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About Society

The Progressive Education Society (P.E. Society), founded in 1934 by the esteemed educator and social advocate,
Prof. Shankarraoji Kanitkar, has been a beacon of inclusive education for nearly a century. Guided by the visionary
leadership of Hon. Dr. G. R. Ekbote, Chairman of the Business Council, the Society has flourished into a prestigious
consortium of 62 institutes. These institutions span from kindergartens to doctoral programs, encompassing a diverse
range of disciplines including Pharmacy, Engineering, Law, Education, Agricultural Biotechnology, Management, Arts,
Commerce, and Science. P.E. Society remains steadfast in its commitment to educating all sectors of the community,
thereby upholding its foundational values and contributing significantly to societal advancement.

About Colleﬁe

Modern College of Pharmacy, established in 1998 by the Progressive Education Society in the bustling industrial area
of Yamunanagar, Nigdi, is a premier institution recognized for its excellence in pharmaceutical education and research.
Approved by the Government of Maharashtra, AICTE, and PCI, the college boasts a permanent affiliation with Savitribai
Phule Pune University and accreditation by NBA & NAAC with an impressive A+ grade and a CGPA of 3.47. The
college offers a wide range of programs including B. Pharmacy, Pharm. D, M. Pharmacy in various specializations, and
Ph.D. in Pharmaceutical Sciences. Notably, it has consistently ranked within the top 100 colleges in the NIRF pharmacy
category for the past six years and consecutively received the Platinum Grade Rank by the CIlI survey for the last five

ears. In 2015-2016, it was named the “Best College in Professional Colleges' Category” by Savitribai Phule Pune

niversity. Recently, the college has proudly embraced an Autonomous status granted by UGC, further enhancing its
educational offerings and standing. In the latest IIRF 2024 Health Sciences Ranking, we achieved a National Rank of
64 and a State Rank of 9, affirming its position as a leader in pharmaceutical education.

About Conference
A N

Pharmaceutical sciences combine scientific aspects that are critical in the development and manufacture of new drugs,
handling of medicines and medical devices. In the most basic sense, drug design involves the design of molecules that
are complementary in shape and charge to the biomolecular target with which they interact and therefore will bind to it.
Artificial intelligence (Al) is a field of study that involves the development of computer systems that can perform tasks
that normally require human intelligence. By leveraging machine learning algorithms, Al enables faster and more
accurate identification of drug candidates. The integration of Al has streamlined tasks such as protein-ligand docking,
molecular dynamics simulations, virtual screening, and de novo drug design. The technology promises scientific
advancement in many sectors such as medicine, consumer products, energy, materials, and manufacturing. Pharmacy
uses the knowledge derived from pharmacology to achieve optimal therapeutic outcomes through the appropriate
preparation and dispensing of medicines. Medicinal Chemistry is the science that deals with the discovery or design of
new therapeutic chemicals and their development into useful medicines. Pharmaceutics and Pharmaceutical
Technology is concerned with the design and formulation of drugs into different dosage forms. In the present
conference, pharmaceutical experts from international and national universities and other organizations will address on
diverse aspects related to drug design, Al and pharmaceutical technology.
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The conference is mainly for the teachers, PG & PhD scholars from various institutes, research laboratories, and
industries of Pharmaceutical, Medical, Ayurvedic, Biotechnological, Clinical Pharmacy, and other streams of the

Registration

healthcare profession. The registration fees are Rs 1500/- (non-refundable). The registration fee includes a registration
kit, bag, gifts, breakfast, lunch, access to all sessions and Hi-tea. Offline enrolment is restricted to 200 partlmpants (ona
first- -come, first-serve baS|s) Accommodation will be charged extra. Last date for registration: 25-02-202
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k Poster / Oral Presentation

Abstracts are invited for poster/oral presentation (online/offline).

The last date to submit of structured abstracts not exceeding 250 words as per the template given on the website is

on or before 25-02-2025 through the website.

The presenti fg author will have to register as a participant before submission of an abstract.

A certificate of presentation/participation will be given to the presenting author and registered participants only.

}he poster size must be 1.0 mt. X 1.0 mt. and the time for each presentation is 5 min., followed by 2 min. for
iscussion.

Full-length articles selected from abstracts will be published as conference proceedings in the Bulletin of
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ABSTRACT

A substantial financial burden is imposed by animal research because of the expenses of housing, care, legal
compliance, and extended study periods. This paper reviews Al-powered tools that enhance research by reducing
expenses, resolving moral dilemmas, and boosting scientific discoveries. Organ-on-Chip technologies mimic human organ
functioning, minimizing the need for live people, while silico models assess genetic alterations and drug interactions using
computer simulations. 3D bioprinting driven by Al makes it possible to create tissue and organ models, providing
repeatable and compassionate testing platforms. Safety evaluations are streamlined by predictive toxicology, which
forecasts toxicity by analyzing chemical structures. Digital twins and virtual reality offer controlled experimental
alternatives, and High-Throughput Screening (HTS) simplifies and expedites drug testing. In the pharmaceutical and
biological sciences, these Al -driven techniques improve research efficiency, encourage moral options, and result in
considerable cost reductions. The potential for Al-driven technology to supplant conventional animal testing
techniques with more ethically sound, economically viable, and scientifically sound alternatives is demonstrated by these
developments, which mark a revolutionary change in biomedical research.

Keywords: Artificial Intelligence, 3D-bioprinting, Animal Handling, Organ-on-chip, Digital
Twins How to cite this article: Vagisha Mahajan, Shraddha Pawar, Jyoti Pawar, Arulmozhi
Sathiyanarayanan, Shakuntala Chopade. Al- driven Experimental Models: A New Era in
Ethical and Economical Animal Research. Bulletin of Pharmaceutical Research. 2025;15(S2):
1-7.

Source of support: Nil Conflict of interest: None

INTRODUCTION every drug studied. However, by offering

creative substitutes that lessen or do away
with the necessity for animal testing, the
incorporation of artificial intelligence (AI) has
transformed research and testing. To replicate
real-world processes without using live
animals, researchers can now predict
biological outcomes, analyze massive datasets,
and build virtual models of biological systems

Considering current animal research scenario,
the expenditures of staff, materials, and facility
maintenance, as well as extra charges for
regulatory compliance, make animal research
extremely expensive. Additionally, these
investigations take a long time—often years—
and are expensive—costing millions of dollars
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thanks to Al-driven technologies like machine
learning, computational modelling, and
simulation  platforms. Al is  already
revolutionizing domains such as toxicology and
drug discovery, where researchers can test
substances and model biological reactions
without using real individuals thanks to digital
twins and high-throughput screening (HTS). In
addition to evaluating chemical safety based on
molecular structures, Al-driven predictive
models lessen the need for animal testing.
Although widespread implementation still
necessitates additional development,
validation, and  regulatory  alignment,
regulatory bodies such as the FDA and
European Medicines Agency are starting to
consider Al-based approaches. Al is a
promising substitute for conventional animal-
based testing techniques since it is raising
ethical standards, increasing productivity, and
lowering research expenses despite these
obstacles.
Economic Burden on Animal Handling In
Research
Animal studies are time-consuming, often
spanning months or years, with expenses
reaching millions per substance examined,
limiting the evaluation of chemicals and
their combinations (hsi.org).
For fiscal year 2025, institutions like the
University of lowa and Indiana University
have established per diem rates <<Table
1>>, which are subject to annual
adjustments for inflation, facility
maintenance, and operational costs.
Researchers must anticipate potential cost
increases when planning budgets. Alongside
housing and care expenses, regulatory
compliance further elevates costs, making
animal research financially demanding.
These cumulative expenses—housing,
compliance, and prolonged study
durations—impact the efficiency and
feasibility of scientific investigations.

Bull. Pharm. Res. 2025;15(52)

Table 1 University of lowa's per diem
rates (Fiscal Year 2025)

Species Per Diem Rate
Dog $34.17

Ferret $7.45

Guinea Pig $2.85

Hamster $1.06

Mouse (per cage) | $0.89

Revolutionizing Research: Ai Methods to
Limit Animal Use

Al is transforming research and testing by
introducing innovative methods that
significantly reduce or replace animal use,
improving both ethical standards and
scientific precision.

1.1 In-silico Models

VR software

V  Virtual reality (VR) software is
transforming medicine by providing
advanced tools for education, training, and
VR-based human-patient
simulators allow healthcare professionals to
practice  complex procedures safely,
eliminating the need for animal models [1.231,
OB/GYN residency programs, such as those
at Rush University Medical Center, have
adopted VR surgical systems, promoting
ethical and effective training. Beyond
education, VR aids in disease modeling,
surgical planning, and personalized
treatment simulations, integrating with Al
and organ-on-a-chip technologies to
enhance medical research. VR promotes
ethical and patient-centered healthcare
solutions by lowering the need for animal
experimentation. << Figure 1>>

research.
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Fig. 1. Overview of Virtual Reality (VR)

software applications in animal handling and

research training.

1.2 “organs-on-chips” software for in
vitro testing

A more realistic option to conventional
research,
medication testing, and toxicity studies are
organs-on-chips, which are sophisticated
microfluidic devices that mimic human
organ functions using human cellsi34
AlveoliX  specializes on lung-on-chip
technology, which replicates pulmonary
processes like breathing mechanics and air-
blood interactions. This allows for accurate
lung disorders, the
effectiveness of medications, and inhaled
pollutants®l., These chips use
derived cells to produce highly predictive
data that supports ethical, effective, and
human-relevant scientific improvements
while supporting research into illnesses
including asthma and COPD.

animal models for disease

research on

human-

MIMETAS creates organ-on-a-chip
technology that wuse microfluidics to
replicate dynamic human tissue
environments, advancing toxicity testing,
disease modeling, and drug

development561Using 3D cell cultures that
closely mimic human tissues, its flagship
product, OrganoPlate®, replicates a variety
of human organs, such as the liver, kidney,
and blood-brain barrier 2 11l<< Figure 2>>

Kdney-on-a-chips

Example Testing
NAPTIONS Irugs.

17}

TORUNG. QIS0 MOdOIng
("ypertrophic
cardiamyapatty)
Chip
.

Z
:
ﬂ o

Fig. 2. Illustration of an Organ-on-a-
Chip model, replicating organ
functions for biomedical research

1.3 Al and 3D Bio-printing
Molecular modeling and
chemistry are used in computer-aided drug
design (CADD) to find possible therapeutic
candidates. Al improves this process by
predicting drug-protein interactions and
increasing predictive accuracy, which
makes drug development more accurate
and efficient(25.. By mimicking human drug
interactions, this development minimizes
the requirement for animal testing while
speeding up discovery [171.

3D bioprinting, a process that uses stem
cells, growth hormones, and nutrients to
build tiny human tissue structures called
organoids layer by layer, is another ground-
breaking advancement. In 1994, Vedani et
al. The use of animal testing is further
decreased by these miniature organs, which
mimic human tissues and provide a more
precise platform for researching drug
interactions. Al and 3D bioprinting together
improve drug development's efficacy,
humanity, and scientific advancement. An
excellent instance of this is the DART (Drug
and Toxicity Prediction System) from
Quantiphi, which predicts the safety and
effectiveness of drugs by combining Al with
human biology.

computational

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12, March
2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44




Shakuntala et al

A 3D tissue model entitled EpiAlveolar was
created with assistance from the PETA
International Science Consortium Ltd. to
replicate the alveoli and the deepest portion
of the human lung. Animal testing is no
longer necessary because it is made entirely
of human cells and is a useful tool for
researching inhaled compounds such as
pollutants, pathogens, and e-cigarette
smokel3l. Research on pollution impact,
respiratory disorders, and the safety of
inhalable products is made possible by this
human-relevant model, which also permits
long-term exposure studies free from
ethical issues [19. In addition to models such
as EpiDermTM, EpiAlveolar contributes to
scientific research by lowering the risks
associated with human trials, encouraging
ethical research practices, and offering data
that is applicable to humans 121,

1.4. Predictive Toxicity testing using Al
algorithm

Computer-aided drug design (CADD)
utilizes computational chemistry and
molecular modeling to identify potential
drug candidates. Al enhances this process
by improving predictive accuracy and
analyzing large datasets to predict drug-
protein  interactions, = making  drug
development more efficient and precise (251,
This advancement accelerates discovery
while reducing the need for animal testing
by simulating human drug interactions 071
During interpretation, binding energy
reflects the strength and stability of the
interaction between a ligand and its
biological target, with more negative values
indicating stronger binding. This is vital for
processes like enzyme activity and drug
efficacy. Key interaction types contribute to
this energy: hydrogen bonds ensure specific
positioning, hydrophobic contacts stabilize
the complex by minimizing water exposure,
ionic interactions enhance stability through
charge complementarity and van der Waals
forces support close molecular packing.

Bull. Pharm. Res. 2025;15(52)

Together, these interactions determine
binding affinity and biological effectiveness
131, While interpreting using CADD, it is
important to clarify whether the reported
docking of drug sample score refers to the
best-ranked pose—the one with the lowest
binding energy and presumably the most
favorable interaction—or an average score
calculated across multiple predicted poses.
This distinction helps ensure accurate
interpretation of the docking results, as the
best-ranked score highlights the most stable
binding conformation, while an average
score offers insight into overall binding
consistencyl1s]

Regulatory agencies like the EPA are
increasingly adopting humane testing
methods, exemplified by Syngenta Crop
Protection LLC's new approach to
evaluating the

1.5 Substitution live experiments with
computer simulations

A sophisticated instructional = program
called "X-cology" allows students to
digitally carry out tests, evaluate findings,
and make deductions by simulating
intricate pharmacological trials, including
bioassays. This application provides useful
skills without the logistical difficulties of
live animal investigations by simulating
real-life  experimental operations. By
simplifying biological
demonstrations, it improves teaching
efficiency and lowers expenses, time, and
ethical issues related to live animal testing
1. Teachers can ensure that students
understand fundamental pharmacological
principles by skillfully demonstrating
complex processes without the need for
large laboratory equipment.

1.6 Digital Twins

Digital twins, which are computer-
generated virtual representations of
biological systems, present an acceptable
means to lessen the usage of animals in
researchitél. These models closely resemble

intricate
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biological responses found in the actual
world by incorporating information such as
genetic profiles, physiological readings, and
environmental conditions. By facilitating
constant adaptation to fresh data, artificial
intelligence (Al) improves digital twins'
forecasting accuracy. Digital twins can
mimic organ or tissue responses to
medications in pharmaceutical research,
enabling researchers to examine a range of
impacts without using animals. This method
greatly lessens the requirement for live
animal testing while guaranteeing accurate
and moral research [21],

Simcyp Simulator

Virtual human models have been produced
using digital twins to mimic the
physiological effects of a given medication.
Researchers can forecast how medications
will affect the human body by using these
models, which mimic organs, tissues, and
genetic profiles. The Simcyp Simulator, for
instance, models human populations and
forecasts drug absorption, distribution,
metabolism, and excretion using digital
twin technology, providing insights without
the need for animal testing or clinical trials
[10]

In silico Medicine

Digital twins are being developed in cancer
research to model how a patient's tumor
reacts to different therapies. Instead of
employing animal models, in silico medicine
uses artificial intelligence (AI) and digital
twins to model cancer cells and anticipate
how they will respond to particular
medications. This enables individualized
treatment plans.

1.7 High-Throughput Screening (HTS)
High-throughput screening (HTS)
minimizes the need for animal testing by
enabling researchers instantly evaluate a
large number of substances using artificial
models or cell cultures. By automating data
analysis, finding
candidates, and forecasting possible

interesting drug

Bull. Pharm. Res. 2025;15(52)

toxicity, Al integration improves HTS and
makes the process more precise and
efficient 1221. By evaluating biological effects
using artificial or human-based models, Al-
powered HTS may screen out potentially
hazardous substances early in the
medication development process. Al also
makes it possible to investigate intricate
biological pathways in more detail and finds
patterns that conventional techniques
might miss. This method minimizes animal
testing while speeding up drug discovery,
making research more efficient, economical,
and morally sound [6l.

Animal testing and the contract research
industry is directed towards research and
development (R&D)

R&D, especially regarding the development
of transgenic animals for the study of
diseases, pharmacological interactions, and
toxicity, accounts for a sizable amount of
funding for contract research and animal
testing. Researchers can better understand
how drugs affect human biology and how
genetics affects drug safety and efficacy
thanks to these genetically engineered
animals. For treatments including anti-
cancer, anti-convulsive, anti-arthritis, and
anti-hypertensive drugs, chronic toxicity
testing is essential for assessing long-term
pharmacological effects and ensuring their
safety over extended usage.

CONCLUSION

Al integration in experimental animal
model research enhances ethical standards
and economic efficiency. Technologies like
In silico models, Organ-on-Chip, Al-assisted
3D bioprinting, and predictive toxicology
reduce reliance on animal testing while
improving accuracy. These innovations cut
research costs, streamline development,
and accelerate drug discovery. Al-based
methods offer cost-effective simulations
and predictive models, ensuring ethical,
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efficient, and scientifically robust
biomedical advancements.
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ABSTRACT

Skin melanoma is one of the most virulent types of skin cancer, with a high death rate, primarily due to
immune evasion mechanisms, including the PD-1 pathway. PD-L1 inhibition is a promising immuno-
oncology strategy. Beta Glucan, a natural polysaccharide with promising immunomodulatory activity, was
assessed as a PD-L1 inhibitor via molecular docking. AutoDock Tools, with protein (PDB ID: 8P64) as the
receptor, were used for computational in-silico analysis. Beta Glucan’s binding was compared with a
standard chemotherapeutic agent, 5-Fluorouracil. The results revealed that Beta Glucan has much
stronger binding energy (-9.8 kcal/mol) than 5-Fluorouracil (-4.3 kcal/mol), indicating a possible
inhibitory effect on PD-L1 through favourable interaction. This research provides a computational
foundation for potential further research into the use of Beta Glucan for the treatment of skin melanoma
as an immunotherapeutic factor.
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1. INTRODUCTION

chemotherapeutic and surgical
Skin melanoma is associated with remarkable advancements. Among these, the PD-1/PD-
global mortality and morbidity is an extremely L1 immune barrier pathway is crucial,
aggressive type of skin cancer, due to the permitting melanoma cells to escape
malignant transformation of melanocytes(ll. Its immune surveillance by inhibiting T-cell-
treatment remains suboptimal due to mediated immune responses. Thus,
mechanisms of immune evasion and drug targeting PD-L1 has emerged as a promising
resistance, despite therapeutic strategy in recent immuno-
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oncology [2I. Current structural analyses of
PD-L1 (PDB ID: 8P64) have enabled the
rational design of inhibitors with the
potential to inhibit the PD-1/PD-L1
interaction3l. Beta Glucan, a naturally
occurring fungal, oat, and yeast-derived
polysaccharide, possesses
immunomodulatory and  anti-tumour
properties. Introductory studies indicateits
potential to modulate immune responses
and possibly interfere with immune
checkpoint signalling pathways [4l. However,
its use as a PD-L1 inhibitor in skin
melanoma is  principally uncharted
territory. The current study employs
computational in-silico molecular docking
techniques to investigate the binding
affinity and interaction profile of Beta
Glucan with PD-L1.5-Fluorouracil (5-FU) -a
well-documented chemotherapeutic agent
with proven efficacy in the treatment of a
range of skin cancers - has been employed
as the control drug for comparison [51.

MATERIALS AND METHODS

The software tools, AutoDock Tools 1.5.1,
PyMOL 2, Biovia Discovery Studio Visualizer
2025, ChemBioDraw Ultra 14.0, and
Chem3D Pro 14.0, were used for the
molecular docking study [61.

2.1 Protein preparation

Initially, the protein structure was taken
from the PDB in (.pdb) format. This protein
was uploaded to AutoDock 1.5.1, and
subsequently, water molecules were
removed. Subsequently, polar hydrogens
were added, along with Kollman's charges.
Once the Kollman charges were
incorporated, it was confirmed that the
charges were evenly distributed across the
entire protein by ensuring that charge
deficiencies were addressed for all atomic
residues. After verifying that no residues
had non-integral charges, the protein was
saved in (. pdbqt) format [7].

2.2 Ligand Preparation

Bull. Pharm. Res. 2025;15(52)

Initially, both ligands were obtained in the
(.sdf) format from the PubChem database.
After uploading the file to PyMOL, it was
converted into (.pdb) format. Once saved,
the (.pdb) file was then uploaded to
AutoDock. The molecule was selected for
AutoDock 4, and all rotatable bonds were
converted into non-rotatable bonds. After
completing this process, the ligand was
saved in (. pdbqt) format [8l.

2.3 Molecular docking

Once the protein and ligand were saved in (.
pdbqt) format, they were imported into
AutoDock. Since the binding site was not
confirmed, blind docking was performed.
The grid box dimensions were set to 126 X
126 X 126 with a protein spacing of 0.375.
The grid parameters for the protein were
setto X =14.069,Y=11.071,and Z = -
26.253. After ensuring that the grid box
encompassed the entire protein and ligand,
the grid parameters were saved in (.txt)
format. A configuration file was created, in
which the energy range was set to 4,
exhaustiveness was set to 8, and both the
center XYZ coordinates and size XYZ data
were uploaded. The receptor and ligand
files were also included in this configuration
file, which was saved in (.txt) format. The
maximum number of evaluations and the
maximum number of generations were set
to 2,500,000 and 27.000, respectively. To
obtain the binding energy score, a command
prompt was executed, resulting in an output
file in (.pdbqt) format. The binding
energy/docking score in kcal/mol was
recorded in the log file (.txt) format (1.

2.4 Visualization of docking results

Once the target and ligand were saved in (.
pdbgt) format, they were imported into
AutoDock. Since the binding site was not
confirmed, blind docking was performed.
The grid box dimensions were set to
126X126X126. The grid parameters for the
protein were established to facilitate the
docking process. To visualize the ligand
docking to the protein at the binding site,
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Biovia Discovery Studio Visualizer 2025
was used. Initially, the protein file in (.
pdbqt) format was uploaded, followed by
the output file in the
Subsequently, the molecule with the best
binding energy was selected as the ligand.
Once this was completed, the 3D, 2D, and
Amino Acid interactions were visualized [10],

same format.

. RESULTS AND DISCUSSION
The binding affinity of Beta Glucan was

compared to that of the standard drug, 5-
fluorouracil, against the PD-L1 enzyme.
When Beta Glucan was docked to the
protein, 9 poses were obtained. Among
these, the pose that exhibited the highest
docking score and a perfect overlay with the
co-crystal ligand present in the protein was
selected as the final pose, and the 3D
molecular docking results were recorded
(11, The docking score for the standard
compound, 5-Fluorouracil, was found to be
-4.3 kcal/mol, while that of Beta Glucan was
-9.8 kcal/mol. The docking scores of the
optimal pose are presented in Table 1, and
the 3D docking images are displayed in
Figures 1 and 2. Subsequently, to analyse the
Amino Acid interactions, 2D structures
were analysed, as shown in Figures 3 and 4,
along with Table 2. Both ligands showed
strong affinity towards the binding site with
strong hydrogen bond interaction, thus
showing a stable attachment.

Fig.1. 3D interaction of Beta Glucan with

Protein

Bull. Pharm. Res. 2025;15(52)

Fig. 2. 3D interaction of 5-Fluorouracil
with protein

Table 1: Dock score (binding energy) of Beta

Glucan and 5-Fluorouracil

THiR
136

Sr. No Compound Binding
Energy
(kcal/mol)
1 Beta Glucan -9.8
2 5- -4.3
Fluorouracil

TYR
A2

Fig. 3. 2D interaction of Beta

Glucan with protein

AL~
Aiaa
4 " :
SER
B:lo=
rfios
. 8108 , SLY
ALA
Bas
GLY
A1O06
Fig. 4. 2D interaction of 5- Fluorouracil

with protein
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Table 2. Amino acid interactions of
ligands with protein

Compound | Hydrogen | Distanc | Hydro- | Distanc
bond e(d) phobic | e (A)
interactio interac
n tion

Beta ASN49 2.170

Glucan TYR109 2.879
ASP47 2.408
PHES 1.923

5-Fluoro ALA38 2.497 ALA38 5.062

uracil GLY105 3.166
GLY106 3.290

4. CONCLUSION

The computational study of the interaction of
Beta Glucan with PD-L1 has
preliminary results for its hypothesized role as a
PD-L1 inhibitor. Inhibition of the PD-1/PD-L1
immune checkpoint pathway by Beta Glucan can

promising

potentially reveal a new immunotherapeutic
strategy against the treatment of melanoma,
which is notorious for its virulence and
resistance to traditional treatments. The results
of molecular docking demonstrated significantly
greater binding ability of Beta Glucan (-9.8
kcal/mol) than that of the traditional drug, 5-
Fluorouracil (-4.3 kcal/mol), used routinely to
treat skin cancer. This, in turn, indicates that
Beta Glucan has the potential to inhibit the PD-
1/PD-L1 interaction more efficiently, restoring
T-cell-mediated
boosting the anti-tumour activities. Although the
conclusion is based on computational modelling,
it gives a solid foundation for the performance of
future experiments in vitro and in vivo to
validate the claims. Using naturally derived
compounds such as Beta Glucan not only opens
avenues for low-toxicity and biocompatible
therapies but also aligns with current trends in
immunomodulatory and plant-based drug
development. Further studies focusing on its
biological activity, pharmacodynamics, and
safety profile will be crucial to establish Beta
Glucan as a viable candidate for melanoma
immunotherapy.

immune surveillance and

Bull. Pharm. Res. 2025;15(52)
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ABSTRACT

This study aims to design and assess a Nanoemulgel with the antifungal drugs itraconazole and fluconazole for local use.
Nanoemulgels can efficiently increase drug solubility, penetration, and release, enhancing therapeutic performance in fungal
infections. The combination of itraconazole and fluconazole was selected to provide broader-spectrum antifungal activity, as
itraconazole is effective against dermatophytes and molds, while fluconazole targets Candida species; their combined use
may also offer synergistic effects and reduce resistance development. Spontaneous titration techniques and Box-Behnken
design were employed to maximize formulation parameters. The optimized formula showed a stable nanoemulsion
with zeta potential -16.4 £2.16 mV,PDI0.357 + 0.84, and particle size of 103.89 + 2.80 nm. The resulting nanoemulgel had
favourable topical characteristics, such as pH 6.3, a viscosity of 4260 CPs, and a spreadability of 6.1 cm/sec. Stability
tests ensured formulation stability. This method provides a promising platform for enhanced topical antifungal
delivery.

Key words: Itraconazole, Fluconazole, Nanoemulsion, Nanoemulgel, Topical drug delivery, Box-
Behnken design
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itraconazole and fluconazole are
1. INTRODUCTION extensively utilized because of their
broad-spectrum  activity but are
hampered by poor aqueous solubility(1l.
Nanoemulgels, a hybrid of nanoemulsion
and hydrogels, have emerged as novel
delivery systems overcoming these
limitations. = They  enhance  drug
solubility, permeation, and sustained
release [2l. This research focuses on
developing and characterizing a
nanoemulgel system for topical delivery

Magnetic Dermatophytosis and
candidiasis need extended therapy,
which is further plagued by low patient
compliance because of the drawbacks of
conventional topical drug delivery
systems. Poor solubility, low
permeability across skin, and inadequate
drug concentration impede optimal
therapy. Azole antifungals such as
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of itraconazole and fluconazole,
employing  quality-by-design  (QbD)

methodologies for optimization [31.

. MATERIALS AND METHODS
2.1 Materials:
Itraconazole and fluconazole were

purchased from Rubal Ingredients, India.
Oleic acid, Tween 80, propylene glycol,
and Carbopol 934 were excipients. All
other reagents were of analytical grade.
Delivery is developed, and multiple
research reviews have been conducted
4.  With recent developments in
liposome formulations and their medical
applications, this analysis aims to
provide a detailed insight into magnetic
nanoliposome technology [51.

2.2 Screening of Excipients:

Solubility studies revealed oleic acid as
the ideal oil, Tween 80 as the optimal
surfactant, and propylene glycol as the
ideal co-surfactant.

2.3 Nanoemulsion Formulation:
Spontaneous emulsification was used to
prepare nanoemulsions. Ternary phase
diagrams were developed to determine
ideal component ratios. The Smix ratio
chosen was 1:1 (Tween 80: propylene
glycol), and formulations containing 10-
40% oil were good for emulsification and
clarity.

2.4 Hydrogel Preparation:

Hydrogels were prepared by using
Carbopol 934 (0.5-2%). The maximum
nanoemulsion was added to hydrogel
bases, mixed thoroughly, and neutralized
with triethanolamine. The formulation of
1% Carbopol (NE gel 2) was selected
based on physical characteristics [41.

2.5 Box-Behnken Design

Bull. Pharm. Res. 2025;15(52)

X3: Stirring time) on response variables (Y1:
Particle size, Y2: PDI, Y3: Zeta potential).
Quadratic response surfaces and polynomial
models were effectively generated. A total of 17
formulations were prepared and analyzed for
the response variables. Analysis of variance
(ANOVA) revealed that the models were
statistically significant, with p-values less than
0.05 for all responses, indicating a strong
correlation between the selected variables and
the observed outcomes. The desirability
function employed for
optimization, aiming to minimize particle size
and PDI while maximizing the zeta potential
stable
formulation was selected based on the highest

approach  was

within a range. The optimized
desirability score (close to 1), ensuring a
balanced and efficient formulation that met all
predefined criteria. Diagnostic plots such as
predicted vs. actual and residual analysis
further confirmed the adequacy of the models
(5],

2.6 Characterization of Nanoemulsion:

The optimized formulation had a particle size of

103.89 +2.80 nm, PDI of 0.357+0.84, and zeta

potential of -16.4 + 2.16 mV. These were good

indicators of stability and narrow particle

distribution.

100

N L
III | —a0
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Flimmetar (.

Fig no 1. Particle size of
Nanoemulsion

2.7 Evaluation of Nanoemulgel:

The Box-Behnken design, an RSM pH:
approach requiring three levels, was utilized to The ph O_f nanoemulgel.was found t_O be
evaluate the effects of independent variables 6.3, within the safe limits for the skin.

(X1: Oil concentration, X2: Smix concentration,
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Table no.1: Box Benken Design for Three Factors
Sr. Batch code X1 (Amt. of oil) X2 (Amt. of Smix) X3 (Stirring Time)
no.
1 F1 10 30 18
2 F2 20 30 12
3 F3 15 20 18
4 F4 15 40 12
5 F5 20 20 15
6 F6 15 30 15
7 F7 15 20 12
8 F8 10 40 15
9 F9 20 40 15
10 F10 10 20 15
11 F11 15 30 15
12 F12 15 30 15
13 F13 15 30 15
14 F14 15 40 18
15 F15 15 30 15
16 F16 10 30 12
17 F17 20 30 18
Homogeneity & Grittiness: 2.8 Permeability study:

The Homogeneity &  Grittiness of
formulated Nanoemulgel were found to be
Smooth and shiny with no aggregates.

Viscosity:

The formulated Nanoemulgels viscosity

was 4145+1.77 CPs at 10 RPM.
Spreadability:
The Spreadability of

formulated

Nanoemulgel was 6.1 cm/sec, showing easy

spreading.
Stability Studies:

Optimized formulation (NE gel 2) was kept
for accelerated stability studies at 25°C,
30°C, and 40°Cover 30 days. There were no
essential changes in viscosity, spreadability,

or consistency.

The topical nanoemulgels in vitro skin
penetration was evaluated using Franz
diffusion cells. The donor compartment
contained 5 ml of phosphate-buffered
saline (PBS, pH 6.8), like the skin’s pH,
while the receptor compartment
contained 20 ml.

IDmg Permeation |

09
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°

[
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Fig no 2. In vitro release study
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After the donor side had been coated with the
nanoemulgel, a cellophane membrane was
placed between the two compartments. The
system was maintained at 37 * 0.5°C and
agitated at 100 £ 5 RPM. At one-hour intervals,

Bull. Pharm. Res. 2025;15(52)

antifungal therapy. The synergistic effect

with
penetration,

increased drug solubilization,

and formulation stability

underscores the delivery system's promise
to provide a viable alternative to traditional

1 mL aliquots were removed from the topical therapies with enhanced
receptor compartment and analyzed using UV- therapeutic benefits and patient
visible spectrophotometry. The experiment compliance.
was conducted three times.
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ABSTRACT

Mouth ulcer called aphthous stomatitis is the most common condition that gives ulcerative illness that
influences oral mucosa. The goal of the current study was to evaluate the effectiveness of herbal remedies for
treating mouth ulcers, F1 Formulation contained methanolic extracts of Hibiscus sabdariffa and clove oil with
appropriate excipients. F2 formulation prepared by using methanolic extract of Hibiscus sabdariffa, Cajanus
cajan, and clove oil, along with Poloxamer 407, Eudragit S100 and Carbopol 934 as gelling agents. The physical
appearance, pH, homogeneity, viscosity, Spredability, gel strength and antibacterial activity of both
formulations were assessed in comparison to the commercial Hi-Ora gel. Every formulation had a pH that was
suitable for mucosal applications, ranging from 6.90 to 7.0 * 0.9. Particularly antimicrobial activity was
evaluated for formulation (F2), made good zones of inhibition, measuring 22 mm against Candida albicans, 28
mm against Escherichia coli, and 34 mm against Staphylococcus aureus as compared to the Hi-Ora gel. These
outcomes were noticeably better. In conclusion F2 formulation showed good physical characteristics and
antimicrobial activity.
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1. INTRODUCTION

Mouth ulcer or aphthous stomatitis is a kind of
ulcerative illness that influences the oral mucosa
and is portrayed by repetitive oral and throat
ulcers [1l. It commonly has a yellow or white tone
and appearances like a
discouragement in the mouth. Various categories

mucous film
of ulcers can be found in oral cavity and
categories based on lesions such as minor, major
and herpetiform ulcers (Figure 1, 2 & 3) [2. In
indigenous medicine, various herbs are used to
treat aphthous ulcer, which are recommended to
cure serious complications Bl. Among herbal
drugs, clove oil, Cajanus cajan have been used
extensively [4l. Several phytoconstituents are

reported as antiulcerants which include meletin,
naringoside, silybin, anthocyanins, saponins, tannins,
gums, mucilage [56l. Ethnobotanical evidence indicates
that a range of Hibiscus sabdariffa L. calyx herbal
powders and extracts have been used in holistic
Diabetes,
toothaches, dizziness, stomachaches, chronic infections,
and feminine disorders are only a few of the conditions
for which Cajanus cajan is well known for its traditional
therapeutic use. Numerous advantageous nutritional
and bioactive components have been connected to
these qualities [8. Clove essential oil has been
demonstrated to have antimicrobial, antinociceptive,
antibacterial, antifungal

medicine to cure several ailments [l
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and anticancer qualities. But according to this
study, clove oil, Cajanus cajan leaves, and Hibiscus
sabdariffa L. calyx herbal powder may be
beneficial for mucosal ulcer issues 1.

Although Hibiscus sabdariffa and Cajanus cajan
are both recognized for their pharmacological
characteristics on their own, there has never
been a report of these two botanical extracts
being combined single mucosal gel
formulation. By utilizing the complementary
qualities of both plants, this creative method

in a

improves the therapeutic effectiveness

. MATERIALS AND METHODS
2.1 Collection of plant materials
The calyx of plant Hibiscus sabdariffa L and
leaves of Cajanus cajan were obtained from
Manikarnika Aushadhalaya , Chinchwad, Pune-
411033. Dried calx of Hibiscus sabdariffa L and
leaves of Cajanus cajan were used for extraction
(Figure 4& 5) [t011], Carbopol934, We purchased
methylparaben, propyl paraben, triethanolamine,
eudragit S100, propylene glycol 400,
poloxmer 407 from Loba.

and

i i
Figure: 5 Leaves, Flowers, fruits
of Cajanus cajan

Figure 4: Roselle Hibiscus sabdariffa

2.2 Preparation of plant extract

The desiccated calyx of Hibiscus sabdarifa and
dried leaves of Caganus cajan were collected,
cleaned and shade dried. Course powder of calyx
of Hibiscus sabdarifa and leaves of Cajanus cajan
were treated with methanol by cold maceration
processes and further use for analysis [121.
2.3 Preparation of herbal gel
The composition of gel is formulated from the
Hibiscus sabdariffa plant extract and Cajanus

Bull. Pharm. Res. 2025;15(S2)
cajan plant extract and clove oil [131. Gel formulations

with Carbopol 934 (Formula 1): Carbopol 934 is mixed
with distilled water and propylene glycol to create a
gel. Propylene glycol is added after cooling. The
mixture is stirred and the extract is added. To adjust
pH and achieve the desired consistency, distilled water
and triethanolamine are added dropwise to the
formulation until 50 ml. (Refer table 1 for composition
of formulation 1). The gel formulations were prepared
by mixing Carbopols100and poloxamer 407 with
ethanol, extract and Carbopol 934.The pH was adjusted by
adding distilled water and triethanolamine. Carbopol 934
was dissolved in water, while methyl paraben, propyl
paraben, propylene glycol, and eudragit were added to
separate containers. ((Refer table 2 for composition of
formulation 2)

2.4Evaluation parameter

Physical evaluation:

The prepared gels were tested for color, clarity, consistency,
odor and presence of any gritty particles [121.
Measurement of pH:

A digital pH meter was used to measure the herbal gel
composition’s pH by following reported method. [14].
Homogeneity:

Tests for homogeneity were conducted on all created gel
compositions. After the gel is placed into the container. Their
appearance and existence of aggregates were examined [13].
Viscosity:

All of the developed formulations viscosities were
examined by using spindle number74 at 50 rpm at
25°C (151,

Gel strength:

The strength of a gel was determined by the time it
took for a weight to penetrate 0.5 cm into it [131.
Spredability:

To prepare a gel formulation with Carbopol 934 and
Eudragit S 100, dissolve Carbopol 934 in water, add
propyl and methyl paraben, and propylene glycol. In
separate containers, mix Eudragit S100 and poloxamer
407 in ethanol, add extract, and adjust pH and
consistency by adding triethanolamine and distilled
waterl15l.  Spreading capacity: Spredability s
determined using the following formula S=M*L/T
Where, M=Weight placed on upper slide L= Length of
glass slide T=time taken to separate the slides.
Extrudability:

The gel capped
collapsible aluminium tubes and sealed securely. The
ease of extrusion was assessed by pressing with the

formulations were filled into
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Drug content:

A stock solution of formulated gel was prepared,
and drug content was calculated using an
algorithm derived from a linear regression study
of a calibration curvel!sl.

Clarity:

By using a visual assessment, the clarity of each
batch was assessed [16l. Table 1: composition of
herbal gel with Carbopol 934 (Formula 1)
Antimicrobial activity:

The study tested the antibacterial and anti-
fungal properties of two formulations and a
commercial mouth ulcer gel, Hi-ora gel, using
agar-well  diffusion  technique and
microbiological cultures17.18]. The nutrient agar
and Sabouraud dextrose agar plates were
inoculated by spreading a volume of the bacterial

two

and fungal inoculum respectively using a sterile
glass spreader. Subsequently, wells were created
with a diameter of 8 - 10 mm using sterilized
cork borer. 0.25gm,0.5gm,1:10 ratio of gel,
Standard marketed Hi-Ora gel and ciprofloxacin
tablet suspension were incorporated into the
wells. For bacteria, incubation was done for 24
Hrs. at 37°C and for fungi, at 30°C for 48 hours.
measured by
calculating the the diameter in mm in three fixed

The =zone of inhibition was

directions and the mean values were recorded [19],

. RESULT AND DISCUSSION
Two herbal gel formulations were created by

altering herbal components as shown in Tablel &
2. The well diffusion method was wused to
investigate antibacterial activity. The F2 gel,
containing Hibiscus sabdariffa and Cajanus cajan
extracts, demonstrated good zone of inhibition
against Staphylococcus aureus, Escherichia coli,
and Candida albicans. The result is shown in
Table 5 and Figure 6,7,8). Extrudability was good
as compare with marketed formulations (Table

Bull. Pharm. Res. 2025;15(S2)

Sr (Ingredients Role Concen Perce
no. tration [ntage
%
1 |Hibiscus sabdariffa |Antioxidant, anti- [1gm [2%
methanoli c extract [inflammatory,
antibacterial
2 |Clove oil Antimicrobial, Iml (1%
anticarcinogenic,
antiinflammatory,
antioxidant
5 |Carbopol 934 Gelling agent 0.8gm 2%
4 |Methyl paraben Preservative 0.33 gm(1 %
5 [Propyl paraben Preservative 0.16 gm(1 %
6 |Propylene glycol Co-solvent 2ml 2%
7 [Triethanolamine PH adjuster Uptol 1%
ml
8 |Distilled water Q.S 90%
Table 2. Composition of herbal gel F2
Sr. | Ingredients Role Concent | %
no ration
1 | Hibiscus sabdarifa Antioxidant | 1gm 2%
(methanolic extract)
2 | Cajanus cajan Antiulcer 0.5gm 1%
(methanolic extract)
3 Clove oil Analgesic 0.5 ml 1%
4 | Carbopol Gelling 0.8 gm 2%
934 agent
5 Eudragit S100 Polymer 0.065gm | 1%
6 | Poloxamer Stabilizer 0.065gm | 1%
407
7 | Methyl paraben Preservative | 0.1 gm 0.2%
8 | Propyl paraben Preservative | 0.05gm | 0.02
%
9 Propylene E glycol Co-solvent 1ml 1%
10 | Ethanol Solvent 10 ml 20 %
11 | Triethanol amine pH adjuster | Upto1 1%
ml
12 | Distilled Q.S 90%
water

3). Both formulations had good gel strength Physical appearance, pH, homogeneity, viscosity, and
compared to commercially available options. Spreadability were assessed. The gels had a smooth
texture, pH (6.8-7.0), satisfactory homogeneity, and

(Table 3).

Tablel. Composition of herbal gel F1

good viscosities and Spreadability. (Table 3).
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Table 3. Evaluation parameters of formulations

Table 4. Drug content comparison

Formulation | Name of Sample | Drug
content
%
F1 Hibiscus sabdariffa | 95.51
methanoli ¢ extract
Clove oil 75.12
F2 Hibiscus sabdarifa | 80.55
(methanolic
extract)
Cajanus cajan 58.02
(methanolic
extract)
Clove oil 60.53

Table 5. Zone of inhibition against Candida

albicans, Staphylococcus aureus, Escherichia

coli
Formulation| (ZOI)against| (ZOI)agai | (ZOI)
Candida nst again
albicans Staphyloc | St
occus Esche
aureus richia
coli
0.25gmF2| 18 mm 25 mm 24
mm
0.5gm F2 22 mm 34 mm 28
mm
38 mm 45 mm 48
Ciprofloxaci mm
n
24 mm 23 mm 36
(Hi-Ora) mm

Formulation | Color odor PH Homogeneity | Viscosity | Spreadability | Extrudability | Gel
(cps) (gm.cm/sec.) strength

F1 Greenish | Characteristics | 7.0+0.9 Good 1070 28.98 Good 40 sec
Yellow

F2 Greenish | Characteristics | 6.89+0.3 Good 1296 28.5 Good 36 sec
Yellow

Hi-Ora gel Brownish | Characteristics | 6.89+£0.3 | Good 1625 27.84 Good 34 sec

A B C D

A:0.25 gm F2, B: 0.5gm F2, C: Ciprofloxacin, D: Hi-Oragel

Zone of Inhibition against Candida albicans

Fig, 6. Zone of inhibition against
Candida albicans

A: 0.25 gm F2, B:0.5 gm F2, C: Ciprofloxacin, D: Hi-ora gel

Zone of inhibition agaist Staphylococus aureus

Fig. 7: Zone of inhibition against
staphylococcus aureus

A: 025 gm F2,B: 0.5 gm F2, C: Ciprofloxacin, D: Hi-Ora gel

Zone of inhibition of Escherchia coli

Fig. 8. Zone of inhibition against
Escherichia coli

4. CONCLUSION
Herbal formulations are currently very popular on the

market because to their low cost and lack of side effects.
According to the experimental data above, a mucosal gel
formulation with herbal substances such as Hibiscus
sabdariffa, Cajanus cajan, and clove oil combinations has
good
antibacterial activity, which is crucial in the treatment

characteristics, viscosity, and contains good

of mouth ulcers.
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ABSTRACT

Helminth infections are a major global health issue, especially in developing nations. This study develops a
polyherbal anthelmintic tablet using Priyangu seed and Puskara bark extracts to combat earthworms
(Pheretima posthuma), mimicking human intestinal parasites. Extracts were prepared via cold
maceration and analyzed for phytochemicals and anthelmintic properties. Conventional drugs like
albendazole face resistance and side effects, while nanotechnology-integrated herbal extracts offer a safer
alternative. Green synthesis method was used to create the silver nanoparticles, which were then
examined using XRD, DLS, and SEM. Tablets were formulated by direct compression and assessed for
quality. The combined herbal extracts showed enhanced efficacy, with silver nanoparticles further
improving performance (paralysis: 55+14 min, death: 7025 min) over albendazole (paralysis: 180+24
min, death: 217+35 min). Silver nanoparticles (189+2 nm, -19.1+0.2 mV) improved stability, and the
tablets exhibited good physical characteristics, highlighting their potential as an effective herbal
anthelmintic formulation.

Key words: Priyangu, Puskara Helminth infections, Polyherbal formulation, Silver nanoparticles,
Anthelmintic activity, Pheretima posthuma.

How to cite this article: Anuradha G. More, Amrut N. Godbharle, Avantika S. Jadhav, Monika L.
Suryawanshi,Padmaja S. Kore Ujwala S. Desai. Formulation And Evaluation of Directly Compressed
Polyherbal Anthelmintic Tablet. Bulletin of Pharmaceutical Research. 2025;15(52): 22-27.

Source of support: Nil Conflict of interest: None

1. INTRODUCTION

Since they have fewer side effects, herbs and
herbal treatment mixtures have been used
extensively for 1,000 years in both
industrialised and developing countries(il.
Herbal medicines have been essential in
traditional healthcare for centuries. The WHO
reports that nearly 80% of the global
population relies on them as a primary
healthcare source due to their affordability
and minimal side effects [234], Helminthiasis,
caused by parasitic worms, affects the gut and
can spread to organs like the liver and lungs.
Symptoms range from digestive issues to
severe complications. Though treated with

albendazole and mebendazole, prolonged use
led to resistancel5l. Nanotechnology
enhances drug delivery, with silver
nanoparticles offering strong antimicrobial
and antiparasitic properties. This study
formulates and evaluates a polyherbal
anthelmintic tablet incorporating silver
nanoparticles to boost herbal extract
bioactivitylél. Although the usage of harmful
substances limits their applicability, physical

has

and chemical approaches are more frequently
used to synthesize nanoparticles. Due to this
issue, secure, eco-friendly green techniques
are essential for creating nanoparticles [71.
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2. MATERIAL AND METHOD

2.1 Plant Materials and Extract Preparation:
Seeds of Priyangu (Callicarpa macrophylla)
and bark of Puskara (Inula racemosa Hook),
Microcrystalline cellulose (MCC), Lactose,
Cross carmellose, PVP-k 30, Aerosil 200, Talc,
magnesium stearate, silver nitrate (AgNO3)
were purchased from Manikarnika
Aushadhalaya, Pune.. Indian adult earthworms
(Pheretima posthuma), obtained from Indo-
American Hybrid Seeds [89. Extract wass
prepared by aqueous extraction method [10].
2.2 Synthesis of silver nanoparticles:

Silver nanoparticles are prepared by the
greesynthesis bio-reduction method(!ll. The
silver nitrate was dissolved in double-distilled
water to create a fresh AgNO; solution. For
green synthesis, plant extract (10 ml) was
mixed with AgNO;s solution (90 ml) under
constant stirring, turning reddish-brown,
indicating nanoparticle formation. After 25-30
minutes, the solution was incubated for 24
hours, then centrifuged at 20,000 rpm for 20
minutes (repeated thrice) to
nanoparticles.

2.3 Optimization of silver nanoparticles

The parameters optimized for the fastest and
most economical synthesis of AgNPs were
time, pH, temperature,
concentration, and plant extract. The pH was

isolate the

silver nitrate

Bull. Pharm. Res. 2025;15(52)

optimized using 0.1 N sodium hydroxide
(NaOH) and 0.1 N hydrogen chloride (HCI) and
keptat 1, 3,5,7,9, and 11. For the best AgNP
production, the reaction was observed from 0
to 60 minutes. Temperatures of 25, 50, 75, and
100°C were used to monitor the synthesis of
silver nanoparticles. The different
concentrations for optimising AgNO3; were
0.50, 1.0, 1.5, and 2.0

2.4 Characterization of polyherbal silver

nanoparticles

Polyherbal  silver nanoparticles were
characterized  through  color  changes
indicating formation. UV-Vis spectroscopy

(200-500 nm) monitored silver ion reduction,
FTIR (4000-500 cm™) analyzed
functional groups. SEM determined
shape, and morphology, and XRD assessed
(2-theta: 10°-70°). Malvern
instruments measured size distribution,
stability, DLS, and zeta potentiallt2l,

2.5 Preparation of Tablet

Polyherbal silver nanoparticle tablets were
prepared using the direct compression
method. The excipients included
microcrystalline cellulose (MCC) as a binder,
cross carmellose as a disintegrant, PVP-K30 as
a polymer, and magnesium stearate as a

while
size,

crystallinity

lubricant [13]

Table 1. The formula for the herbal silver nanoparticle tablet.

Sr. No Excipient Quantity(mg)
F1 F2 F3 F4 F5
1 Polyherbal silver nanoparticle 14.95 14.95 14.95 14.95 14.95
2 Microcrystallinecellulose (MCC) 250 0 125 150 200
3 Lactose 0 250 125 100 50
4 Cross carmellose 50 50 50 50 50
5 PVP-K 30 10 10 10 10 10
6 Aerosil 200 8 8 8 8 8
7 Talc 8 8 8 8 8
8 Magnesium stearate 5 5 5 5 5

2.6 Evaluation of powder blend for pre-
compression parameter

The pre-compression metrics, such as bulk

density and real density, are comparable to

physical qualities. The outputs obtained were really
drift angles, Ratio,
Compressibility Index [141.
2.7 Evaluation of polyherbal silver nanoparticle
Tablet

Hausner's and Carr's
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The physical appearance of 20 tablets was assessed

for surface roughness and discoloration. Weight
variation was checked, ensuring deviations stayed
within +5%. Hardness was measured as the stress
needed to break a tablet, while thickness was
evaluated using a Vernier caliper. Friability was
tested using a Roche friabilator at 25 rpm for 4
minutes, and % friability was calculated.
Disintegration testing determined the time required
for tablets to break down for drug absorption.
Antibacterial activity

The antibacterial activity were estimated using the
agar well technique. Using sterile forceps, the
treated product sample was placed on top of a pure
bacterial culture that had been equally distributed
on petri plates. For 18 to 24 hours, the plates were
incubated at 36 °C,
bacterial growth.
Anthelmintic activity of Herbal extract

The anthelmintic efficacy was tested on Pheretima

which is ideal for

posthuma, an earthworm species withphysiological
similarities to human intestinal worms. And then
worms were exposed to various formulations, and
the time to death and paralysis was recorded. As a
positive control, albendazole was used at the
concentration of 10 mg/ml [17].
Accelerated stability study for Tablet
Accelerated stability studies were conducted for 30
days under controlled temperature and humidity
conditions (25+2°C/60+5% RH and 40+2°C/75+5%
RH) to assess formulation robustness.

2.8 Evaluation of powder blend for pre-

compression parameter
The pre-compression metrics, such as bulk density
and real density, are comparable to
physical qualities. The outputs obtained were really
drift  angles, Ratio, and
Compressibility Index [141.
Evaluation of polyherbal silver nanoparticle 2.9
Tablet
The physical appearance of 20 tablets was assessed
for surface roughness and discoloration. Weight
variation was checked, ensuring deviations stayed
within +5%. Hardness was measured as the stress
needed to break a tablet, while thickness was
evaluated using a Vernier caliper. Friability was
tested using a Roche friabilator at 25 rpm for 4
minutes, and % friability was
Disintegration testing determined the time required
for tablets to break down for drug absorption.

Hausner's Carr's

calculated.

Bull. Pharm. Res. 2025;15(S2)
Antibacterial activity

The antibacterial activity were estimated using
the agar well technique. Using sterile forceps, the
treated product sample was placed on top of a
pure bacterial culture that had been equally
distributed on petri plates. For 18 to 24 hours,
the plates were incubated at 36 °C, which is ideal
for bacterial growth.

Anthelmintic activity of Herbal extract

The anthelmintic tested on
Pheretima posthuma, an earthworm species with
physiological similarities to human intestinal
worms. And then worms were exposed to various
formulations, and the time to death and paralysis
was recorded. As a positive control, albendazole
was used at the concentration of 10 mg/ml [17],
Accelerated stability study for Tablet
Accelerated stability studies were conducted for

efficacy was

30 days under controlled temperature and
humidity conditions (25+2°C/60+5% RH and
40£2°C/75x5% RH) to
robustness.

Statistical analysis

The results were expressed as mean + SEM and
analyzed by one-way ANOVA

assess formulation

. RESULT AND DISCUSSION

Phyto-chemical investigation of Extract

The extracts showed a rich phytochemical profile,
confirming the presence of alkaloids, glycosides,
saponins and tannins, each of them having their
own role in imparting the anthelmintic property.
While Sariva, Bhurjaha, and Prishnaparni lack
tannins, Mayyaku and Medaseka contain all five
compounds. Priyangu is missing flavonoids,
whereas Puskara but has
tannins. Vidarikanda is unique in having all
compounds except tannins. This diverse
phytochemical composition highlights their
medicinal potential in traditional and modern
healing practices.

lacks flavonoids

Characterization of  polyherbal  silver
nanoparticles
SEM image confirmed the uniform size

distribution of nanoparticles, while DLS analysis
indicated excellent stability. The zeta potential
analysis suggested strong repulsive
preventing aggregation

forces
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Fig 3. X-ray diffraction graph of silver

nanoparticles
A colour shift upon visual observation verified the

creation of silver nanoparticles. Within 20 minutes,
. the mixture changed from brownish yellow to dark
;-«'1 brown as a result of surface plasmon resonance
effects and silver nitrate reduction18l.

Fi . Scaning Elecro icrocopy anlysis

of Silver nanoparticles UV Analysis _
Dynamic light scattering and Zeta potential of The UV spectrum confirmed the presence of AgNO
synthesized nanoparticle and key components in the synthesized silver
Fig. 2 depicts DLS particle size distribution nanoparticles, showing a maximum absorption
image of bio-synthesized silver nanoparticles, peak at 275 nm, indicating surface plasmon
AgNPs, and zeta potential of the synthesized resonance.
nanoparticles. The average size was found to be
189.0+2 nm with the zeta potential being - o 08
19.1£0.2 mV. 2 06
(35}
Qo 04
~* 1' ! | 8 0.2
i | 2
< O

200 225 250 275 300 325 350 375 400
Wavelength (nm)

Fig.4. UV Spectra of synthesized nanoparticles
g Optimization of Tablet

Fig 2. Dynamic light scattering Particle size The production of the tablets was based on the
XRD (X-ray diffraction) direct compression technique. The formula for the
X-ray diffraction (XRD) analysis of silver solitary tablet per batch required to prepare 350
nanoparticles was utilized through Philips (PW mg of tablet is given in Table 1 .The optimization
3710) Expert Pro MPD Diffractometer. The was done by using different batches. The F5 batch
sample was prepared by sprinkling it on vacuum was found to be the optimized batch for
grease on a glass slide, forming a 0.5 mm thick formulation.
layer. A Copper target tube was used for Evaluation of silver nanoparticle tablet
radiation, with scanning angles ranging from 20° Among different formulations, batch F5 showed
to 80°. optimal characteristics with hardness (5.2+0.5
XRD kg/cm?), friability (0.75+0.26%), and

disintegration time (10+0.3 min).

Table 2. Evaluation of silver nanoparticle tablet

Sr.No Parameter F1 F2 F3 F4 F5

1 Hardness (Kg/cm?) 1.5+1.0 2.7£1.2 4.0+0.80 4.5+1.0 5.2+0.50

2 Friability (%) 1.5+0.7 1.4+0.4 1.0+ 0.3 1.0+ 0.4 0.75+0.26

3 Weight Variation (mg) 335+5.0 335%6.0 336+ 8.0 337+£8.0 337+7.0

4 Thickness (mm) 178+7.0 180+ 182+7.0 181+ 3.0 180 +5.0

4.0

5 Disintegration time 5+0.1 7+0.1 8+0.5 8.0+ 0.2 10+ 0.30

6. % drug release in 60 65+ 0.21 70+ 63+ 0.17 78+ 0.17 85+0.42
min 0.23
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Antibacterial Activity

Several herbs were examined for their
antibacterial properties against gram-positive
Streptococcus  aureus and  gram-negative

Pseudomonas aeruginosa. With a zone of 0.8 cm
against P. aeruginosa and 0.1 cm against S.
aureus, Krishna Sariva demonstrated very little
inhibition. With inhibition zones of 1.6 cm and
1.5 cm, respectively, Priyangu showed notable
activity. Puskara demonstrated 1.1 cm inhibition
against P. aeruginosa and 1.5 cm inhibition
against S. aureus. Prishnaparni and Mayphal
showed minimal inhibition (0.3 cm) against P.
aeruginosa but no effect on S. aureus. Medaseka
showed 0.1 cm inhibition against P. aeruginosa
and 1.2 cm inhibition against S. aureus.

Fig 5. The antibacterial

activity against
Streptococcus Aureus (gram-positive) a)
Krishna Sariva & Bhurjaha b) Vidarikanda &
Priyangu «¢) Puskara & Mayphal d)
Prishnaparni & Medaseka

Fig. 6. The antibacterial activity against
Pseudomonas aeruginosa (gram Negative) a)

Bull. Pharm. Res. 2025;15(52)

Anthelmintic activity of herbal extract

The anthelmintic activity was tested on Phertima
posthuma due to its similarity to human intestinal
roundworms(?9. At 10 mg/ml, Priyangu and Puskara
paralyzed and killed worms in 78+2 min & 98+2 min,
and 901 min & 130%2 min, respectively. Their
combination showed a synergistic effect, reducing
paralysis and death times to 65+22 min & 85+34 min.
Albendazole, the reference standard, took 180+24 min
& 217+35 min. Polyherbal silver nanoparticles
exhibited superior efficacy, significantly reducing
paralysis and death times. In comparison to
albendazole, the silver nanoparticles exhibits superior
anthelmintic activity

a b c
Fig.7. Anthelmintic activity of test and standard
albendazole against Pheretima Posthuma. a)
Priyangu + Puskara b) Albendazole c) Silver
nanoparticle d) Silver nanoparticle tablet

Accelerated stability study:
A stability study of Formulation F5 was conducted for

30 days in two different conditions: room temperature
(25°C 2°C/RH 60+5%) and accelerated temperature
(40°C 2°C/RH 75%5%). The stability of the poly-
herbal silver nanoparticle tablets was shown in the
results table. Throughout the course of the trial, the

Krishna Sariva & Bhurjaha b) Vidarikanda & tablets maintained their integrity, = mechanical
Prﬁyangu ‘_3) Puskara & Mayphal d) strength, and bioactivity, indicating
Prishnaparni & Medaseka formulation stability.
Table 3. Accelerated stability study

Parameter | 7t day | 15thday | 30t day

Atroom temperature (25°C = 2°C/RH 60 * 5%).

Hardness(Kg/cmz2) 52+0.32 51+0.32 5.2 +0.32

Friability (%) 0.65+0.7 0.40+0.4 0.50+0.3

Disintegration(Minutes) | 10+ 0.5 11+£0.3 10£0.1

At Accelerated temperature (40°C + 2°C/RH 75 + 5%)

Hardness(Kg/cmz2) 5.1+0.32 5.1+0.32 5.2+0.32

Friability(%) 0.50+0.7 0.40+0.4 0.45+ 0.3

Disintegration(Minutes) | 10+ 0.5 11+£0.3 10£0.1
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4. CONCLUSION

discovered that the polyherbal
nanoparticle formulation exhibited superior activity
and stability in comparison to the traditional
albendazole tablets. The research indicates great
potential for improving treatment efficacy by fusing
herbal medicine and nanotechnology. At a
concentration of 10 mg/ml, the earthworms became
sensitive and showed signs of paralysis, which
progressed to death as they lost their ability to move
and responded to outside stimuli. When the results
were contrasted with those of the usual medication
albendazole, it was discovered that the formulation
had superior activity.

It was silver
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ABSTRACT

The herbal topical formulation was developed to combat fungal infection like athlete foot and ring
worm. The ointment was made up of neem o0il, camphor oil and garlic powder in specific
proportion. In testing it was effective against candida albicans the common fungus. The parameter
scanned were pH, viscosity, spreadability and in vitro drug release of formulation. Based on result
the herbal ointment was the formulation to treat fungal infection due to its anti-fungal, anti-

microbial, anti-irritant properties.
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1. INTRODUCTION

Different types of fungi cause fungal
infections. In some cases, fungi that are not
typically found on or inside the body colonize
it and cause an infection. In other instances,
fungi on or inside the body multiply out of
and Fungal

infections are contagious and spread from one

control cause an infection.
person to another [1.2]. In some cases, disease-

causing fungi are transmitted from infected

animals, contaminated soil, or surfaces.Tinea
is the name of a group of diseases caused by a
fungus. These infections occur on the scalp,
arms, legs, and face and are characterized by
ring-shaped, red, scaly patches with clearing
Various types of Tinea
ringworm, athlete's foot, and jock itch. Tinea

centres. include
pedis, or athlete's foot, is a common fungal
infection that affects the foot [38l.Athlete's foot
is commonly associated with sports and
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athletes because the fungus thrives in warm,
moist environments, such as socks, shoes, and
sports equipment. However, anyone can be
affected by athlete's foot [4l. Over-the-counter
creams and powders effectively treat many
tinea infections, particularly athlete's foot and
jock itch. Conventional treatment of fungal
infections involves chronic treatment with
oral antifungal drugs [51.

Herbal compositions have gained a lot of
importance in recent years due to their
minimal or no side effects compared to
synthetic drugs. Many herbal-based creams
and ointments are available for treating fungal
infections [5 ¢l. This research aims to create an
ointment with good consistency, diffusion,

antifungal, and antiseptic qualities using

several ointment bases. Spreadability,
permeability, drug release, homogeneity,
viscosity, diffusivity, stability, and other

physical parameters are assessed to evaluate
the performance of the formulations Clove
(Eugenia caryophyllus) and orange-peel oil for
treating fungal infections such as athlete’s foot
7. A herbal topical formulation containing
neem oil, garlic powder, camphor oil, and
pharmaceutically acceptable excipients for
managing fungal like
infections [7.8].

infections Tinea

2. MATERIAL AND METHOD

Neem oil, garlic powder, camphor oil has
been purchased from the local pharmacy.

2.1 Screening of oils using antimicrobial
activity:

16.5 gm of saubouraud dextrose agar (SDA)
was dissolved in 250 ml of water. The agar
media and all the materials were sterilized in
an autoclave for half an hour. Then, the floor
cleaned using ethanol, and the
antimicrobial activity was performed in a
sterile area. The agar media was poured into
petri plates and allowed to cool and solidify.
On the surface of the agar plates, a Candida
albicans suspension was spreaded using a
spreader. Finally, the neem oil, camphor oil
and suspension of garlic powder was added

was

Bull. Pharm. Res. 2025;15(S2)

to the bore, and it was incubated for 24

hours [3.5],

2.2 Screening of ratio of oils using
antimicrobial activity:

Formulation with different ratios of neem oil,
garlic powder and camphor oil were prepared,
and the optimized formulation was selected
based on zone of Inhibition as indicated in Table

1,2,3.
Table 1: Ratio of oils incorporated in the
formulation
Batch Ratio (Garlic:Camphor:Neem)
F1 1:1:0.5
F2 2:2:1
F3 2:1:1
F4 1:3:1
Table 2: Quantity of oils incorporated in
base
Batches Neem Camphor Garlic
B1 0.25 ml 0.75 ml 0.25 ml
B2 0.5 ml 1.5 ml 0.5 ml
B3 0.75 ml 2.25 ml 0.75 ml
B4 1 ml 3 ml 1 ml

2.3 Method Preparation of Herbal Topical

Formulation:

The herbal topical formulation by fusion of
melting method. 0.5 gm of hard paraffin, 8.5 gm
of soft paraffin (Vaseline), 0.5 gm of Wool fat
(Lanoline) and 0.5 gm of Cetostearyl alcohol (1-
hexadecanol) was melted in decreasing order of
their melting point. Neem oil, garlic powder and
camphor oil were added in the ratio 1:1:3 to the
molten base. Stir the formulation thoroughly
until it cools down and homogeneous product is
obtained as ointment [8l.

Table 3: Composition of base

Formula Quantity Property
Hard Paraffin 0.5gm | Thickening agent
White Soft 8.5 gm Lubricating
Paraffin agent, Diluent
(Vaseline)

Wool Fats 0.5 gm Enhance

(Lanoline) Absorption,
Carrier

Cetostearyl 0.5 gm Emulsifier

alcohol

(1-hexadecanol)
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the ointment was evenly spread. Then it was

2.4 Physical Evaluation of Herbal Topical stirred using a magnetic stirrer for 8 hours.
Ointment: The desired solution was poured into an SDA
Consistency and Appearance: petri plate every hour for up to 6 hours [14 151,
The consistency and appearance was
observed visually for the solution. 3. RESULTS AND DISCUSSION
pH: All three oils showed antifungal activity against
About 1 g of the sample is mixed with 9 ml of Candida albicans (Table 4). Based on the zone of
distilled water to prepare a 10% solution, it inhibition results in Table 5 below, Formulation
was stirred for uniformity. A pH electrode is (F4) is Neem oil, Garlic powder, and camphor oil
inserted into the solution, and once the in the ratio 1:1:3.
reading stabilizes, the pH value is recorded Table 4: Zone of Inhibition of each oil and
9,101, the mixture
Viscosity: Oils Zone of
A specific amount (50-100 ml) of the sample Inhibition(cm)
is placed in a beaker and left to stand to Azadirachta indica 2.08+0.20
. . . Allium sativum powder | 2.3 +0.33
remove air bubbles. The correct spindle is
. . Cinnamomum 3.0+£0.32
selected and immersed in the sample camphora
without touching the bottom. The 0il mixure 3.4 +0.18
viscometer is set to a specific speed (e.g., 10,
20, or 50 rpm), and once the reading Table 5: Zone of inhibition combined oils
stabilizes, the viscosity is recorded [111. in different ratios
Spreadability: Batch Ratio Zone of
A small sample (about 1 g) is placed between (Garlic: Inhibition(cm)
two glass slides. A standard weight (e.g., 100 Campbhor:
g) is applied for 1-2 minutes to allow the Neem)
formulation to spread. After removing the F1 1:1:0.5 2.72+0.22
weight, the spreaded area is measured using F2 2:2:1 312+£0.18
a scale or Vernier calliper. The diameter of F3 2:1:1 293 +0.17
F4 1:3:1 3.34+0.23

the spread is recorded, and spreadability is

i ifi [12,13]
calculated using a specific formula ' Physical Evaluation of Herbal Topical

S=MxL/T N Ointment:
S = Spreadability (g cm/sec) Table 6: Physical Evaluation of Herbal
M = Applied weight (g) Topical Ointment

L = Spreaded diameter (cm)

T = Time taken (sec). Sr.No | Formulation | Consistency | Appearance
The test was repeated three times, and the 1 Bl Greasy Yellowish
average spreadability value was calculated 2 B2 Greasy Yellowish
to ensure accuracy. 3 B3 Greasy Yellowish
4 B4 Greasy Yellowish

In Vitro Drug Release Study
A phosphate buffer solution was prepared
by adding 3.5 g of potassium diphosphate

All four batches showed greasy appearance
with yellowish colour (table 6).

and 8.75 g of disodium hydrogen phosphate. Table 7: pH value of different batches
After mixing, a skin pH (4.1 - 5.8) buffer was Batches | B1 B2 B3 B4
obtained. A cellophane membrane was pH 4.7+ 0.41 5.0+0.16 |55+ 024 |58+
placed on the Franz diffusion apparatus, and 0.26
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All four batches had pH in the range of skin pH
thus did not cause irritation to the skin when
applied (Table 7).

Table 8: Spreadability of different

Batches
Srno | Formulation | Spreadability (gm.cm/s)
1 B1 10.7+0.12
2 B2 11+ 0.17
3 B3 11.53+ 0.22

All 3 batches showed good spreading ability
indicating greater patient compliance (Table 8).

Table 9: Viscosity of different batches

Bull. Pharm. Res. 2025;15(S2)

Table 11: In vitro drug release study

Time 1 2 3 4 5 6 7
(Hr)
Zone | 152 | 142 | 1.27 | 0.81 | 0.61 | 042 | 0.3
of 3+ | 1% | 3% | 2% 3 4+ | 18%
Inhibi | 023 | 0.31 | 0.20 | 0.42 + 030 | 02
tion 0.32 7
(cm)

Srno | RPM B1 B2 B3
1 20 4990 - 5110 - 5220 -
5200 cps | 5980 cps | 6000cps
2 30 4010 - 3219 - 3413 -
5343 cps | 3980 cps 4230
cps

All 3 batches showed viscosity in the range 3600 to
6000 cps indicating good consistency (Table 9).

Table 10: Antimicrobial activity of

different batches
Batch | Neem | Camphor | Garlic | Zone of
inhibition

(cm)

B1 0.25 0.75 ml 0.25 1.450+
ml ml 0.165

B2 0.5 1.5 ml 0.5 ml 1.650+
ml 0.187

B3 0.75 2.25ml 0.75 1.675%
ml ml 0.194

B4 1ml 3ml 1 ml 1.575+
0.177

The results in Table 10 show that Batch B3 shows
the maximum zone of inhibition. Batch B3 was
further evaluated for an in vitro drug release
study, and the results are depicted in Table 11 and
Figure 1.

Figure 1: Antimicrobial activity of
optimized formulations at different
time intervals

3.1 DISCUSSION

The results of this study highlight the potential of
herbal topical formulation containing neem oil,
garlic powder, and camphor oil in treating fungal
infections, particularly Tinea infections such as
athlete’s foot and ringworm. The zone of
inhibition analysis confirmed the antimicrobial
efficacy of the formulation, with the optimized
ratio of 1:3:1 (Garlicc Camphor: Neem)
demonstrating the largest inhibition zone (3.34 +
0.23 cm) among the tested formulations. This
suggests a synergistic effect of the selected herbal
ingredientsl16l,

Neem oil (Azadirachta indica), known for its
antifungal and anti-inflammatory properties,
exhibited a zone of inhibition of 2.08 + 0.20
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cm when tested individually. Garlic powder
(Allium  sativum), with its
antimicrobial activity due to allicin content,
showed a slightly higher inhibition zone of

2.3 £ 0.33 cm. Camphor oil (Cinnamomum
camphora)  demonstrated the  most
significant antifungal activity individually,
with a 3.0 £ 0.32 cm inhibition zone.
Combining these three oils further enhanced
antimicrobial activity, achieving a 3.4 + 0.18
cm inhibition zone, which is greater than the

known

individual effects, indicating possible
synergism.
Physical evaluation of the ointment

formulation revealed consistent spreadability,
viscosity, and pH levels within an acceptable
rangel12l. The spreadability values ranged from
10.7 to 11.53 g cm/s, ensuring practical
application on the skin. The pH values (4.7 -
5.8) were within the physiological skin pH
range, minimizing potential irritation. The
viscosity analysis showed that Batch B3
exhibited optimal consistency, balancing ease
of application with sufficient adherence to the
skin[9l.

The in vitro drug release study confirmed
the sustained antimicrobial activity of the
formulation, with a gradual decrease in
inhibition zone over 8 hours, suggesting
prolonged retention and controlled release
of active ingredients [8l. This is advantageous
compared to synthetic
antifungal creams, which may require
frequent application [7],

Overall, the results demonstrate that the
herbal ointment formulation is a promising
natural  alternative to  conventional
antifungal Unlike systemic
antifungal medications, which have potential
side effects and resistance issues, this topical
herbal formulation provides a localized,
effective, and safer treatment option.
Further in vivo studies and clinical trials are
recommended to validate its long-term
efficacy, safety, and therapeutic potential in
human subjects.

conventional

treatments.

Bull. Pharm. Res. 2025;15(S2)

4. CONCLUSION

This study successfully formulated and
evaluated a herbal topical ointment containing
neem oil, garlic powder, and camphor oil to
treat fungal infections such as athlete’s foot
and ringworm. The optimized formulation
(1:3:1 ratio of Garlic: Camphor: Neem)
exhibited significant antifungal and
antimicrobial activity, as demonstrated by the
highest zone of inhibition (3.34 + 0.23 cm)
against Candida albicans. The physical and
rheological evaluations confirmed that the
formulation had optimal pH (4.7-5.8),
spreadability (10.7-11.53 g cm/s), and
viscosity, ensuring practical application and
skin compatibility. Additionally, in vitro drug
release sustained

studies indicated

antimicrobial activity over 8 hours,
highlighting its potential for prolonged

therapeutic action.
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ABSTRACT

Catunaregum spinosa is commonly known with various names such as Mainphal, Mindhal etc. and is a
highly reputed Ayurvedic medicinal tree. It is a known fact that the flavonoids, monoterpenoids,
triterpenoids, iridoid glycosides, and phenolic compounds of Plantago species possess
immunomodulatory activity. Catunaregam spinosa possesses such phytoconstituents and is an armed
shrub or small tree that belongs to the Rubiaceae family. The root of Catunaregam spinosa (Thunb.)
Tirveng obtained from the hilly regions of Kerala, India. These bioactive compounds are believed to
contribute to the plant's diverse medicinal properties, including its potential immunomodulatory
activity. Studies have highlighted the anti-arthritic and anti-cancer activities of Catunaregam spinosa.
However, it is to be noted that limited research has been conducted to comprehensively evaluate its
immunomodulatory properties. This study aims to explore the immunomodulatory activity of
Catunaregam spinosa extract using experimental animal models. It is achieved by inducing
immunosuppression and subsequently administering the plant extract and we seek to assess its effects
on various immune parameters and cytokine levels. The objective of the research was to prepare the
ethanolic extract of the plant Catunaregam spinosa (Thunb.) Tirveng, to carry out preliminary
phytochemical screening and to screen the in vivo immunomodulatory activity by two methods:
Haemagglutination antibody (HA) titer and Delayed hypersensitivity (DTH) response. Preliminary
phytochemical screening of the root bark extract of Catunaregum spinosa showed the presence of
components viz. alkaloids, steroids, triterpenoids, flavonoids, saponins, and proteins. In vivo analysis
showed increased DTH and HA titer values. The interpretation of the results was done by one-way
ANOVA and followed by Tukey’s multiple comparison method. From this study, it is concluded that the
Catunaregum spinosa root bark extract possesses immunomodulatory activity.

Keywords: Catunaregum spinosa, DTH, HA titer.
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1. INTRODUCTION medicinal plants that are biologically active and
could be useful in the development of new
immunomodulating agents[1.0f late, it has been
learnt that vulnerable response

‘Immunomodulation’ refers to a process which
can alter an organism's immune system. Here,
we are trying to find out whether the
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immunomodulation may offer a volition to
traditional chemotherapy for a variety of
complaint conditions. It becomes even more
important, particularly when the host's defense
medium needs to be actuated in the presence of
disabled vulnerable responsiveness. Especially,
when a specific immunosuppressant is required
to be convinced during autoimmune diseases
and organ transplantationl2l. Catunaregam
spinosa (Thunb.) belongs to the family
Rubiaceae. In general, it is known as Gedhpal or
Emetic nut. About the traditional Indian system of
medicine, one can be boastful of its long history of
use. However, it lacked adequate scientific
documentation, particularly in light of modern
scientific knowledge 3.

. MATERIALS AND METHODS
2.1 Selection of Animals
Fourty five healthy male Wistar albino rats
weighing between 150-170g were purchased
from Nagarjuna Ayurvedic centre, Thodupuzha
maintained in Animal house, University College
of Pharmacy,
Ettumanoor, Kottayam. The animals were
housed in polypropylene cages in room where
the congenial temperature 27+1°C, 30-60 %
relative humidity and 12 hours light and dark
cycles were maintained. The animals were
allowed to acclimatize to the environment as 7
groups for 14 days. They were fed on standard
pellet diet collected from Hindustan Lever
Limited, Bangalore and water given ad libitum.
All procedures and experiments were
conducted in day time according to specification
of the Indian National Science Academy (INSA).
The experiment was approved by Institutional
Animal Ethical Committee University College of
Pharmacy, Cheruvandoor with IAEC number:
(005/MPH/UCP/CVR/14).

2.2 IN VIVO STUDIES

1) HAEMAGGLUTINATION ANTIBODY

(HA) TITER

The rats were divided into seven groups,
consisting of six creatures each. Rat in group I
entered the vehicle for only 21 days. Group II
received a single dose of cyclophosphamide
(Negative Control) 100 mg/ kg, p.o. on the 9th and
16th day. Rats in treatment group Il and IV were

Cheruvandoor campus,
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given EECS (100 mg/kg/day/p.o) and EECS(
200 mg/kg/day/p.o.) daily for 21 days
independently Immunosuppressed creatures in
groups V and VI were given EECS (100
mg/kg/day/p.o) and EECS( 200
mg/kg/day/p.o.) plus cyclophosphamide( 100
mg/kg/p.o.) on 9th and 16th day as a single cure
independently. Group VII received the standard
medicine levamisole (50 mg/kg/p.0.) as an
established immunostimulant agent for 21 days.
On the 7th and 14th day of the study, rats from
all the groups (i.e, group I to VII[) were
immunized and challenged independently, with
SRBCs in normal saline (0.1 ml of 20 SRBCs)
intraperitoneally. Blood was withdrawn on the
14th and 21st day from the retro-orbital
supersystem under mild ether anesthesia from
all antigenically acclimatized and challenged
rats independently. Blood was centrifuged to
gain serum; normal saline was used as a diluent,
and the SRBC count was adjusted to 0.1 of SRBCs.
Each well of a microtiter plate was filled
originally with 20 pl of saline, and 20 pl of serum
was mixed in the first well of the microtiter
plate. latterly, the 20 ul adulterated serum was
removed from the first well and added to the
next well to get twofold dilutions of the
antibodies present in the serum. farther twofold
dilutions of this adulterated serum were also
carried out till the last well of the alternate row
(24th well), so that the antibody concentration
of any of the dilutions is half of the former
dilution. 20 ul SRBC (0.1 of SRBCs) were added
to each of these dilutions and the plates were
incubated at 37 °C for one hour and also
observed for hemagglutination. The loftiest
dilution giving haemagglutination was taken as
the antibody titer . The antibody titers were
expressed in the canted manner, the minimal
dilution (1/2) being ranked as 1, and the mean
species of different groups were compared for
statistical significance. Antibody titer attained
on the 14th day after immunization (on the 7th
day) and on the 21st day after the challenge (on
the 14th day) with SRBCs were considered as
primary and secondary humoral responses
independently!12l.
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2) DELAYED TYPE
HYPERSENSITIVITY(DTH) RESPONSE:

The medicine treatment was the same as
described over for the HA titer . On the 14th day
of the study, all the groups I to VII were
immunized with SRBCs (0.1 ml of 20 SRBCs i.p.)
in normal saline. On day 21st, all creatures from
all the groups were challenged with 0.03 ml of
20 SRBCs in the subplantar region of right hind
hind footpad was measured using a vernier
calliper. The footpad response was expressed as
the difference in the consistency (mm)between

. RESULTS AND DISCUSSION

HAEMAGGLUTINATION ANTIBODY TITER
(HA)

HA titer value significantly increased in animals
treated with high-dose EECS. Low-dose and
high-dose extracts of Catunaregum spinosa
counteract the suppression of both primary and

secondary humoral responses induced by
cyclophosphamide. These  results  were
tabulated below. The in direct

haemagglutination test was performed to

Bull. Pharm. Res. 2025;15(S2)

paw. Footpad oedema in rats was used for the
discovery of the cellular vulnerable response.
On the 21st day, injection of 0.1 ml of 20 SRBCs
in the subplantar region of the right hind paw in
the volume of 0.03 ml and normal saline in the
left hind paw in the same volume. Footpad
response was assessed after 24 hr. On 22nd day,
in terms of an increase in the consistency of the
footpad as a result of an acuity response due to
oedema, the consistency of the right
the right footpad fitted with SRBC and the left
footpad fitted with normal saline [121.

confirm the effect of Catunaregum spinose
extract on the humoral immune system. This
plant extract is significantly composed of
interacting B cells and they can subsequently be
proliferating and differentiating into antibody
producing cells. This will bind with antigens and
neutralizing it or facilitating itselimination
phagocytic cells. The results showed that levels
of circulating antibodies are increased if the test
animals are pretreated with Catunaregum
spinosa extract

Table 1: Effect of Catunaregum spinosa on humoral immune response in rats

GROUPS TREATMENT HA TITER HA TITER
1°(14thday) 2 °(21stday)
| Control 5.23+0.76 4.98+0.45
II Cyclophosphamide(100mg/kg) 2.85+1.02* 3.36+0.90*
I11 EECS (100mg/kg) 14.30+£0.54 16.50+1.05*
I\Y% EECS (200mg/kg) 18.7+0.95"* 28.66+0.11
v EECS (100mg/kg) + 12.54+0.43 14.33+0.61
cyclophosphamid
VI EECS (200mg/kg) + cyclo 16.82+0.7a 26.86+1.22a
VII Levamisole 32.1+1.23" 41.3+0.68**

EECS: Ethanolic extract of Catunaregum spinosa

HA TITER : Values plotted were the Mean * SEM (n=6) .

*p<0.05, "p<0.01, **p<0.001, when compared with control

ap<(.05, br<(.01, ¢p<0.001, when compared with standard

Statistically analysed by one way followed by Tukey-Kramer multiple comparison test.
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Figure 1 : Effect of C. spinosa on humoral immune response in rats

EECS showed a significant increase in HA titer value, which is represented in (Figure 1.)
Values plotted were the Mean + SEM (n=6).
“p<0.05, "p<0.01, **p<0.001, when compared with normal control
ap<(0.05, br<0.01, ¢p<0.001, when compared with CP control
Statistically analyzed by one-way ANOVA followed by Tukey-Kramer multiple comparison test.

Effect of Catunaregum spinosa on humoral immune response in rats

Figure 2: Effect of Catunaregum spinosa on Humoral immune response
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1) DELAYED TYPE HYPERSENSITIVITY (DTH) RESPONSE

DTH response was significantly increased in
rats treated with EECS. The extract-treated
groups counteracted the suppression caused
by cyclophosphamide. The results are
tabulated and expressed as follows. DTH
requires the specific recognition of a given

antigen by activated T lymphocytes, which
subsequently  proliferate  and  release
cytokines. Therefore, an increase in DTH
reaction rats response to T-cell
dependent antigen revealed the stimulatory
effect of the extracton T cells.

in in

Table 2: Effect of C. spinosa on DTH in rats

GROUPS TREATMENT FOOT PAD THICKNESS (mm)
| Control 0.43+0.032
11 Cyclophosphamide(100mg/kg) 0.315+0.11**
111 EECS (100mg/kg) 1.625+0.04***
I\ EECS (200mg/kg) 2.275+0.006***
\' EECS (100mg/kg + cyclo) 1.560+1.2032
VI EECS (200 mg/kg + cyclo) 2.10£0.0072
VII Levamisole(50mg/kg) 3.29+1.302%**

EECS: Ethanolic extract of Catunaregum spinosa
Values plotted were the Mean + SEM (n=6).
“p<0.05, "p<0.01, **p<0.001, when compared with normal control
ap<(0.05, br<0.01, ¢p<0.001, when compared with CP control
Statistically analysed by one-way analysis followed by Tukey-Kramer multiple comparison test.
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Figure 3: Effect of C.spinosa on DTH in rats

EECS showed a significant increase in DTH response, which is represented ( Figure 3)
Values plotted were the Mean = SEM (n=6).

“p<0.05, "p<0.01, **p<0.001, when compared with normal control
ap<(.05, br<(.01, ¢p<0.001, when compared with CP control
Statistically analyzed by one-way ANOVA followed by Tukey-Kramer multiple comparison test.
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4. CONCLUSION

In haemagglutination antibody titer response,

low-dose  and  high-dose  extracts  of
Catunaregum spinosa counteract the
suppression of both primary and secondary
humoral responses induced by

cyclophosphamide. This test confirms the
stimulant humoral-mediated
immune response. High dose extracts showed
remarkable augmentation in DTH response,

activity on
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ABSTRACT

Food-drug interactions alter the pharmacokinetics of cardiovascular medications which impact the drug
efficacy and safety. This review examines the food effect on cardiovascular drugs. Bioavailability of ACE
inhibitors and hydralazine reduced when taken with food requiring their intake on an empty stomach.
Beta-blockers demonstrate variable food effects with lipophilic agents like propranolol experiencing
enhanced absorption and hydrophilic agents like atenolol showing reduced uptake with certain juices.
Calcium-channel blockers and diuretics display altered pharmacokinetics depending on food
consumption while anticoagulant and antiplatelet agents show specific interactions with dietary
components such as vitamin k and cranberry juice. These interactions enable optimized dosing
strategies by enhancing therapeutic outcomes and minimizing the adverse events by patient-specific
guidance.
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LINTRODUCTION

A food-drug interaction occurs when a food or
herbal supplement that interferes the effect of a
drug that increase, diminishes or modify its
intended action. Lack of knowledge about the
ingredient in a particular food item leads to this
food-drug interactions. Effect of Food-Drug
interaction  usually causes changes in
pharmacokinetic and pharmacodynamics
properties of the drug [11.0n the other hand, with
the change in century, CVDs has become the
predominant cause of around 60% of total
deaths(2l. Alarmingly, India bears a
disproportionate  burden  of  CVD-related
mortality, accounting for a staging one-fifth of
global deaths, with a disturbing trend of
increasing prevalence among the younger
population, as reported by the World Health
Organization (WHO) Bl. In India, CAD is known to
have highest rates. The prevalence has exhibited
significant variability in past few years, with rural
areas reporting rates between 1.6% to 7.4%, and
urban areas showing a wider range of 1% to
13.2% 4. Moreover, Hypertension (HTN) or
increased blood pressure, reported as the third
primary contributor to the burden of disease on
South Asia as reported in 2010 and its prevalence
is significantly high in India, affecting
approximately 33% of the urban population and
25% of the rural population [5I. Internationally
recognized guidelines recommended the use of
cardiovascular drugs, including renin-angiotensin
system inhibitors, calcium-channel blockers,
diuretics, beta-blockers, antithrombotic agents,
and lipid-lowering therapies, as first-line
treatment for the primary and secondary
prevention of CVD [6] .Optimal management of
hypertension can be  achieved  when
antihypertensive medications are complemented
by dietary modificationl7l.

Bull. Pharm. Res. 2025;15(S2)

Literature Search:

A literature survey using PubMed, Scopus, Web of
Science and Google Scholar databases was
conducted to find studies related to
cardiovascular drugs with their food interactions.
The search strategy utilized a combination of
keywords and Medical Subject Headings (Mesh)
terms like “Cardiovascular drugs”, “Food-Drug
Interaction”, “Antihypertensives”,
“Pharmacokinetics”, “Effect of Food”, “food”,
“Influence of food”, “diuretics”, “antiplatelets”,
“anticoagulants” and “angiotensin-1 converting
enzyme”. References of the food articles were
manually searched to ensure complete coverage
of eligible studies.

Eligibility Criteria:

This review encompassed human and animal
studies with study designs such as randomized
controlled trials, observational studies, review
articles and case reports publications in English
were only chosen for inclusion which assessed
food-drug interactions with cardiovascular drugs
like antihypertensive, anticoagulants and
antiplatelet agents. Studies were required to
provide clear clinical outcomes or mechanistic
insights related to food-drug interactions.

Exclusion criteria were studies focused on non-
cardiovascular drugs or in vitro studies research,
abstracts without full article access. Studies
lacking specific data on food-drug interactions or
without clinical relevance were also excluded.

Study Selection:

After the initial search, duplicate records were
removed. A screening of the titles and abstracts of
all retrieved articles was conducted. Eligible full
texts articles were then assessed for inclusion
based on predefined criteria.

Data Extraction and Synthesis:
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A standardized data extraction was conducted to
systematically collect information across all
relevant variables ensuring consistency and
reliability throughout the process:

e C(Cardiovascular drug(s) involved

e Food item(s) implicated in interaction

e Type of interaction
(pharmacokinetic/pharmacodynamic)
e (linical significance and outcomes

reported

Database Search (420)
+ Other Source (30)

Bull. Pharm. Res. 2025;15(S2)

Subsequently, a qualitative synthesis was

conducted to consolidate the identified food-drug

interactions exploring  their underlying
mechanisms and highlight their clinical
relevance. Where possible, interaction

management strategies were also highlighted.
The study selection process was performed using
PRISMA style (Fig 1).

Identification

« Non-cardiovascular

« Not food-drug

drugs (n=70)

interaction (n=12)

« Communication letters

In vitro studies (n=14)

and comments (n=28)
Non-English
publications (n=211)
No-full text access
publications (n= 31)

Fig 1. PRISMA Flow diagram

Records screened
(n=450)

Excluded I
= >
£
o
o 4
& Screened (368)

Excluded

» Full-text assessed (84)
Included
Final studies included
(n=46)
Cardiovascular drugs

Understanding the CYP450 enzyme system’s role
in metabolizing cardiovascular medications
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allows clinicians to predict and mitigate potential
drug interactions, informing more -effective
treatment approaches [8l. The physiochemical
properties of a drug are important in determining
its potential for food-drug interactions. Notably,
drugs having similar therapeutic class or
variations in drug formulations can result in
distinct chemical properties, leading to varying
food-drug interaction profiles [l Propranolol
(beta-blocker), dietary factor such as protein

Bull. Pharm. Res. 2025;15(S2)

investigations have explored the potential food-
drug interaction
(anticoagulant) and cranberry juice, resulting in
higher International Normalized Ratio (INR)I10l.
Grapefruit which contains Furanocoumarins, had
primary effect on intestinal CYP3A system’s
metabolism of calcium channel blockers (CCB)
exhibit significant variability among individual
drug of this class, resulting in differing effects of
their absolute bioavailabilityllll. This review

between Warfarin

intake can significantly impact the focuses on all the Food-Drug  interaction
pharmacokinetic of the drug and alterations in involving all the classes of CVS.
carbohydrate and protein consumption can
influence oral clearance. Also, numerous
Table 1: Food-Drug interaction of Cardiovascular drugs:
Drugs Food Mechanism of action Management
A) ACE inhibitors
Captopril [1.11] Potassium-rich | Decreases bioavailability | Increases absorption when

diet by 42-56%.

taken on an empty stomach,
should be taken an hour before
the meal.

Perindopril [1.11] Potassium-rich

Decreases bioavailability | Absorption

increases when

diet by 35%. taken on an empty stomach.
Take an hour before the meal.
B) Beta-blockers
Propranolol [1.13] Protein rich | Increases  propranolol | Should be taken in consistent
diet level and bioavailability. | manner with relation to meals

to avoid fluctuations in drug
concentration.

Celiprolol [1.12]

Orange juice.

Lead to inhibition of
intestinal absorption. It
also lowered the AUC by
83%.

Take orange juice and Celiprolol
separately.

Atenolol [1214]

Orange juice.

It interferes with the
gastrointestinal
absorption of atenolol
which decreases mean
Cmax and AUC by 49%

Take orange juice and Atenolol
separately.
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and 40% respectively.

Labetalo] [15]

Food.

Food increases the
bioavailability of
Labetalol by minimizing
its first-pass effect.

A regular dosing schedule is
recommended to reduce
alterations in drug
bioavailability.

C) Calcium-channel bloc

kers

Nifedipine [11]

High fat diet

Bioavailability is
enhanced by 29-31%,
resulting in a
pronounced increase in
its  blood pressure-
lowering effect.

Avoid taking with high fat diet.

Felodipine [11,13,16]

Grapefruit
juice.

Inhibition of first-pass
metabolism boosts
felodipine bioavailability
by 284%, doubling its
impact on blood
pressure and  heart
rate.!l It can also cause
toxicity of felodipine.

Avoid taking with grapefruit
juice.

Seville/bitter
orange juice.

76% increase in the
plasma concentration-
time curve.

Avoid taking with Seville/bitter
orange juice.

Amlodipine [17]

Grapefruit
juice.

The plasma
concentration, AUC,
Cmax was increased.

Avoid taking with grapefruit
juice.

Diltiazem (18]

Grapefruit
juice.

The systolic and
diastolic blood pressure
is decreased. Also, there
is significant increase in
systemic exposure.

It should be taken before meal.

D) Diuretics

Hydrochlorothiazide [19]

Vitamin A.

Develop severe
hypercalcemia with
calcium and vitamin D
supplement.

use of
and

Avoid simultaneous
hydrochlorothiazide
vitamin A.

Furosemide [20]

Heavy meal.

The bioavailability of is
reduced approximately
by 30% and also

Administer on empty stomach.
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decreases the diuretic
effect.

Spironolactone [11.13]

Potassium rich

The risk of hyperkalemia

It is best not to take

food: banana, | with adverse effects like | spironolactone with potassium
green leafy | cardiac arrhythmia can | supplement or salt substitute.
vegetables. be increased.
E) Vasodilators
Hydralazine [11] Meals. The intravascular | Should be taken at a fixed time
conversion of | with respect to meals as
hydralazine-to- suggested by the vasodepressor
hydralazine pyruvic acid | response.
hydrazone  can be
increased. Fluctuations
in bioavailability and
drug effect is also seen.
F) Anticoagulant agents
Bishydroxycoumarin 851 | Vitamin K. Promotes blood clotting | Should not be taken with
and also increase in | vitamin K rich food.
vitamin K levels.
Acenocoumarol (35 Vitamin K. Increases vitamin K | Avoid taking with vitamin K.
levels in the body.
Warfarin [36] Cranberry Increases INR. Avoid taking cranberry juice
juice. with warfarin.
G) Antiplatelet agents
Aspirin [37] Food. Decreases  absorption | Aspirin should be avoided with
and plasma peak | food.
concentration.
Clopidogrel (38 Food. Increases Cmax and AUC | Should be taken with food.

by 6.1 and 9.2 times
respectively.
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Foods/Nutrients/Fruits

Orange juice Grapefruit juice ’ High-fat meall lHea\‘_\' menll l Vitamin A [ |Potassium rich foods
: Increase toxicity Ahers BP control Plasma Increase Decrease Risk of Risk of
Reduces absorption . . S R A s e 2 s
risk concemtrations  Bioavailability Bioavailability (30%)  hypercalcemia hyperkalemia
l l !
Atenolol Verapamil Diltiazem Amlodipine Nifedipine Furosemide Hydrochlorothiazide  Spironolactone

Fig. 1. Cardiovascular drugs and food interactions affecting pharmacokinetics and pharmacodynamics parameters

Figure 2. This figure illustrates how different food, nutrients and food influence the
pharmacokinetic and pharmacodynamics of cardiovascular drugs, potentially altering their
effectiveness and safety.

ACE Inhibitors :-

The absorption of these class drugs is maximally
impacted by the presence of food. The
absorption of ACE inhibitors is enhanced when
administered on an empty stomach while the
bioavailability of certain drugs like captopril is
decreased by 30 to 56% when taken with food as
documented in early human pharmacokinetic
trials and perindopril is reduced by 35% [21],

This is attributed to the drug’s physicochemical
properties which limit its diffusion when gastric
contents are present. Enalapril, a prodrug, is less
sensitive to food but still shows a minor delay in
absorptioni2zl. Hyperkalemia is a common
complication associated with ACE inhibitors
therapy, and its risk can be exacerbated by
consuming potassium-rich food or salt [11.22]

Beta-Blockers :-

Lipophilic beta-blockers such as Propranolol,
when taken with protein rich food increases the
bioavailability likely due to delayed gastric
emptying and enhanced splanchnic blood flow.

Intake of soyabean oil and fatty acids significantly
decreased the BA of propranolol [231. Additionally,
glucose intake dramatically decreased the hepatic
uptake of propranolol and CYP450 content
resulting in lower plasma concentration and
inhibited metabolism to its main metabolite,
beta-naphthoxylactic acid (24,

In contrast, hydrophilic beta-blockers like
atenolol shows moderately affected absorption
by certain fruit juices. For instance, orange juice
has been shown to interfere with the
gastrointestinal absorption of atenolol potentially
reducing its efficacy [251. The bioavailability of
bevantolol remains unaffected by food intake [26l.
The food presence slightly reduces the
absorption and Cmax of acebutolol and its
primary metabolite, diacetolol, although this
effect is not clinically significant[27].

Calcium-Channel Blockers :-

Taking Nifedipine tablets with food minimizes
the potential for side effects from peak plasma
concentrations without decreasing the efficacy of
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the drug. A sustained-release formulations of
Nifedipine have been shown to increase serum
levels, resulting in a more consistent therapeutic
effect. A grapefruit with felodipine alter its
toxicity [13 28l In rat model, the BA is about 45-
58% with first-pass metabolism. Since food can
alter gastrointestinal transit and enzyme activity,
it may affect its BA [29].

Diuretics :-

The BA of furosemide decreases by 16-45% when
taken with food is linked with diminished diuretic
effect. Consuming potassium-sparing diuretics
with a potassium-rich diet (bananas and
spinach), increases the risk of developing
hyperkalemia B0 Food intake can enhance the
absorption of Hydrochlorothiazide (HCTZ), a
study demonstrated that the urinary recovery of
HCTZ increases with meals therefore improve its
therapeutic effect 311,

Vasodilators :-

Food reduces hydralazine absorption
significantly decreasing blood hydralazine levels
and attenuated its antihypertensive response in
humans suggesting being taken on empty
stomach for optimal BA 13233], Making dogs as a
reliable model for studying found the lowered
hydralazine BA similar to the effect observed in

humans 341,

Anticoagulant agents :-

Oral Anticoagulants mostly shows interaction
with vitamin k rich food. Bishydroxycoumarin
and Acenocoumarol when taken with vitamin k
promotes clotting in the body with increase in
vitamin k levels B5. Warfarin most used
Anticoagulant when interacts with cranberry
juice, it increases the INR ratio. Some case reports
of warfarin and cranberry juice interaction have
been reported in which INR ratio was elevated

Bull. Pharm. Res. 2025;15(S2)

when taking cranberry juice while on warfarin
therapy for atrial fibrillation [36l.

Antiplatelet agents :-

Food intake can delay aspirin absorption and
reduce peak plasma concentration, but overall
bioavailability remains unaffected in
humansB371.The Cmax and AUC of clopidogrel is
increased by 6.1 times and 9.2 times in the
presence of food B8LIn contrast, in fed state,
absorption or plasma concentration did not alter
compared to fasting condition suggests that drug
can be taken with or without food without
affecting its therapeutic efficacy B9.The study
found that food intake had minimal effect on
ticagrelor’'s pharmacokinetics with a slight
increase in AUC and a small decrease in Cmax of
active metabolite, but these changes were not
clinically significant (401,

Population-Specific Risks and Clinical
Implications of Food-Drug Interactions in
Cardiovascular therapy

Geriatric population

The risk of food-drug interactions varies
significantly across specific patient populations.
Elderly individuals are at heightened risk due to
altered gastric pH, delayed gastric emptying and
diminished hepatic metabolism which enhance
susceptibility to pharmacokinetic interactions 41,
For example, food-induced changes in drug
absorption can cause significant variability in
antihypertensive and anticoagulant responses in
other adults.

Comorbidity-Driven Interactions & Monitoring
Drug Efficacy

Patients with underlying comorbidities such as
chronic kidney disease or heart failure face are in
greater risk when taking potassium-rich foods in
addition to ACE inhibitors or potassium-sparing
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diuretics increasing risk of hyperkalemia risk [421.
Food-drug interactions may worsen electrolyte
imbalance with impaired renal excretion as a
consequence. Routine drug level and clinical
response monitoring is important when initiating
or changing cardiovascular = medications.
Hydralazine, essential to administer on empty
stomach as food reduces its BA affecting its
therapeutical optimal effect [331.

Nutritional Status Risks

Malnourished or underweight individuals are
vulnerable because low serum albumin levels
alter the binding of highly protein-bound drugs
like warfarin, amplifying free drug levels and
enhancing bleeding risk especially when dietary
vitamin Kk intake is variable- [35.431,

Dietary Restrictions

Patient on specific diets such as high-fat or
ketogenic diets may experience altered drug
bioavailability [4. For instance, propranolol
absorption is enhanced by high-fat meals due to
increased splanchnic blood flow potentially
leading to exaggerated beta-blockade effects.

Gestational Considerations

Pregnant women experience physiological
changes including increased plasma volume and
altered gastrointestinal motility which can
modify drug pharmacokinetics [“5. Careful
consideration is necessary especially with
hypertensive drugs where food-drug interactions
could impact fetal safety.

Ethnic Genetic Variations

Ethnic and genetic polymorphisms in drug-
metabolizing enzymes (e.g., CYP2C9 for warfarin,
CYP2C19 for clopidogrel) significantly affect
individual variability to food-drug interactions
necessitating personized therapeutic approaches
[46]. Understanding these population-specific risks

Bull. Pharm. Res. 2025;15(S2)

can optimize cardiovascular pharmacotherapy
and minimize adverse outcomes.

. CONCLUSION

ACE inhibitors have decreased bioavailability
when administered with food while beta-blockers
have differential responses based on lipophilicity
and nature of food consumed. Likewise, calcium-
channel blockers and diuretics have their
pharmacokinetics changed by food with potential
to influence therapeutic efficacy. Vasodilators
have been observed to lower their bioavailability
when taken in the presence of food. On the other
hand, anticoagulant and antiplatelet drugs exhibit
more complex interactions where some food
constituents such as vitamin K and cranberry
juice affect warfarin activity. Clopidogrel and
ticagrelor exhibit little or tolerable food effects.
Knowledge of such interactions is important for
maximizing drug activity, reducing side effects
and delivering reliable patient instruction.
Personalized advice on diet can thus improve
treatment outcomes and facilitate patient safety.
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ABSTRACU1

This study evaluates shampoo films formulated with tea tree oil for their physicochemical
properties and antifungal potential against Malassezia furfur. Five formulations (F1-F5) were
developed and assessed. Film weights ranged from 0.01-0.025 g and thickness varied between
0.05-0.07mm.Surface pH values were within 7.2-7.5, indicating scalp compatibility. Folding
endurance ranged from 7-9 folds, with tensile strengths between 23-25 N. Disintegration time
spanned 120-143 seconds. Among the batches, F4 exhibited optimal properties with a pH of 7.40,
tensile strength of 23 n, and disintegration time of 131 seconds. The results confirm the
effectiveness and convenience of shampoo films for dandruff management.

Keywords: Shampoo film, antifungal, Malassezia furfur, Tea tree oil, HPMC E5
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. INTRODUCTION

Dandruff, a prevalent scalp disorder, is marked
by the presence of corneocytes that form
clusters due to their high cohesive power,
ultimately giving rise to flaky white to
yellowish scales accompanied by itching.
Notably, the dandruff
predominantly falls within the pubertal to
middle-aged demographic, a period that is
characterized by heightened sebaceous gland
activity. Malassezia furfur is widely regarded as
the primary causative agent of dandruff. Due to
their lipophilic nature, Malassezia species
flourish as commensals on human skin by

incidence of

metabolizing the fatty substances found in
sebum (1. Significant discoveries in the late
19th century
Malassezia species and dandruff, indicating
their presence on the skin of individuals
suffering from dandruff was 1.5 to 2 times
higher than normal levels. Based on these
observations, it has become evident that
Malassezia species play a crucial role in
forming this scalp disorder. It has been
reported that M. furfur, M. obtuse, M. globosa,
M. restricta, M. sympodialis, M. sloofiae, and M.
pachydermatis are linked to the development
of dandruff [21.

showed a link between

Numerous solutions for
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dandruff exist, including shampoos, therapies,
and oils. Tea tree oil, an essential oil known for
its antifungal properties, is derived primarily
from the Melaleuca alternifolia plant, which is
native to Australia [31.

Many conventional liquid shampoos contain
many ingredients, several of which are harsh
chemicals that can deteriorate hair quality
over time. These shampoos typically include
various chemicals, fragrances, and
preservatives, some of which may be harmful.
Additionally, shampoo bottles are usually
made of plastic, contributing to environmental
waste. To address these issues, shampoo films
offer a more sustainable and effective
alternative.

Shampoo films are formulated using film-
forming agents that contain chemicals that
create a pliable, cohesive, and continuous
coating on hair or skin. These agents, such as
polyvinylpyrrolidone (PVP), acrylates,
acrylamides, and copolymers, have strong
hydrophilic properties and leave a smooth,
conditioned feel on the hair.

Shampoo films offer a sustainable, travel-
friendly alternative to traditional liquid
shampoos. They eliminate plastic waste and
are lightweight and compact, making them
perfect for travel. The uniqueness of this
formulation lies in its solid, water-free film
design, which enables portable, pre-measured,
and effective scalp delivery of tea tree oil for
dandruff treatment [6l.

Solvent casting method:

Among the various «casting techniques
available, the solvent casting method is
recognized as a dependable, preferred, and
widely option owing to its
straightforward and cost-effective nature [71.
The solvent casting method
dissolving a polymer and a plasticizer,
applying the solution to a substrate, and then
evaporating the solvent, which leads to the

utilized

involves

Bull. Pharm. Res. 2025;15(S2)

orientation of the polymer chains and the
intercalation of plasticizer = molecules,
ultimately resulting in the formation of a film
8. In this approach, the polymer(s) and
plasticizer(s) are dissolved in a volatile
solvent, such as ethanol, acetone, water, or a
blend of solvents. If included, a drug can be
either suspended or dissolved within the
solution, cast into a mold, and allowed to dry
[91.

. MATERIALS AND METHODS

2.1 Materials

Hydroxypropyl methylcellulose (HPMC ES5),
Polyethylene glycol (PEG-400), and Propylene
glycol (PG) were obtained from Loba Chemie
Pvt. Ltd., Mumbai. Sorbitol was obtained from
Bhortek Chemicals, Pune. Cocamidopropyl
betaine was obtained from Chemdyes
Corporation, Gujarat.,, Tea tree oil, Neem oil,
and Peppermint oil from Dr. Jain’s Forest

Herbals, Mumbai, Maharashtra.

2.2 Method
Antimicrobial activity of oils:

6.5 g of Sabouraud dextrose agar (SDA), along
with 1.5 g of agar powder, was dissolved in
100 mL of water. Then, the agar media and all
the required materials were sterilized in an
autoclave at 121 °C, 15 psi. The surface was
cleaned adequately with ethanol, and the
procedure was conducted in a sterile
environment. The agar media was poured into
the petri plates and allowed to solidify. Using a
spreader, the suspension of Malassezia furfur
was spread on the agar plates. Wells were
prepared using a cork borer, and essential oils
of concentration 10 puL were added to the
wells. Then, all the petri plates were incubated
for 48 hours. The results of the best efficacy
were checked after 48 hours. Tea tree oil was
considered for shampoo films because it
showed better efficacy than other essential
oils.
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Preparation of shampoo film solution:

32g of purified water was weighed and placed
under a magnetic stirrer. 1.5g of plasticizer
was added and stirred for 15-20 minutes.
Then, 5g of HPMC-E5 was slowly incorporated
while heating and stirring to ensure complete
dissolution. ~ Furthermore, 5 mL of
cocamidopropyl betaine was added. Once
homogeneous, tea tree oil was added and
thoroughly mixed into the solution. The
solution was then sonicated for 5 minutes to
remove air bubbles, followed by a 24-hour
setting period at room temperature to
stabilize the mixture. After setting, the
solution was poured and spread onto the film-
former surface, which was dried and removed
once fully set. The resulting films were then
evaluated for their physical and mechanical
properties.

Five batches of films were formulated by
varying the quantities of the plasticizers
Polyethylene glycol-400 (PEG-400), Propylene
glycol (PG), and sorbitol.

Table 1: Formulation design of shampoo
films

Formulatio
n

F1

F2

F3

F4

F5

HPMC E5
(%o w/v)

15.6

15.6

15.6

15.6

15.6

PEG-400
(% v/v)

6.2

4.68

PG (% v/v)

4.68

6.2

Sorbitol
(% v/v)

4.68

Cocamidop

ropyl
betaine
(% v/v)

7.8

7.8

7.8

7.8

7.8

Water

g-s.

g-s.

g-s.

g-s.

g.s.

2.3 Rheological properties of film solution:

Film weight and thickness:

Films of size 2 x 2 cm (4 cm?) were placed on a
digital analytical scale (Scale-tec Mechatronics

Bull. Pharm. Res. 2025;15(S2)

Pvt. Ltd.), and their weights were recorded. A
random area of the film was selected, and the
thickness of the film at that position was
measured using a vernier calliper (Insize
Digital Vernier calliper) (101,

Surface pH:

The film, measuring 2x2 cm, was dissolved in
10 mL of purified water, and then the pH was
calculated using a calibrated pH probe (BioEra
Life Sciences Pvt. Ltd.) [111.

Folding endurance:

Folding endurance measures a material’s
strength based on its ability to withstand
folding without breaking. Folding endurance is
associated with the fragility of the film. The
films are repeatedly folded by hand at the
exact location until cracks appear or the film
ruptures [10],

Tensile strength:

Tensile strength (TS) is the maximum stress
applied at a single point that is required to
break the film. A film size of 2 x 2 cm (4 cmz?)
free of any physical imperfection was placed
between two clamps held 10 mm apart. Clamps
stretched the film at a speed of 5 mm/min, and
the force and elongation were recorded when
the film fractured [11l. The tensile strength is
determined by the load applied at the point of
rupture (averaged from three measurements)
divided by the cross-sectional area of the
broken film strip, as shown in the equation
below:

Tensile strength = Force of break / Initial
cross-sectional area of sample(sqg.cm.)

Disintegration time:

Disintegration time refers to the duration for a
film to break apart or dissolve. A film
measuring 2 x 2 cm (4 cm?) was positioned on
a glass petri dish filled with 10 ml of water.
The time taken for the film to disintegrate was
recorded as the disintegration time [111,
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. RESULT AND DISCUSSION
Film weight and thickness:

The weight of the 2x2 cm film for batches F1
and F3 was found to be 0.02 g; for F2 and F4, it
was 0.01 g; for F5, it was 0.025 g. The film
thickness of F1, F3, and F4 was the same, 0.06
mm, whereas the thickness of the films in
batch F2 was 0.05 mm, and that of F5 was 0.07
mm.

Surface pH:

As the temperature rises, the surface pH also
increases. The pH values obtained from the
two films represent the average of their
values. The films of batches F1 and F4 have a
pH of 7.40, while those of batches F3 and F5
have a pH of 7.20. The film of batch F2 has a
pH of 7.50. These pH levels indicate that the
film is fundamental, as it dissolves in water
and is suitable for application on the scalp.

Folding Endurance:

A film's folding endurance is indicative of its
elasticity and flexibility. The folding endurance
was assessed for all batches of films, each
measuring 10 cm x 10 cm. F1 and F3 exhibited
a folding endurance of 8 folds. F2 and F4
showed 9 folds and F5 showed 7 folds. It is
essential to note that the film’s thickness
influences the folding endurance.

Tensile Strength:

After averaging the data for the tensile
strength of three different films for each batch,
it was observed that a relatively large force (in
Newtons) was required to break the film. F1
required 25N, F2-23N, F3- 24.5 N, F4-23N, and
F5- 25N to break 5x5cm film. It can also be
concluded that the higher the temperature, the
higher the tensile strength.

Disintegration time:

The time required to dissolve or disintegrate
the film is called the disintegration time. The
time required for F1, F2, F3, F4 and F5 to

Bull. Pharm. Res. 2025;15(S2)

disintegrate was found to be 125 s, 120s, 125s,
131s and 143s respectively.

. CONCLUSION

The F4 batch exhibited optimal parameters
and was, therefore, selected as the final
formulation for shampoo films. Shampoo films
serve as an effective formulation for delivering
the localized benefits of tea tree oil in
combating dandruff. The findings of this study
indicate that the essential oil incorporated in
this formulation is highly effective against the
dandruff-causing fungus Malassezia furfur.
The prepared shampoo films are also user-
friendly, convenient for travel, and contain
reduced water content.
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ABSTRACT

Global cosmetic firms are not immune to the effects of contemporary technology on their company
operations in the beauty sector today. The Virtual Try On (VTO) application for cosmetics is just one of
the technologies that the public currently prefers. In the face of competitive competitiveness in the
beauty industry, technological advancements like the application of artificial intelligence can be seen as
a benefit. A few years ago, during the Covid-19 pandemic, Augmented Reality technology applied to the
VTO application for cosmetic items proved to be quite beneficial in overcoming the world's issues. The
purpose of this review is to investigate how VTO features affect consumers' attitudes and actions toward
international cosmetic companies. As a result, it is anticipated that the results of this study will improve
knowledge of how VTO characteristics can affect consumer buying patterns and beauty preferences,
particularly in light of the quickly expanding cosmetics market.

Keywords: Artificial Intelligence (Al), Skincare, Virtual Try-On Technology, Personalization, Beauty
Industry.
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1. INTRODUCTION

Innovation has always been at the heart of the
cosmetics and beauty sector, from novel
formulas to state-of-the-art skincare products.
Artificial Intelligence (Al) has become a game-
changer in recent years altering how beauty
firms function, engage with customers and
create goods. Virtual try- on experiences and
customized skincare recommendations are just
two examples of how Al-powered technologies
like machine learning, computer vision, and
augmented reality (AR) are changing the
landscape. Artificial Intelligence (AI) has
revolutionized the development, marketing
personalization of skincare, cosmetics, and

haircare products, causing a dramatic shift in
the beauty sector. Artificial intelligence (AI)-
driven technologies like computer vision,
augmented reality (AR), and machine learning
allow marketers to provide virtual try-ons,
personalized experiences, and skin analysis,
increasing access to and
effectiveness of beauty [1l. Al allows beauty
firms to improve
expedite production, and make remarkably

consumer

customer experiences,
accurate trend predictions in response to the
growing consumer desire for customization,
efficiency, and sustainability. Big businesses are
using Al for skin analysis, ingredient discovery,
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and even smart beauty gadgets that can adjust
to the demands of each wuser's skin.
In recent years, the Indian market has
encountered increased demand for natural and
organic cosmetic products. Products designed
with natural ingredients and devoid of
dangerous chemicals are becoming
progressively more popular. This trend has led
to several domestic brands focusing on natural
and organic cosmetics. All things considered,
the Indian cosmetics industry is anticipated to
rise over the next several years due to growing
disposable incomes, greater awareness of
personal grooming, and growing demand for
natural and goods. Artificial
intelligence (AI) has greatly impacted the
beauty business recently [21.

GLOBAL MARKET OF Al IN THE BEAUTY
INDUSTRY :

organic

The global Artificial Intelligence (AI) in Al
Beauty and Cosmetics market size was valued
at $2.70 Billion in 2021. Over the last decade,
an astonishing CAGR of 19.7% has been
achieved in 2030. Digital transformation is
rapidly driving disruption across, and
impacting on, every sector : In 2022, over 60%
of global BIP will be digitle and an estimated
70% of new value created in the economy over
the next 10 years will be based on digital
platforms. environment due to advancements
in Al technologies. Additionally, the beauty
business is renowned for being a customized
and active market that produces data, which
means that to stay ahead of the competition,
beauty organizations must make data-driven
decisions about their strategies.
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Role of Al in
Beauty Industry
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Fig. No. 1: Role of Al in the Beauty
Industry

1.1. Personalized Skincare & Makeup
Recommendations

Artificial
preferences,

intelligence (AD), customer

dermatological science, and
product composition are all used to inform
personalized skincare and makeup
recommendation systems. The objective is to
offer customized remedies that take into
account each person's particular skin type,
tone, issues, and surroundings.

With its ability to provide personalized
skincare and makeup products, Al-driven
personalization is revolutionizing the beauty
sector. Al assists companies and customers in
making well-informed product selections by
evaluating skin type, tone, texture, and

concerns [31,

Al'n Skincare Alin Makeup
Recommendations Recommendations

OlaySkin -~ Neurogena ~ L'oreal Sephora Loreal Al Shads
Advisor Skin 360 Perso Vidual Aist ~ Modiface  Finder
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Fig. No. 2: Al Application in Skincare
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1.2. Virtual Try-On Technology

Virtual Try-On  (VTO) technology is
revolutionizing the beauty industry by
Augmented Reality (AR) and Artificial
Intelligence (AI). This technology eliminates
the need for physical product trials, enhancing
the shopping experience for both online and
in-store customers.Virtual Try-On technology
transforms the beauty industry by offering an
engaging, convenient, and personalized
shopping experience. As Al and AR
technologies evolve, VTO will become more
accurate, accessible, and widely integrated into
digital beauty platforms [4].

Bull. Pharm. Res. 2025;15(52)

consumer experiences. By leveraging machine
learning (ML), big data analytics, and computer
vision, Al facilitates the development of
tailored beauty solutions based on individual
needs and industry trends [6l.

Final
— Product
Creation

Data hgredient ~~ Formulafion _)Simu\ation&
Colecion ~ Selection Oevelopment~~~ Tesfing

Fig. No. 4: Al Drive Product Development
Process
1.5. AI-Driven Marketing:

The beauty industry rapidly adopts Al to
enhance customer experiences, improve
product recommendations, and drive sales.

Smarl. Al-driven marketing in beauty leverages
Facial A o A-Driven Shad 30 Image Integration
Recognfion Vamenie HINVENTREE processing wilh E- data  analytics, personalization, and
— Really ~ — andProduct —_— T ——) .
and Al andRealisic ~ commerce automation to create a seamless and

Simulation Recommendation

Mapping Effects and Social

Megia
Fig. No. 3: Virtual Try on Technology
process

1.3. Al Powered Skin Diagnostics :

Al-powered skin diagnostics use Artificial
Intelligence (Al), Machine Learning (ML), and
Computer Vision to analyze skin conditions

and provide personalized skincare
recommendations. These systems assess
factors like skin type, hydration levels,

wrinkles, acne, pigmentation, and overall skin
health, offering users scientifically backed
skincare solutionslsl,

1.4. Customized Product Formulation:

Al is revolutionizing the beauty industry by
enabling the creation of personalized cosmetic
formulations tailored to individual skin types,
concerns, and environmental factors. This
customization ensures better efficacy, user
satisfaction, and reduced trial- and-error in
product selection. Artificial Intelligence (Al)
has revolutionized the beauty industry by
enabling hyper-personalized product
formulation,  optimizing research  and
development processes, and enhancing

engaging consumer journey.

The beauty industry is undergoing a digital
transformation, with artificial intelligence
(Al) playing a key role in reshaping how
brands engage with customers. Al-driven
marketing in beauty leverages machine
learning, computer vision, and big data to
personalize optimize
marketing campaigns, and predict emerging
trends (71,

experiences,

1.6. Chatbots & Virtual beauty Assistants :

Chatbots and virtual beauty assistants are
Al-powered tools that provide instant,
personalized beauty advice, product
recommendations, and customer support.
They engagement,
automate responses, and improve the
shopping experience online and in stores.

enhance customer

Chatbots:  Al-powered programs that
simulate human-like conversations via text
or voice to assist customers.

Virtual Beauty Assistants: Al-powered tools
that offer beauty advice,
recommendations, makeup tips, and

skincare
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product suggestions based on user input.
These tools use Natural Language
Processing (NLP), Machine Learning (ML),
and Computer
customer needs and provide accurate
responses [8l.

Vision to understand

‘ Seamless Continuous
User . Persondized
— Colecfn§ —

' . — Bhopong — Leaming &
e N
s Egeience Inpovement

Fig. No. 5: Al Chatbot Customer
Interaction Flow

1.7. Smart Beauty Devices:

Al-powered smart beauty devices are
revolutionizing skincare, haircare, and
makeup by offering personalized solutions,
real-time  analysis, and  automated
applications. These devices integrate Al,
sensors, machine learning, and IoT
(Internet of Things) to enhance beauty

routines [l
1.8. Al in Sustainable Beauty:

Artificial Intelligence (Al) is revolutionizing
the beauty industry by promoting eco-
friendly, cruelty-free, and sustainable
practices. Al helps brands develop cleaner
formulations, reduce waste, optimize
packaging, and ensure ethical sourcing of
ingredients [101.

1.9.A1 for Dermatology and Beauty
Research.

Al is revolutionizing dermatology and
beauty research by enabling faster
diagnosis, personalized skincare, and
advanced beauty formulations. Through
machine learning, computer vision and big
data analytics, Al helps dermatologists,
researchers, and cosmetic scientists develop
more effective  treatments,
products, and diagnostic tools [111.

skincare
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Fig. No. 6: Al-powered Skin Condition
Analysis
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Fig. No. 7: Different Al Apps used in the
Beauty Industry

2. FUTURE ASPECTS

The Al-driven beauty and cosmetics
industry is seeing rapid growth, with the
global market expected to expand from
$3.27 billion in 2023 to $3.97 billion in
2024, reflecting a CAGR of 21.5%. By 2030,
the market is projected to reach $13.4
billion, growing at a CAGR of 20.6%. This
surge is fueled by Al's ability to provide
hyper-personalized beauty  solutions,
optimize supply chains, and enhance
marketing strategies.

Leading brands like Sephora and L’Ore a
heavily invest in Al-driven innovations, such
as innovative skincare analysis and Al-based
product recommendations. In 2023, North
America dominated the market, holding
over 35% of the industry share and
generating $27.3 billion in revenue. Al is
also promoting sustainability in beauty by
helping brands develop eco-friendly
formulations, optimize production, and
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minimize waste. As Al technology advances,
its role in customized skin care, real-time
beauty diagnostics, and Al-powered virtual
assistants is set to redefine the beauty
industry's future, making it more efficient,
sustainable, and consumer-centric [12.

. CONCLUSION

Al is revolutionizing the beauty and
cosmetics industry by enhancing
personalization, and
sustainability. With advancements in Al-
powered skin analysis, virtual try-ons, and
smart product recommendations,
consumers can now access more tailored
and effective beauty solutions. Moreover, Al-
powered virtual beauty assistants and try-

efficiency,

on tools will become more sophisticated,
providing users with real-time product
recommendations and allowing them to
experiment with different makeup looks
before purchasing. Brands leverage Al to
optimize formulations, predict trends, and
cut waste, leading to a more sustainable and
innovative industry.
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ABSTRACT
This investigation assessed the invitro anthelmintic properties of Zingiber officinale and Acorus calamus extracts, examining their
individual efficacy and potential synergistic interactions when combined.
Methods: Extracts of Z. Officinale and A. Calamus were prepared using dimethyl sulfoxide (DMSO). The anthelmintic evaluation
employed Eisenia fetida (n=6 per experimental group) with single plant extracts (50, 100, 200 mg/mL), extract combinations (25+25,
50+50, 100+100 mg/mL), piperazine citrate (10 mg/mL) as reference standard, and water as negative control. Measurements included
paralysis and mortality timing, with statistical analysis via one-way ANOVA followed by Dunnett’s test (significance threshold: p<0.05).
Results: Both botanical extracts exhibited concentration-dependent vermicide activity. At 200 mg/mL concentration, Z. Officinale
produced paralysis at 33.11+1.80 minutes and mortality at 39.03+1.03 minutes, whereas A. Calamus demonstrated effects at
38.02+0.24 and 42.03£0.29 minutes, respectively. The extract combinations revealed markedly enhanced efficacy (p<0.05), decreasing
paralysis duration by 27.9% and mortality timing by 17.9% versus individual extracts. The 100+100 mg/mL formulation demonstrated
superior potency (paralysis: 27.28+1.32 minutes; mortality: 32.06+1.26 minutes), statistically comparable to piperazine citrate
(paralysis: 28.02+1.22 minutes; mortality: 32.04+2.18 minutes, p>0.05).
Conclusion: Z. Officinale and A. Calamus extracts demonstrate synergistic anthelmintic properties in vitro, with their combination
offering substantially improved effectiveness compared to individual preparations. These observations validate their ethnomedical
applications and indicate potential for developing alternative anthelmintic formulations. Additional studies examining active
constituentisolation, in vivo effectiveness, and safety profiles are warranted.

Key words: Anthelmintic activity, Zingiber officinale, Acorus calamus, Synergism, Eisenia fetida, Plant
extracts.
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1. INTRODUCTION

Helminthiasis, encompassing various parasitic
worm infections, continues to present significant

(albendazole, macrocyclic lactones

(ivermectin),

mebendazole),
and heterocyclics (praziquantel) [l

public health challenges globally, particularly
affecting regions with
infrastructure and healthcare access (1. These
parasitic infections impact both human and
populations, frequently resulting in
chronic  conditions including
deficiencies, anemia, and impaired physical and
cognitive development [2 31,

limited sanitation

animal
nutritional

Contemporary  helminthiasis management
typically involves  synthetic  antiparasitic
medications, including benzimidazoles

While often effective, the emergence and proliferation
of drug-resistant helminth populations represents an
escalating global health concern [ 6l. This resistance
phenomenon
therapeutic approaches with distinct mechanisms of

necessitates exploration of novel
action [71,

Medicinal flora represents a promising reservoir for
antiparasitic compound discovery, offering diverse
phytochemical including alkaloids,

terpenoids, flavonoids, and tannins [8l. Experimental

constituents

investigations have demonstrated these botanical
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compounds can disrupt parasitic organism
functionality through various mechanisms L
Additionally, the historical utilization of specific
plants in traditional healing systems provides
ethnopharmacological evidence supporting their
therapeutic applications [10l. Exploration of these
botanical resources may facilitate development
of sustainable, environmentally compatible
antiparasitic interventions with potentially
reduced resistance profiles [111.

Furthermore, plant-derived antiparasitic therapies

could revolutionize veterinary practices by
providing natural alternatives for livestock
management [12l.  With increasing market

preference for organic production methods and
sustainable agricultural practices, these botanical
interventions could satisfy demand for non-
synthetic treatment options, aligning with broader
global trends toward natural health solutions [121.

Zingiber officinale (Ginger)

Zingiber  officinale represents a perennial
herbaceous plant widely integrated into
traditional healing systems across numerous

cultures. Its rhizome contains various bioactive
constituents, primarily gingerols, shogaols, and
paradols (13l These compounds demonstrate
multiple  therapeutic  properties  including
antimicrobial, anti-inflammatory, and antioxidant
activities 141,

Scientific investigations have established that
ginger extracts possess antiparasitic properties
against various helminth species. Experimental
evidence suggests these effects may involve
disruption of neuromuscular coordination within
parasitic organisms [15l. For instance, Fu and
colleagues (2019) documented that 10-gingerol
from ginger exhibited
antiparasitic activity against Ichthyophthirius
multifiliis in aquatic models, potentially through
interference with parasite motility and survival
mechanisms [151.

isolated substantial

Additionally, the antioxidant characteristics of
ginger may contribute to its therapeutic efficacy
during parasitic by potentially
mitigating oxidative stress commonly associated
with such conditions [16l. However, the precise
contribution of these antioxidant properties to
ginger’s  overall anthelmintic effectiveness

infections

Bull. Pharm. Res. 2025;15(52)

requires further elucidation.
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Acorus calamus (Sweet Flag)

Acorus calamus represents a semi-aquatic perennial
species whose rhizomes contain essential oils rich in -
asarone, considered its primary bioactive component
(171, Traditional healing systems have employed this
botanical for various therapeutic applications, including
management of parasitic infections.

Research has documented the anthelmintic properties
of A. Calamus preparations. Deepa and colleagues
(2008) reported significant activity against helminths in
both laboratory and animal models [18. This biological
activity has been primarily attributed to its f-asarone
content, which may interfere with parasite viability
through multiple physiological mechanisms.

A B

/O O\ /() (o}

\o / \0 /
o-Asarone p-Asarone

Potential Mechanisms of Synergistic Action

The combination of Z. Officinale and A. Calamus may
generate enhanced anthelmintic effects through several
potential mechanisms:
1.Multiple Target Engagement:The bioactive
constituents from these botanicals may influence
different molecular targets within parasitic organisms.
While gingerols from Z. Officinale may affect certain
physiological pathways, -asarone from A. Calamus
could simultaneously impact other essential processes.
2.Cholinergic System Modulation:Both plants contain
compounds reported to influence cholinergic system
functionality. Research suggests that plant extracts,
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including those from A. Calamus, can inhibit
acetylcholinesterase activity [19 20l Similarly,
components of Z  Officinale affect
neurotransmission in parasites Their
combined influence on related but distinct
aspects of parasite neuromuscular function
might enhance paralytic effects.
3.Complementary Biochemical Effects: While Z
Officinale compounds may predominantly affect
parasite motility, A. Calamus constituents might
simultaneously disrupt metabolic processes
essential for parasite creating
multifaceted interference with the parasite’s
physiological functions.

Both plants also demonstrate anti-inflammatory
properties (14 171, which could theoretically
reduce tissue

may
[21],

survival,

inflammation associated with
parasitic infections. However, the contribution of
these properties to their combined anthelmintic
efficacy in living systems requires verification
through appropriate experimental models.

The present investigation aims to evaluate the
individual and combined anthelmintic effects of
Z. Officinale and A. Calamus extracts against
fetida, their potential
synergistic interactions and comparative efficacy

Eisenia examining

against a standard anthelmintic agent.

. MATERIALS AND METHODS
2.1. Plant Material Collection and
Authentication

Acorus calamus (Vacha) and Zingiber officinale
(Suntha) were selected based on their documented
against  helminths.
preparations of these plants (Vacha Churna and
Suntha Churna) were procured from Shree
Dhanvantari Herbals (Batch numbers: VC-2024-03
and SC-2024-04, respectively). Authentication was
performed through visual organoleptic
examination following protocols described in the
Ayurvedic Pharmacopoeia of India (API) [221.
Voucher specimens (MCPN-2024-AC01 and MCPN-
2024-7002) were deposited at the Modern College
of Pharmacy herbarium. Additional verification
was conducted in collaboration with botanical
medicine specialists, and sample identity was
confirmed through comparison with established

effectiveness Powdered

and

Bull. Pharm. Res. 2025;15(52)

(231, The authenticated botanical
materials were stored at 25 * 2°C in hermetically sealed
containers to maintain integrity prior to analysis.

reference materials

Solubility Analysis

Active compound solubility was determined before
extraction procedures. In A. Calamus, the principal
active constituent, [-asarone, demonstrated high
solubility in organic solvents including dimethyl
sulfoxide (DMSO), ethanol, and dimethylformamide
(DMF), with limited aqueous solubility [17l. Similarly, Z.
Officinale compounds including gingerols and shogaols
showed substantial solubility in DMSO (6-gingerol:
approximately 25 mg/mL; 6-shogaol: approximately 20
mg/mL) but minimal water solubility (ginger extract:
approximately 0.0004 g/L) 0131
physicochemical properties, DMSO was selected as the

Based on these
optimal solvent system for both botanical extracts.
2.2. Preparation of Test Solutions

Dried extracts of Z. Officinale and A. Calamus were
solubilized in DMSO to formulate test solutions at
multiple concentrations:

- Individual extracts: 50, 100, and 200 mg/mL.

- Combined extract proportions (for synergy
evaluation): 25 mg/mL + 25 mg/mL, 50 mg/mL
+50 mg/mL, and 100 mg/mL + 100 mg/mL of
each extract.

2.3. Standard Solution Preparation

Piperazine citrate (10 mg/mL) served as positive
control reference, while a solution of DMSO diluted with
distilled water (1:5 v/v) functioned as negative control.
All solutions were prepared immediately before each
experimental stability
consistency.

session to ensure and

In Vitro Anthelmintic Activity Protocol

Anthelmintic activity assessment employed Eisenia
fetida (red earthworms) as a model organism due to
their physiological and anatomical resemblance to
intestinal parasites [24l. Mature worms measuring 6-8
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cm in length and 0.2-0.3 c¢cm in diameter were
obtained from Shree Vermiculture (Ambegaon,
Pune, Maharashtra, India; Batch ID: EF-2024-11).
Upon procurement,
inspection; only specimens displaying normal
activity, movement patterns, and uniform pinkish-
red coloration were selected for experimental
inclusion.

Acclimatization Protocol

worms underwent visual

Selected worms (n=6 per experimental group)
underwent  24-hour acclimatization under
laboratory conditions to normalize physiological
They were maintained in plastic
containers (30 x 20 x 15 cm) containing moistened

responses.

substrate composed of sterilized coconut coir and
composted bovine manure (70:30 ratio),
maintained at 22 + 2°C with 80-90% relative
humidity (RH). The substrate received moisture
To
minimize environmental stress, containers were

adjustment using dechlorinated water.

maintained under dark conditions, and nutritional

supplementation was withheld during this period.
2.4. Experimental Groups

The investigation included multiple treatment
categories:

1. Negative control: 20 mL of distilled water
with DMSO (1:5v/v)

2. Positive control: Piperazine citrate (10
mg/mL)

3. Z. Officinale extract (Group A): 50 mg/mL
(A1), 100 mg/mL (A2), and 200 mg/mL
(A3)

4. A. Calamus extract (Group B): 50 mg/mL
(B1), 100 mg/mL (B2), and 200 mg/mL
(B3)

5. Combined extracts (Group C): 25+25
mg/mL (C1), 50+50 mg/mL (C2), and
100+100 mg/mL (C3)

All test organisms received exposure to 2 mL of
their designated solutions in sterile petri dishes
under controlled laboratory conditions (25 *
2°C).

Anthelmintic Efficacy Evaluation

Paralysis duration (P) was measured as the

Bull. Pharm. Res. 2025;15(52)

exhibited absence of
spontaneous required
stimulation to elicit response. Mortality time (D) was
recorded when worms demonstrated complete absence
of movement even following brief exposure to warm
water (50°C).

The study's sample size (n=6 per group) is relatively
small, potentially limiting statistical power despite the
triplicate testing approach (18 worms total per
treatment). While sufficient for preliminary analysis,
larger samples (n210) would enhance result robustness
by reducing the impact of biological variability and
providing greater confidence the observed
synergistic effects between the botanical extracts.

interval until test subjects

movement and vigorous

in

Statistical Analysis

Data are expressed as mean * standard deviation (SD).
Statistical differences between experimental treatments
and control groups were evaluated using one-way
analysis (ANOVA) with subsequent
Dunnett’s post-hoc test for multiple comparisons.
Statistical significance was established at p < 0.05. All
statistical procedures were performed using GraphPad
Prism version 9.0 (GraphPad Software, San Diego, CA,
USA).

of variance

3. RESULTS

Concentration-Dependent Anthelmintic Effects of
Individual Extracts

Both botanical extracts demonstrated concentration-
dependent anthelmintic activity against FEisenia fetida.
(Group B), at 50 mg/mL
concentration, paralysis occurred at 55.05 * 2.43
minutes with mortality at 63.06 * 2.01 minutes. As
concentration increased to 200 mg/mL, these intervals
decreased significantly to 38.02 =
(paralysis) and 42.03 * 0.29 minutes (mortality) (p <
0.01 compared with negative control).

For Acorus calamus

0.24 minutes

Zingiber officinale (Group A) exhibited slightly greater
potency across all examined concentrations. At 50
mg/mL, it induced paralysis within 48.13 * 3.43
minutes and mortality within 51.08 * 3.01 minutes. At
maximum concentration (200 mg/mL), these intervals
decreased significantly to 33.11 =
(paralysis) and 39.03 * 1.03 minutes (mortality) (p <
0.001 compared with negative control

1.80 minutes
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Table 1: Anthelmintic activity of Z. Officinale
and A. Calamus extracts individually and in
combination against Eisenia fetida

p < 0.05, p < 0.01, p < 0.001 compared to negative
control (n=6, values are mean * SD)

Sample Dose (mg/ml) Paralysis Time (min) | Death Time (min)
Control None None None
Piperazine Citrate 10 28021122 3204218
(std)
Test-A 50 55.05 +2.43 63.06 +2.01
Test-A 100 49.01+138 53.04 +1.08
Test-A 200 38.02+024 42.03+0.29
Test-B 50 48,13 +343 51.08 +3.01
Test-B 100 30.18+282 44.07 +2.08
Tes!-B 200 33114180 39.03 +1.03
Test-A+B 25+25 38.06 +3.88 4903+224
Test-A+B 50+50 32.04 +2.46 38.08+1.38
Test-A+B 1004100 27.28+132 3206 +1.26

Figure 1. Anthelmintic Activity of Z. officinale and A, calamus Extracts

Treatmant Groups

GRAPH 1: Comparative anthelmintic activity of
Z. Officinale and A. Calamus extracts
individually and in combination

Synergistic Effects of Combined Extracts

The extract combinations (Group C) revealed
notable synergistic activity. At 25+25 mg/mL
(total 50 mg/mL), the combination produced
paralysis within 38.06 * 3.88 minutes and
mortality within 49.03 * 2.24 minutes,
substantially more effective than either extract
individually at 50 mg/mL (p < 0.05). At 50+50
mg/mL (total 100 mg/mL), paralysis occurred
within 32.04 * 2.46 minutes and mortality within
38.08 + 1.38 minutes, demonstrating significantly
enhanced activity compared with
extracts at equivalent total concentrations (p <
0.05).

individual

The highest concentration combination (100+100
mg/mL) exhibited maximum potency, with
paralysis at 27.28 + 1.32 minutes and mortality at
32.06 =+
showed no significant difference from piperazine
citrate at 10 mg/mL (p > 0.05), which induced
paralysis at 28.02 + 1.22 minutes and mortality at

1.26 minutes. These measurements

Bull. Pharm. Res. 2025;15(52)

32.04 + 2.18 minutes.

Comparative Analysis with Standard Drug

Piperazine citrate (10 mg/mL) functioned as positive
control reference, producing paralysis at 28.02 + 1.22
minutes and mortality at 32.04 * 2.18 minutes. While
individual extracts at 200 mg/mL approached this
efficacy level, the 100+100 mg/mL combination most
closely matched the reference drug performance,
without statistically significant difference between their
effects (p > 0.05), despite substantial concentration
disparity (200 mg/mL vs. 10 mg/mL).

Pharmacokinetic of Bioactive

Constituents

Properties

Understanding the pharmacokinetic profiles of the
active constituents in both plant extracts is essential for
predicting their in vivo efficacy and potential clinical
applications.

The pharmacokinetic analysis reveals several
noteworthy characteristics of these
compounds. Among Z. Officinale constituents, 6-gingerol
demonstrates the highest oral bioavailability (3.1 *
0.9%) and maximum plasma concentration (0.53 + 0.21
ug/mkL), although these values remain relatively low,
suggesting limited systemic absorption. The gingerols
exhibit high protein binding (>90%), potentially limiting
their free fraction availability at target sites.

bioactive

In contrast, A. Calamus constituents, particularly -
asarone, show comparatively higher oral bioavailability
(7.6 £ 1.2%) and maximum plasma concentration (0.98
* 0.24 pg/mL). The asarones also demonstrate longer
elimination half-lives (3.97-4.48 hours) compared to
gingerols (1.77-2.86 hours), suggesting more prolonged
systemic presence following administration.

These pharmacokinetic profiles may partially explain
the differential anthelmintic potency observed between
the extracts, with the more rapidly absorbed and
eliminated gingerols potentially providing faster onset
but shorter duration of activity compared to the
asarones. Furthermore, the higher volume of
distribution observed for asarones (4.76-5.23 L/kg)
compared to gingerols (1.56-2.13 L/kg) suggests
greater tissue penetration capability, which could
enhance access to parasites located in deeper tissues.
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Table 2: Pharmacokinetic parameters bioactive constituents from Z. Officinale and A. Calamus

Botanical Source | Active Constituent |Oral Bioavailability (%)] Cmax (pg/mL) I'max (h) t1/2 (h) Distribution Volume (L/kg) | Protein Binding (%)| Refercnees
6-Gingerol 3.1£09 053+021 1.8£05 1.77£035 1.56 £0.32 924421 [31.32.33)
8-Gingerol 26107 041018 2.1£06 2.12£041 184+039 9481 1.9 32,33, 34]

Zingiber officinale
10-Gingerol 19+05 037+0.14 34+0.7 286+052 213+047 962+ 1.7 [33, 34, 35]
6-Shogaol 20+0.6 0.15+007 13+04 154+033 193+045 916+28 [33,36,37]
p-Asarone 76+12 098+024 0803 448+0.76 523081 86.3+3.2 [38,39.40]
Acorus calamus a-Asarone 59=+1.1 0.74=0.19 09=+03 3.97£0.65 476=0.73 82.1£3.5 [38,40,41]
Methyl isoeugenol 9215 0.63=0.17 1.1=04 3422059 318 =0.65 76.5+4.1 (40,41, 42)

4. DISCUSSION

Anthelmintic Efficacy of Individual Plant
Extracts

Both A. Calamus and Z. Officinale extracts
demonstrated significant concentration-dependent
The

observed paralytic and lethal effects likely result

anthelmintic activity against E. Fetida.

from bioactive constituents present in these
Z. Officinale
gingerols and shogaols reported to interfere with
neuromuscular function in parasitic organisms (15,
Similarly, A. Calamus contains [-asarone with
established anthelmintic properties (18],

botanical preparations. contains

The moderately higher potency observed with Z
Officinale extract compared to A. Calamus at
equivalent concentrations may reflect differences
in their active constituents’ mechanistic actions.
Gingerols shogaols potentially disrupt
multiple physiological systems in helminths,
including neuromuscular coordination and energy
metabolism [21],

and

Mechanistic Basis for Observed Synergy
The pronounced synergistic effect observed with

combined extracts suggests complementary
mechanisms of action. Several potential
mechanisms might explain this synergistic
relationship:

Distinct Targets and Pathways

Z. Officinale and A. Calamus likely influence
different physiological systems within parasitic
organisms. While gingerols may interfere with
neuromuscular signaling pathways, [-asarone
could disrupt metabolic processes essential for
energy production. This multi-target approach
would naturally generate enhanced anthelmintic
effects.

Complementary Cholinergic System Targeting

Both botanical extracts contain compounds capable of
inhibiting acetylcholinesterase activity [19 20, Their
combined influence on the cholinergic system may
result in more comprehensive enzyme inhibition,
producing enhanced paralytic effects through different
binding characteristics or receptor subtype interactions.

Pharmacodynamic Interactions

The bioactive constituents from both plants may
interact at their respective target sites, potentially
enhancing receptor binding affinity or downstream
signaling pathways. These molecular interactions could
explain why the combination demonstrates efficacy

exceeding the sum of individual extract contributions
[25].

PharmacoKkinetic Implications for In Vivo Efficacy
The pharmacokinetic data presented in Table 2
provides valuable insights into the potential in vivo
behavior of these botanical constituents. The relatively
low oral bioavailability of gingerols (1.9-3.1%) and
asarones (5.9-7.6%) suggests that systemic absorption
following oral administration may be limited. However,
this characteristic may actually be advantageous for
anthelmintic applications targeting intestinal parasites,
as higher local concentrations could be maintained
within the gastrointestinal lumen.

The differential metabolism pathways observed
between gingerols (primarily conjugation via Phase II
enzymes) and asarones (mediated by specific CYP
isoforms) may also contribute to their synergistic
effects. This metabolic differentiation could potentially
reduce competitive inhibition for elimination pathways,
allowing more efficient overall clearance when the
compounds are administered in combination.
Furthermore, the varied protein binding percentages
among these constituents (ranging from 76.5% for
methyl isoeugenol to 96.2% for 10-gingerol) may
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influence their free fraction availability at target
The differential protein binding could
potentially result in more sustained release when

sites.

administered in combination, providing more
consistent exposure to parasitic organisms.

Study Limitations
Several methodological
acknowledgment:

limitations warrant

1. In vitro model constraints:While E. Fetida
represents an accepted model for
preliminary anthelmintic evaluations, its
physiology differs from intestinal
parasites. Future investigations should
validate these observations using authentic
parasitic helminth species [27].

2. Active compound characterization: This
study employed whole plant extracts

without isolating specific bioactive
constituents. Identification and
characterization of these compounds
would facilitate more precise mechanistic
investigations.

3. Pharmacokinetic  considerations:  The

current research does not address how
these extracts might function in living
systems, where absorption, distribution,

metabolism, and elimination could
significantly influence therapeutic efficacy
[28].

4. In vivo validation requirements:The
efficacy and safety profiles of these
extracts, particularly in combination,
require validation using appropriate

animal models before clinical applications
can be considered.

Clinical and Practical Implications

The findings from this investigation carry
several important implications:

1. The synergistic combination of Z. Officinale
and A. Calamus extracts potentially offers
more effective anthelmintic intervention

Bull. Pharm. Res. 2025;15(52)

compared with either botanical independently.

2. This polyherbal approach might permit lower
dosages of individual botanicals, potentially
reducing adverse effect risks while maintaining
therapeutic efficacy.

3. These plant-derived interventions could provide
alternatives for situations where conventional
anthelmintic resistance has emerged [26].

Future Research Directions
Future research directions should encompass:

1. Isolation and characterization of specific active

constituents responsible for the observed

anthelmintic activity.

2. Investigation of precise mechanisms of action and

interactions between compounds from both

botanical sources.

3. In vivo studies using appropriate animal models to
confirm efficacy and safety profiles.

4. Assessment of potential resistance development
compared with
medications.

conventional anthelmintic

5. Optimization of extract combinations for maximal
synergistic effects.

6. Detailed pharmacokinetic studies to better

understand the absorption, distribution, metabolism,

and excretion patterns of these botanical compounds

and their potential interactions.

5. CONCLUSION

This substantial evidence
supporting the anthelmintic properties of A. Calamus
and Z. Officinale extracts individually and, more
significantly, their The
combined extracts demonstrated markedly enhanced
anthelmintic activity compared with individual
preparations, with the highest
formulation (100+100 mg/mL) exhibiting efficacy

comparable to the reference drug piperazine citrate at

investigation provides
combination.

synergistic

concentration
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substantially lower concentration.

The observed synergistic relationship suggests
complementary mechanisms of action, potentially
involving multi-target engagement and enhanced
pharmacodynamic effects. The pharmacokinetic
profiles of their bioactive constituents provide
further insight into the potential advantages of
their combination, including differential
metabolism pathways and tissue distribution
patterns that may contribute to their enhanced
efficacy.

This polyherbal approach aligns with traditional
healing practices and offers promising avenues for
developing novel anthelmintic interventions with
potentially reduced resistance profiles. However,
additional research remains necessary to identify
specific bioactive constituents, elucidate precise
mechanisms of action, and validate these findings
in living systems. With
investigation, this synergistic
combination could contribute significantly to
addressing the growing challenges of helminth
infections and anthelmintic resistance [29.30],

continued scientific

botanical
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ABSTRACT

The zebrafish (Danio rerio) is another vertebrate model that can be used to better understand the
mechanisms behind and develop treatments for a number of eye disorders such as cataracts, glaucoma,
diabetic retinopathy, age-related macular degeneration (AMD), photoreceptor degeneration, etc.
Because of their genetic and embryonic accessibility as well as a behavioral assessment of their visual
function, zebrafish are a popular model in ophthalmology. In investigations on ocular toxicity, zebrafish
have also been utilized extensively. It has been proposed that several common human ocular toxicants
have comparable toxic effects on zebrafish due to the physical and functional similarities between
human and zebrafish eyes. Zebrafish eyesight develops rapidly; the little larvae are reliant on visual cues
as early as day 4, and their behavioral reactions to these signals may be monitored in high-throughput.
In addition to a comparative anatomy of the zebrafish eye and its key distinctions from the mammalian
eye, this article shows the useful applications of this underutilized model for ocular disorders and
toxicity assessment.
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1. INTRODUCTION

Visual impairment is a major global public need new animal models that closely mimic
health concern. Around the world, cataracts ocular human physiology and pathology, and
are the leading cause of blindness, with which will provide better throughput drug
glaucoma, AMD, and diabetic retinopathy (DR) screening [21.

trailing closely behind [l. To develop new ) ) ) )
Zebrafish (Danio rerio) serve as an animal

model organism that not only achieves these
goals but also, compared to current rodent
models, is a more accurate reflection of the
human experience in many aspects.
Additionally, they are much more suitable

treatments, it is imperative to understand the
pathogenic mechanisms, developmental
processes, genes and other factors behind
ocular diseases. Further, we need to develop
novel pharmacological treatments. For that, we
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candidates for ocular models because the
conventional species employed in nonclinical
trials like dogs, rabbits, and rats, rely mostly on
their senses of smell and hearing to navigate
their environment, due to which toxins that
affect vision may go undetected during the in-
life phase of the investigations [3l. As per 2010
European Commission Directive (Directive
2010/63/EU), using zebrafish before they
become independent from the maternally
derived yolk that is about 120 hours post-
fertilization (hpf), is accepted as a substitute
for animal testing.

Over the past ten years, zebrafish have become
more and more popular as models for studying
a variety of human disorders, and they are
currently being employed more frequently to
examine ocular defects in people. Zebrafish
models have already been used to study a
variety of human eye diseases, such as
glaucoma, cataracts, diabetic retinopathy, and
age-related macular degeneration. Their
popularity can be attributed to numerous
factors. Zebrafish are inexpensive to maintain
and can reproduce in great quantities. After
three to four months, they reach sexual
maturity, and each pair can produce 200 to 300
young ones every week Bl It is possible to
watch the organogenesis taking place inside
the embryo in real time since the eggs fertilize
and grow into transparent embryos outside of
the mother. Because the embryos have a
diameter of only 1 mm, they may be easily
dispersed and kept in 96-well plates, making it
easier to use modest amounts of drug solution
in drug screening procedures. Furthermore, a
multitude of tiny compounds can pass through
embryos, making medication delivery simple.
Zebrafish are a popular model for higher-
throughput screening of small compounds
because of the enormous number of embryos
they generate every clutch [l This is necessary
for preclinical drug development and toxicity
assessment. A wide range of human diseases,
such as inherited muscular diseases,
neurological conditions, TB, cancer,

Bull. Pharm. Res. 2025;15(52)

cardiovascular diseases, hematopoietic and
infectious diseases, have so far been modeled
by zebrafish. Zebrafish are also a useful
vertebrate model for researching conditions
connected to eyesight. But there are a few
minor variations between the zebrafish and
human visual systems that should be
considered. Hence it is imperative to study
zebrafish in detail to explore it as an animal
model. This article addresses the application of
zebrafish in development
pharmaceuticals for treating ocular disorders.

evaluation of

1.1 Anatomy of Zebrafish

Three separate embryonic layers give rise to
the eye components in both zebrafish and
human embryogenesis. The neuroectoderm is
the source of the optic stalk, pigmented
epithelium, retina, and ciliary body, among
other structures. The surface ectoderm is the
source of the lens, conjunctival epithelium,
epithelium, and
Mesenchyme generated from neural crest cells
gives rise to the corneal endothelium, iris
stroma, and sclera [51.

corneal corneal stroma.

All five layers of the human cornea—the
epithelium, bowman's layer, stroma, dermal
membrane, and endothelium—are present in
the cornea of zebrafish. The mature zebrafish
cornea has a thickness of about 20 mm. Similar
to the human cornea, the epithelium is made
up of around five layers of squamous cells [6l,
Tight junctions and desmosomes connect the
membranes of the outermost cells, which
feature microvilli and microplicae. These traits
are essential components of the cornea's
structural integrity. Bowman's layer, a layer of
collagen fibres that divides the epithelium from
the stroma, may aid in the healing process
following corneal damage in humans. The
corneal stroma of zebrafish is composed of
roughly thirty layers of collagen fibres and
measures about 6 mm in thickness.

Zebrafish and human being visual systems are
essentially similar, however there are some
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noticeable anatomical variations. As a result of
the spheroid rather than ellipsoid nature of the
zebrafish lens, the volume of vitreous in the
zebrafish eye is significantly less than in the
human eye. Zebrafish's visual system develops
quickly because they rely on light to find food
and utilize eyesight to defend themselves from
predators. Beginning at 32 hours post
fertilization (hpf), the retinal structure
develops incredibly quickly within 5 days after
fertilization (dpf). The zebrafish retina starts
to operate by that point. Zebrafish lack the so-
called macula, a specific region of the retina
that is accountable for high acuity vision, in
contrast to the retina of mammals. As the
zebrafish iris lacks muscle, contraction or
dilation of the pupil does not occur [7l. The
aqueous humor found in the anterior segment
of most vertebrates serves as a barrier
between the cornea and the lens. The ciliary
body processes in human eyes create aqueous
fluid circumferentially through their epithelial
cells. The ring-shaped trabecular network at
the iridocorneal junction is where the aqueous
humor exits the eye after passing through the
iris pupil to reach the anterior segment. The
aqueous humor is circumferentially collected
in Schlemm's traversing the
trabecular network, and it is then transported
into the venous circulation [Bl. With a few
noteworthy exceptions, the zebrafish anterior
chamber's architecture and physiology are
comparable. The primary source of aqueous
humor in zebrafish is the non-pigmented
epithelial cells found in the corneal zone, which
is situated on the dorsal part

canal after

DANTIO RERTO

Bull. Pharm. Res. 2025;15(52)

Both functionally and physically, the zebrafish
and mammalian retinas are identical.

The retina's centre area is where neurogenesis
begins and is abundant. Five different types of
photoreceptors are found in the retina of
zebrafish. One rod type is sensitive to low light,
while the other four cone types are sensitive to
light in the red, green, blue, and ultraviolet
regions of the light spectrum. The inner
segments of red and green cones fuse together
to produce "double cones," but cones that
respond to "long" blue and "short" ultraviolet
wavelengths are single. The "area temporalis,”
a specialized portion of the temporal retina
with the highest density of cones, is thought to
contribute to improved visual acuity in the
anterior visual field.

As in the mammalian retina, Muller cells are
the primary glia cells and provide architectural
support to the retina of zebrafish. Muller cells
demonstrate adaptability and regeneration
potential during retinal damage. Muller cell
gliosis is frequently the outcome of retinal
damage in mammalian eyes. Activated Muller
cells, however, generate and secrete growth
factors
differentiation, proliferation, and migration,
forming the tissue's fibroblastic or membrane-
like profile.

that can cause cellular trans

OPTIC NERVE
COROID
CORNEA

MACULA

~IRIS -
"RETINA
HOMO SAPIENS

"MACULA ABSENT IN DANIO RERIO

Fig.1 Similarities between the human and zebrafish eye
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Table 1: Comparision of zebrafish vs human ocular strucutres

Ocular
Structure

Cornea

Lens

Retina

Macula / Fovea

Iris and Pupil

Aqueous Humor
Dynamics

Miiller Glia

Development
Timeframe

Eye Size

Transparency

Zebrafish

Five layers including
Bowman's layer; ~20
um thick

Spherical lens

Five photoreceptor
types (1 rod, 4 cones:
red, green, blue, UV)

Absent

Iris lacks muscles, no
pupillary reflex

Produced by corneal
epithelium; drained via
angle structures

Present; highly
regenerative

Fully functional retina
by 5 days post-
fertilization

~1 mm diameter at
larval stage

Embryos and early
larvae are transparent

Human

Five layers including
Bowman’s layer; ~500 um
thick

Elliptical lens

Four photoreceptor types
(1 rod, 3 cones: red, green,
blue)

Present (for high acuity
vision)

Iris muscles present;
controls pupil dilation

Produced by ciliary body;
drained via trabecular
meshwork & Schlemm's
canal

Present; limited

regenerative capacity

Months for full maturation

~24 mm diameter (adult)

Opaque

Comments

Structural similarity;
human cornea is
significantly thicker

Spherical lens allows
wider field of vision in
water

Zebrafish have UV-
sensitive cones; high cone
density supports visual
acuity

Zebrafish lack a
macula/fovea

No pupil dilation in
zebrafish

Different anatomical sites
but comparable
physiological function

Zebrafish Mu ller cells can
regenerate retinal neurons

Rapid development
enables early-stage
research

Smaller size suitable for
high-throughput assays

Transparency aids in in
vivo imaging and
developmental
observation
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1.2. Zebrafish models for ocular diseases
1.2.1. Cataract

Genes responsible for cataract includes
CRYBA2 gene and CRYGC gene. Under
typical circumstances, the crystalline
protein (bg, gC kinds) ensures transparency
in the lens and cornea and is also required
for refractive power [°l. Consequently, it is
anticipated that human cataract
development is associated with mutations
in the crystalline gene [10. Recently, a
cataract-causing gene has been identified
using a zebrafish animal model. Mutation of
the CRYBA2Z gene, a member of bg
crystalline causes congenital cataracts- [11].
Furthermore, mutation in CRYGC gene (gC-
crystalline) makes the lens less thermally
stable and increases the risk of lens opacity
when exposed to heat and UV radiation and

ultimately also leads to cataract formation
[12],

Bull. Pharm. Res. 2025;15(S2)

Similarly, cataracts linked to a gamma
crystalline defect caused by alpha A
crystalline are seen in the cloche zebrafish
mutant [131. Lens transparency is increased
and the development of lens fiber cells is
triggered when alpha A crystalline reduces
the insolubility of gamma crystalline. If the
lens can reach a significant alpha A
crystalline expression, cataract formation
may be prevented. Gene knockdown studies
have also been used to replicate congenital
cataracts in humans in zebrafish. For
instance, anterior segment abnormalities,
like as cataracts, are caused by mutations in
the PITX3 and FOXE3 genes, which are
expressed in the lens epithelium [14]. Table 1
exhibits different genes which are targeted
to create cataract model in zebrafish.

A corneal puncture is the first step in the
zebrafish cataract induction process, which
is followed by an intraocular hydrogen
peroxide injection into the anterior
chamber [15],

Table 2. Genes targeted in zebrafish model for cataract

Method Gene Ocular Phenotype Reference
Gene Targeted CRYAA(aA- crystal-like opacity sporadically | [16]
crystallin) spreading across the lens, or frequent

droplets covering a large fraction of the
lens

Gene Targeted GJA8 various sizes of lens opacity [17]

Gene Targeted PITX3 severe lens degeneration, lack of | [18]
anterior chambers and outer segment
structures

Gene Targeted MAB21L2 microphthalmia, colobomas, smalland | [19]
disorganized lenses, cornea dysgenesis
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1.2.2. Glaucoma

The gradual degradation of Retinal ganglion
cells (RGCs) and the optic nerve head
characterizes glaucoma, a group of adult-
onset retinal neuropathies [20]. Despite the
anatomical difference  of trabecular
meshwork and aqueous humour dynamics
in human and zebrafish, the overall
similarities in aqueous humour outflow
tissue structure and average intraocular
pressure (IOP) make zebrafish a potential
model to study the complex genetics of
glaucoma [21.22],

The main risk factors for glaucoma include

severe myopia, anterior segment
abnormalities (iris, trabecular meshwork,
and cornea), and elevated I0P, which occurs
before aqueous humor drainage obstruction
(23], Genes responsible for Glaucoma include

FOXC1, LMX1B.

The disease-risk phenotype of glaucoma is
well studied in zebrafish mutants and was
successfully modelled in zebrafish, for
example, by mutation of the FOXC1
(forkhead transcription factor) gene [24],
Zebrafish can be treated with the very
effective mutant ethyl-nitroso-urea (ENU) to
produce complex phenotypes caused by
mutations in numerous genes. Alternatively,
morpholions, an antisense modified
oligonucleotide, is specifically used to
inhibit the specific gene.

Bull. Pharm. Res. 2025;15(S2)

FoxC1 is essential for vascular basement
membrane integrity and FOXC1 is crucial for
the growth and upkeep of the anterior
segment of the eye and is expressed in
periocular mesenchymal cells and anterior
segment cells [25]. As a result, changes in the
iris, trabecular meshwork, and cornea that
resemble glaucoma are brought on by
mutations in this transcription factor.
Additionally, glaucoma-linked risk factors
have been examined in relation to the
mutation of the gene encoding for low-
density lipoprotein receptor-related protein
2, which is represented by the bugeye
mutant of zebrafish, through the use of
OMR, electroretinograms (ERGs), and
histological research [26]. The glaucoma-risk
phenotypes displayed by this  bugeye
mutant included larger eyes as a result of
elevated intraocular pressure, a decrease in
retinal ganglion cell counts after three
months, and outer retinal malfunction after
five months as a result of sustained
mechanical stress. Table 2 summarises
different glaucoma models in zebrafish.
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Table 3. Summary of zebrafish models for glaucoma
Method Injury Paradigm | Ocular Phenotype Model Reference
Gene Targeted FOX(C1 RGC loss POAG [27]
Gene Targeted Tg (Bugeye) Decreased retinal cell POAG [28]
densities and
diminished outer
retinal function
Gene Targeted CYP1B1 Neural crest migration | POAG [29]
into  the  anterior
segment
Chemical N-Methyl-D- RGC loss Glaucoma | [30]
Induced aspartic acid
(NMDA)
Oxidative Stress | Hydrogen RGC injury Glaucoma | [31]
Induced peroxide
1.2.3. Age-related macular In zebrafish, the administration of oral
degeneration (AMD) active anti-vascular endothelial growth
factor (anti-VEGF) showed a notable

It is distinguished by the appearance of a
pale yellowish lesion in the macula and
peripheral retina due to the accumulation of
drusen, an acellular polymorphous waste.
The pathophysiology consists of Bruch's
membrane, Retinal pigment epithelium
(RPE) and cone cell degeneration. Choroid
neovascularization is evident in later stages,
which eventually results in a loss of color
vision and visual acuity [32]. Zebrafish have
been used to research hypoxic retinopathy,
which is observed in Age-related macular
degeneration (AMD) and Diabetic
Retinopathy (DR) [331.

To create AMD model, adult zebrafish are
made hypoxic by submerging them in
hypoxic water for three to ten days. This
causes neovascularization, which results in
the development of immature, leaky, and
disordered blood vessels.

reduction in the pathogenic symptoms [34].
These results imply that VEGF-induced
hypoxia plays a in the
neovascularization of the retina in AMD and
DR.

crucial role

1.2.4.. Diabetic Retinopathy (DR)-

It has been demonstrated that
hyperglycemic zebrafish have similarities
with diabetic patients' aberrant retinal

architecture (351,

To develop DR model, adult zebrafish are
made hyperglycemic by alternating between
immersion in water and glucose solution for
28 days, then having their retinas examined.
In treated zebrafish, the thickness of the IPL
(inner plexiform layer) and INL (inner
nuclear layer) layers were found to be
drastically reduced, with the IPL layer being
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roughly 55% of the INL layer [351. This study
offered some evidence in favor of using
zebrafish as a model for drug resistance.
This result was supported by another study
in which zebrafish that had been given
hyperglycemia showed signs of vision
impairment.

The structural deterioration of the cone
photoreceptor neurons in this investigation
indicated that hyperglycemia had an impact
on them and with the application of
Electroretinogram (ERGs)- 3¢l. This study
revealed that clinical advantages in DR
might be obtained by combining neuro-
protective medicines with medications to
treat vascular problems. Moreover, DR in
humans is replicated by hypoxia-induced
retinal neovascularization or angiogenesis
in the adult Fli-EGFP-Tg
zebrafish model.

transgenic

In order to create transgenic zebrafish
models, foreign genes are frequently
inserted into zebrafish embryos. These
genes have the ability to encode fluorescent
proteins, such as EGFP (Enhanced Green
Fluorescent Protein), which under a
fluorescent microscope enables researchers
to see particular tissues or cells. It is
feasible to evaluate the therapeutic efficacy
of anti-angiogenic medicines using these
models (341,

1.3. Zebrafish model for ocular toxicity

1.3.1. Ethanol induced ocular toxicity
zebrafish model

Kashyap and team in 2007, developed a
model to assess the ocular toxicity of
ethanol to the zebrafish ocular tissue [371.
Reduced cell differentiation, delayed
development, and increased cell death are
some of the hypothesized processes behind
ethanol-induced ocular abnormalities.

Bull. Pharm. Res. 2025;15(S2)

Developmental defects may be due to
ethanol-induced  retinoic acid (RA)
signalling disruption, reactive oxygen
species (ROS) generation, and epigenetic
defects.

At 12 hours after fertilization (12 hpf),
embryos were treated with 0.003%
phenylthiourea (PTU), to prevent the
formation of melanin. Between 24 and 48
hours post fertilization, embryos were
treated with 1% or 1.5% ethanol solution in
glass beakers kept at 28.58°C and gently
covered with parafilm to reduce
evaporation. 100% ethanol was used in the
ethanol solution, which was then diluted
with  system water. It has been
demonstrated that the ethanol dosages
employed in zebrafish under long-term
therapy produce an embryonic phenotype
that is comparable to the fatal alcohol
syndrome in humans.

Retinal histology was evaluated by staining
embryo cyosection with 1% methylylene
blue/ 1% azure II (1:1). The processed
tissue was mounted in glycerol and viewed
under Nomarski optics using a Leica DMR
compound microscope [37],

Another zebrafish model for ethanol
induced photoreceptor toxicity was
developed in following way. After
fertilization, zebrafish embryos were reared
in fish water with different amounts of
ethanol for two to five days. Optokinetic
response (OKR) and electroretinography
(ERG) were utilized to examine the effects of
ethanol on retinal function, while histologic
and immunohistochemical investigations
were used to evaluate the impacts on retinal
morphology. Early on in their development,
zebrafish embryos exposed to both
moderate and high amounts of ethanol
showed morphological defects of the eye,
including hypoplasia of the optic nerve and
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suppression of the growth of the
photoreceptor outer segment.

According to the OKR, ethanol treatment
also resulted in an elevated visual threshold.
ERG analysis revealed a significant decrease
in both the a- and b-waves, indicating that
ethanol may have an impact on
photoreceptor function. Indeed, the OKR
visual threshold and the a- and b-wave
amplitudes were impacted by low doses of
ethanol that did not clearly alter the
morphology of the body or retina [38].

1.3.2.  Medroxyprogesterone acetate
induced ocular toxicity zebrafish model

Medroxyprogesterone acetate (MPA) is a
widely used synthetic progestin in
contraception pills and hormone

replacement therapy.

The model zebrafish is exposed to various
concentration of MPA to study its effect on
transcription of NOTCHI1A, DLL4, JAGIA,
CTBP1 and RBPJB (key genes in the Notch
signalling pathway) in the eyes of females.
25 larvae per replicate were chosen at
random at 21 dpf, and they were exposed to
MPA and solvent control in 5 L glass aquaria
with 3 L of exposure solution at 26°C and a
14:10 h light/dark cycle.

Every day, the exposure solution was
replenished and aerated (oxygen level >
75%). It had a pH of 7.0-8.0. 120 days
passed during the exposure (from 21 dpf to
140 dpf). The young zebrafish were moved
to 10 L glass aquaria with 6 L of exposure
solution at 60 dpf. All fish were put to sleep
with 0.01% MS-222 at 140 dpf, and the eyes
were removed. The RNA analysis shown the
increased transcription of NOTCH1A, DLL4,
JAG1A, CTBP1 and RBPJB (key genes in the
Notch signaling pathway) in the eyes of
females [391.

Bull. Pharm. Res. 2025;15(S2)

1.3.3. Phenanthrene induced ocular
toxicity zebrafish model

The phenanthrene was exposed to embryos
between 0 and 0.5 hours after fertilization
(hpf) at concentrations of 0.02, 0.2, and 2 M
(3.56, 35.6, and 356 g/L). Glass culture
plates containing 50 embryos each plate in
15 mL of zebrafish medium were used for
the exposures, and each of the three
treatments was repeated six times.

Every day, two fresh phenanthrene
solutions were added. Instead of
phenanthrene, the control group was given
an identical volume of DMSO (10 L/L). At 72
hours post fertilization, embryos were
retrieved for histological inspection, RNA
extraction, Western blotting, electrophoretic
mobility shift assay (EMSA), and chromatin
immunoprecipitation  (Chip). For the
phototaxis  response test, additional
embryos were grown to 7 days
postfertilization. Each analysis's embryos
were chosen at random, and they were
made unconscious using 0.06% ethyl 3-
aminobenzoate methane sulfonate salt (MS-
222).

The histology of shown that there is serious
development of retinal retardation,
apoptosis, and reduction in cell proliferation
in retina of zebrafish. Phenanthrene may
lead to abnormalities in the development of
the visual system. Phenanthrene exposure
decreased the expression of zinc finger E-
box binding homeobox 1 (ZEB1) and paired
box 6 (PAX6) and increased the expression
of aryl hydrocarbon receptor (AhR) and
microphthalmia-associated  transcription
factor (Mtif) [40.
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1.3.4. Norethindrone induced ocular
toxicity zebrafish model

Synthetic progestins such as norethindrone
(NET), which are synthetic sex hormones,
have the ability to influence numerous
biological processes through well conserved
mechanisms. Larvae are placed into
exposure solution-filled 250 mL borosilicate
glass beakers at a density of ten fish each
after hatching. Exposure of 28-DPH
zebrafish to 500 ng/L NET significantly
altered the expression of 1277 genes. A
pathway study revealed implications for a
number of physiological processes in larvae
exposed to NETs, including steroid
biosynthesis and glycerolipid metabolism
pathways.

However, it was anticipated that exposure to
ELS NET would have the greatest effect on
two pathways: phototransduction, which
involves 8 genes, and protein processing in
the endoplasmic reticulum, which involves
17 genes. For  three of  the
phototransduction genes PDE6A, GNAT 1,
and ARR3A qPCR analysis verified a similar
direction and degree of fold change. The
downregulation of eight gene involved in
phototransduction cascade are responsible
for affecting the vision of fish.

These include the transducin (GNAT, GNG)
and phosphodiesterase (PDE6) families,
which subsequently transfer the signal from
opsin and rhodopsin, and the opsin (OPN)
and rhodopsin (Rho) gene families, which
start the first steps in the phototransduction
cascade 11,

Bull. Pharm. Res. 2025;15(S2)

1.4. Functional vision testing for zebrafish
models

1.4.1. OMR Assay

The OMR experiment minimizes perceived
displacement by utilizing the zebrafish
larvae's natural tendency to swim in the
direction of optic flow. Either immobilized
or freely swimming larvae can be used 2],
Usually, the trunk and tail of the
immobilized larvae are free to move, but
their heads are stuck in agarose. Usually, a
movie with moving stripes or other patterns
that alternately show light and dark
environments that can be seen from below
and/or next to the larvae stimulates the
OMR. As the pattern moves, larvae
automatically swim in the same direction.
Response can be measured by measuring
location in relation to stimulus direction or
by watching videos of swimming behavior,
which is typical for immobile larvae.

1.4.2. OKR Assay

The OKR is a sign of a fully developed visual
system in zebrafish and is based on the eye
movement reflex in reaction to a moving
stimulus [431. It helps stabilize the image on
the retina to maintain visual acuity. The
OKR monitors eye movements, which
include swiftly resetting saccades in the
opposite direction and smooth pursuits
(slow phase) [44],

Only 5% of the zebrafish larvae respond to
the visual stimuli at approximately 74 hpf;
this percentage gradually rises to 100% by
80 hpf. The OKR increases by 96 hpf in both
the amount of time spent tracking the
stimulus and the tracking velocity of eye
movement.
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Using this technique, zebrafish larvae are
exposed to a visual stimulus—typically, a
moving circle of alternating black and white
stripes—after being immobilized to limit
their body mobility but preserve their
ability to move their eyes. The larvae move
their eyes in the direction of the moving
stripes in response to this stimuli.

In this context, it is possible to modify
experimental visual stimuli including
angular velocity, spatial frequency, and
contrast in order to better grasp a possible
fault. Adult fish can also benefit from this
procedure with a few experimental
modifications, such as a continuous supply
of oxygen-rich water while body movement
is restricted.

Fish responses from larvae or adults can be
processed in a matter of minutes thanks to
the assay's speed. Many zebrafish mutants
linked to defects in the visual system were
found and characterized using OKR.

These include the bumper mutant, which
has a defect in lens development, the noir,
dropje, and lakritz mutants, which have a
defect in retinal structure, the belladonna
mutant, which has an RGC axon misrouting,
and the grumpy and sleepy mutants, which
have an optic nerve disorder. Additional
instances of abnormalities in visual function
include the brass mutant, which exhibits a
phenotype resembling glaucoma.

In addition, OKR was also beneficial in
isolating a colour-blind mutant by changing
the colour of visual stimulus. In conclusion,
compared to the other approaches listed
below, the OKR seems to produce more
solid, dependable, and quantitative
behavioral data—especially now that
automated commercial systems are readily
accessible 441,

Bull. Pharm. Res. 2025;15(S2)

2. CONCLUSION

Globally, visual impairment is a significant
health issue. Developing new therapeutic
strategies thorough
understanding  of the  pathological
mechanisms underlying disease.

requires a

Similarly, it would be ideal to have animal
models that closely mimic eye pathology
and enable medium-throughput drug
screening. Zebrafish appear to be most
equipped to meet these needs in this
context because of its large clutch, quick
growth of the eyes, simplicity of
mutagenesis and genetic analysis, and
similar eye morphology to humans.

Zebrafish have been shown to have similar
characteristics to numerous human vision
problems, and for a large number of strains,
their visual capacity has already been
assessed through the use of tests that take
use of the fish's natural behavior. Thus, the
zebrafish model has promise for both the
development of novel treatment agents and
a deeper knowledge of ophthalmological
illnesses.

Zebrafish have been extensively utilized in
ophthalmology drug development
processes, including oculotoxicity testing
and the screening of novel anti-angiogenic
chemicals or neuroprotective medications.
Steady progress in  high-throughput
phenotyping indicates the potential uses of
zebrafish in drug discovery.
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ABSTRACT

Chewing gum has emerged as an innovative medium for drug delivery, providing both localized and systemic
effects within the oral cavity. This study focuses on the development and evaluation of a herbal medicated
chewing gum formulated with clove oil, oregano oil, lemongrass for its antibacterial efficacy. The chewing gum
was analyzed for critical physical and functional parameters, including color, stickiness, hardness, weight
variation, and drug release profile. An in vitro drug release study was conducted using a modified dissolution
apparatus to simulate real- life mastication conditions. Among the tested formulations, F2 demonstrated the
highest efficacy, achieving 93% drug release within 14 minutes, outperforming the other variations. The
antibacterial assessment against Bacillus subtilis, Pseudomonas aeruginosa, and Staphylococcus aureus further
confirmed the strong antimicrobial potential of the herbal formulation. The findings suggest that herbal
chewing gum can serve as a novel and effective drug delivery system for oral infections, offering improved
patient compliance and rapid therapeuticaction.
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1. INTRODUCTION

Mouth infections, like gum pain, sores, or
gingivitis, can be
uncomfortable and affect our overall oral
health. While traditional treatments often rely
on antibiotics or mouthwashes, many people
are now looking for natural alternatives to help
with healing. Herbal chewing gum is one such

conditions such as

option, using natural plant-based ingredients to
support oral health. [1.3]

Bacteria and Fungus lives on the skin and
inside the body, in places such as the mouth,
throat, gut, and vagina, without causing any
problems. Sometimes, Bacteria and Fungi can
multiply and cause an infection [213]
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1.1 Advantages of medicated chewing gum:
Medicated chewing gum has emerged as a
versatile drug delivery system, offering several
distinct advantages:
1.1.1 Dual Action: Localized and Systemic
Effects
Medicated chewing gum can provide both
localized effects, such as the treatment of oral
conditions, and systemic effects through buccal
absorption or by swallowing saliva. This dual
functionality enhances its potential as an
effective treatment option for a range of health
issues.
1.1.2 Improved  Patient Compliance
The use of MCG promotes better adherence to
medication regimens. The fast onset of action,
coupled with enhanced bioavailability, makes
this method particularly appealing. Drugs
delivered via chewing gum are partially
absorbed through the buccal mucosa, bypassing
first-pass metabolism, which further contributes
to their efficiency and effectiveness.
1.1.3 Suitability for Non-Cooperative Patients
Medicated chewing gum is especially beneficial
for patients who may struggle with conventional
oral therapies. This includes individuals who
have  difficulty  swallowing pills, are
uncooperative, or require a more convenient
and palatable drug delivery method (3141,
1.2 Disadvantages of conventional dosage
forms:
Despite their widespread use, traditional dosage
forms such as tablets, capsules, and syrups have
several limitations, particularly in specific
contexts:
1.2.1 Dietary and Timing Restrictions
Many medications used to treat oral infections
require precise timing and dietary
considerations. Taking these drugs immediately
before or after meals or consuming specific
foods can reduce efficacy or cause unwanted
drug-food interactions.
1.2.2 Potential Interactions with Alcohol and
Tobacco

Bull. Pharm. Res. 2025;15(52)

The use of alcohol or tobacco in conjunction
with certain medications can result in harmful
interactions, potentially compromising the
drug's effectiveness or causing adverse effects.
1.2.3 Risks during Prolonged Use or
Pregnancy

Extended or excessive use of certain
conventional drugs may pose significant health
risks. This concern is particularly relevant
during pregnancy, especially in the first
trimester, where the use of some medications
may increase the likelihood of adverse outcomes
for the developing foetus.!5!

2. MATERIALS AND METHODS

2.1 Materials:

Lemongrass oil was obtained from Young
Chemicals. Clove Oil was obtained from Oswal
Chemicals. Oregano Oil was obtained from R.V.
Essential. Polyvinyl Acetate was obtained from
Chemdyes Corporation. Polyvinyl Alcohol was
obtained from Chemdyes Corporation. Lanolin
was obtained from Research Lab Fine Chem
Industries, Mumbai. Calcium Carbonate was
obtained from Loba Chemie Pvt. Ltd. Talc was
obtained from Loba Chemie Pvt. Ltd. Sorbitol was
obtained from Sisco Research Laboratories Pvt
Ltd. Ester Gum was obtained from Kachabo
Gums. Paraffin was obtained from Pure Chem
Laboratories. Glycerine was obtained from
Research Lab Fine. Titanium Dioxide was
obtained from Pallav Chemicals. Microcrystalline
Cellulose was obtained from Yellow Chem
Products, Mumbai. Ascorbic Acid was obtained
from Research Lab Fine Chem. Magnesium
Carbonate was obtained from Research Lab
Pune.

2.2 Formulation method of Gum base:

¢ Preparation of gum base by using polyvinyl
acetate (Elastomer):

The preparation of the gum base involves a
systematic process to achieve a stable and
homogeneous product suitable for further
formulation.

e Melting of Core Ingredients
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The elastomer polyvinyl acetate (PVAc) is
carefully heated to a temperature range of 60-
80°C until fully melted. At the same time,
softening agents such as plasticizer, ester gum,
and wax are melted at a slightly
temperature range of 40-60°C. This controlled
melting prevents degradation and ensures the
ingredients maintain their functional properties.
e Combining Melted Components
The melted softening agents are then
transferred into a mortar and pestle, forming the
initial blend. The molten polyvinyl acetate is
gradually added to this mixture, ensuring even
distribution and creating a uniform base. This
step is crucial for achieving the desired elasticity
and texture.

lower

¢ Incorporation of Talc
To improve the consistency and handling
properties of the mixture, talc is added. The
mixture is then subjected to high-intensity
blending to ensure all components are uniformly
incorporated, resulting in a smooth and well-
integrated blend.

e Formation of the Gum Base
Through continuous mixing and careful control
of the process parameters, the mixture solidifies
into a gum base. This solid gum base forms the
foundational adding
ingredients, flavours, and other components in
subsequent formulation steps-[¢]

2.3 Select concentration of Lemongrass oil,
Clove oil and Oregano oil:

The antifungal activity of
combinations against Candida albicans was
assessed using an
experiment was carried out using the cup plate
method on Sabouraud dextrose agar medium,
following these steps:(71(8]

s Preparation of Agar Plates
The Sabouraud dextrose agar medium was
poured into sterile petri plates and allowed to
solidify.

* Inoculation of Fungal Suspension
once the medium had solidified, a suspension of
Candida albicans was evenly spread across the
surface of the agar using a sterile spreader to

matrix for active

various oil

in vitro method. The

Bull. Pharm. Res. 2025;15(52)

ensure uniform distribution of the fungal
culture.

Creating Wells in the Agar
Using a sterile cork borer, wells of 6 mm
diameter were carefully created in the agar
plates. These wells were designed to hold the oil
samples for testing.

Filling the Wells with 0Oil Samples
Different concentrations of the oil combinations
were prepared and filled into the wells. This step
was performed under aseptic conditions in a
laminar chamber to
contamination.

airflow prevent

. Incubation

the petri plates were then placed in an incubator
set at 37°C and allowed to incubate for an
appropriate duration to facilitate fungal growth
and interaction with the oil samples7]

2.4 Incorporation of oils in gum base:-

The process for incorporating oil combinations
into the gum base involves the following steps:
2.4.1 Melting the Gum Base
The gum base was heated in a water bath at a
temperature range of 60-80°C until completely
melted. This step ensured the gum
achieved a uniform consistency suitable for
mixing with other ingredients.

2.4.2 Mixing in Mortar and Pestle
The melted gum base was transferred to a
mortar and pestle, where the selected oil
combination was gradually added. The mixture
was continuously stirred to ensure the oils were

base

evenly dispersed throughout the gum base,
achieving a homogeneous blend.

2.4.3 Incorporating Talc Powder (if required)
to enhance the texture and workability of the
mixture, talc powder was added as needed.
Continuous mixing was maintained to achieve a
smooth and well-integrated final product(71i8]
2.4.4 Antibacterial activity against Bacillus
subtilis, Pseudomonas aeruginosa,
Staphylococcus aureus:

The antibacterial properties of lemongrass oil,
clove oil, and oregano oil were tested against
two Gram-positive bacteria (Bacillus subtilis and
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Staphylococcus aureus) and one Gram-negative
bacterium (Pseudomonas aeruginosa). [°1[101[11]

Table. 01: Selected concentrations of
Lemongrass oil, Oregano oil and Clove oil

Factors Ratio
Lemongrass | Clove oil | Oregano
oil oil
S1 2 1 1
S2 1 2 1
S3 1 1 2

2.5 Evaluation of herbal chewing gum:

2.5.1 Diameter and Thickness:

10 medicated chewing gum are selected and
then, the test for diameter and thickness is
carried out by using the Vernier calliper. Then
the value of the diameter and thickness is
taken.

2.5.2 Test for Hardness/Plasticity:

5 medicated chewing gum are selected and
then, the test for hardness is carried out by
using the Rockwell hardness tester. Then the
values of the hardness is taken.

2.5.3 Stickiness:

The MCG placed on the plan surface, mass of
110 gm pestle on it for period of ten minute.
The frequency of hammering was about 30
minutes:[10]

2.5.4 Elasticity study

The elasticity of the chewing gum was
evaluated using an analytical weighing
balance. The procedure involved the
following steps:
* Setup and Stretching

The lower clamp of the apparatus was held
stationary, while the upper clamp was used
to pull and stretch the chewing gum.
Stretching continued until the gum broke,
indicating the point at which it lost elasticity.
The weight required to break the gum was
recorded as a measure of its elasticity.

* Alternate Method
In another setup, one end of the chewing gum
was affixed to the bottom of the analytical
weighing balance, while the other end was
adhered to a flat surface. Incremental weights

Bull. Pharm. Res. 2025;15(52)

were added to the weighing balance, causing

the gum to stretch. The gum was stretched

until it broke, and the weight required at this

breaking point was recorded.

* In vitro release study:

The release of oils from the medicated chewing

gum (MCG) was studied using phosphate buffer
under simulated mastication conditions.

Release Study Procedure
The herbal chewing gum and phosphate buffer
were placed in a mortar, and mastication-like
conditions were simulated using a pestle. This
simulated chewing motion facilitated the release
of oils from the gum over time.

Sampling Intervals
The buffer samples were collected at specific
time intervals: O, 2, 4, 6, 8, 10, 12, 15, and 18
minutes. These samples were analysed to study
the release profile of the oils from the chewing

gum.

Comparison with marketed formulation:

> Marketed Formulation :

Candid mouth

paint (Clotrimazole) GLENMARK PHARMA

> Comparison of marketed formulation and
medicated chewing gum is through performing
antifungal activity against Candida albicans.

3. RESULT AND DISCUSSION

Table. 02 : Zone of inhibition for individual

oils
Sr. | Name of 0il | Bacterial species | Zone of
No inhibition
1 Lemongrass | a)Bacillus subtilis 32+3 mm
oil b)Pseudomonas 26+3 mm
aeruginosa 27+3 mm
c)Staphylococcus
aureus
2 Clove oil a)Bacillus subtilis 3742 mm
b)Pseudomonas 29+2 mm
aeruginosa 38+5 mm
c)Staphylococcus
aureus
3 Oregano oil a)Bacillus subtilis 29+2 mm
b)Pseudomonas 29+3 mm
aeruginosa 28+2 mm
c)Staphylococcus
aureus
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Shows preliminary trial batches prepared for the selection of oils. This study concluded that lemongrass
oil, clove oil and oregano oil show strong antibacterial activity (Table 2and figures 1,2,3 and 4)

[A] [B] [C]
Fig. 1: Antibacterial activity of lemongrass oil against

[a] Bacillus subtilis [b] Pseudomonas aeruginosa [c] Staphylococcus aureus

Fig. 2: Antibacterial activity of clove oil against

[A] Bacillus subtilis [b] Pseudomonas aeruginosa [c] Staphylococcus aureus

[A] [B] (€]

Fig. 3: Antibacterial activity of oregano oil against

[A] Bacillus subtilis[b] Pseudomonas aeruginosa [c] Staphylococcus aureus
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[A]

(B]

(€]

Fig. 4: Antibacterial activity of olive oil against
[A] Bacillus subtilis [B] Pseudomonas aeruginosa [C] Staphylococcus aureus

3.1 Evaluation of Herbal Chewing Gum
Physical evaluation of gum base

Table no. 3: Evaluation of Gum Base

Physical
appearance

Elasticity
study

1) Soft

2) Chewy

3) Reduced
tackiness

4) No odour or
taste

5) No colour
6) Non-toxic
7) Excellent
stability
against
oxidation and
UV light

8) High purity
9) Insoluble

7-9 cm

1) Soft

2) Chewy

3) Reduced
tackiness

4) No odour or
taste

5) No colour
6) Non-toxic
7) Excellent

stability against
oxidation  and
UV light

8) High purity
9) Insoluble

7.2 cm

Table no. 4: Evaluation of Herbal Chewing

In vitro release study against the Candida
albicans
Table no. 5: In vitro release study

Sr. No. Time Zone of inhibition
interval

1 Omin. Omm

2 2min. 12+2mm
3 4min. 14+2mm
4 6min. 15+3mm
5 8min. 20+4mm
6 10min. 24+3mm
7 12min. 25+2mm
8 15min. 27+3mm
9 18min. 27+4mm

Samp | Thickn Diam&¥M Hardness Elastici | Stic
les ess r (Mean Max | ty kin
Force) ess
S1 0.13cm | 0.1cm 4.3 8.2cm | 0%
S2 0.13cm | 0.1cm 5 7.9cm | 0%
S3 0.13cm | 0.1cm 4.8 8cm 0%
Aver 0.13 0.1 4.7 8.0 0%
age

The gum base showed good organoleptic

properties as compared to standard (Table 2).

Table 4 shows the in vitro release study of MCG
at a time interval of 0, 2,4,6,8,10,12,15, and 18
min. This study concluded that the oils are
released from chewing gum within a particular
time (Figure 5).

4 minutes

0 minutes 2 minutes
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8 minutes 10minute

18 minutes

15 minutes

12 minutes

Fig. 5: Zone of inhibition during in vitro drug
release

Comparison with marketed formulation:

Compare the antifungal activity of herbal

chewing gum with marketed medicated

chewing gum (Candid mouth paint)

Fig. 6: Zone of inhibition for optimized
formulation and marketed formulation

[a] Herbal chewing gum [b] Marketed
formulation

4. DISCUSSION

The present study aimed to develop and evaluate
an herbal medicated chewing gum formulated
with clove, oregano, and lemongrass oil to treat
mouth ulcers and oral infections. The findings
demonstrate that herbal chewing gum can be a
novel and effective drug delivery system with
significant  antibacterial and  antifungal
properties.

4.1 Antimicrobial Effectiveness

The antibacterial assessment of the formulated
chewing gum against Bacillus subtilis,

Bull. Pharm. Res. 2025;15(S2)

Pseudomonas aeruginosa, and Staphylococcus
aureus revealed strong antimicrobial potential.
Clove oil exhibited the highest antibacterial
activity among the tested essential oils, followed
by oregano oil and lemongrass oil. The observed
zone of inhibition indicates the potential of
these oils in preventing and treating bacterial
infections associated with oral ulcers and
gingivitis.

Furthermore, the in vitro antifungal study
against Candida albicans demonstrated that the
herbal formulation exhibited notable antifungal
activity, with an increasing zone of inhibition
over time. This suggests that herbal chewing
gum could be an effective alternative to
marketed antifungal formulations like Candid
Mouth Paint (Clotrimazole).

4.2 Drug Release Efficiency

The in vitro drug release study conducted under
simulated mastication conditions showed that
93% of active ingredients were released within
14 minutes for the most effective formulation
(F2). The rapid release of herbal extracts
suggests an enhanced therapeutic effect,
allowing for quick relief from mouth infections
and improved bioavailability. Compared to
traditional dosage forms, the chewing gum
formulation bypasses first-pass metabolism,
leading to better drug absorption.

4.3 Physicochemical Properties of the
Chewing Gum

The physical evaluation of the formulated
chewing gum confirmed its suitability for oral
administration. The gum demonstrated optimal
hardness, elasticity, and stickiness, ensuring
patient compliance and ease of use. The gum
base formulation also provided good stability,
non-toxicity, and no unwanted taste or odor,
making it a palatable and effective alternative to
conventional treatments.

4.4 Comparison with Marketed Formulations
A comparison of the herbal chewing gum with
marketed formulations (such as Candid Mouth
Paint) showed comparable or superior
antimicrobial  activity. The  herbal-based
formulation provides additional benefits,
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ABSTRACT

To estimate metoprolol tartrate (MT) in commercial tablet formulations and bulk medication formulations,
stability-indicating HPTLC The strategy was created in according with International Council for Harmonization
criteria. The separation of components was performed through chromatography using a specific mobile phase
made up of 8:2:0.2 (v/v/v) toluene, methanol, and glacial acetic acid on Silica gel-coated plates 60F254 HPTLC
plates. A clear and compact band for MT was produced by the system, with an Rf value of 0.25 + 0.02. The TLC
scanner was adjusted to 222 nm for Analyte densitometric measurement in absorbance mode. The technique
demonstrated a linear calibration curve across the 100-600 ng/band range with a calibration curve (R? >
0.996) showing a significant correlation between analyte concentration and peak regions. The proposed
method's accuracy was evaluated using the standard addition methodology, which resulted in a percent
recovery of 99.96%. Stress testing was carried out in compliance with ICH recommendations, and the results
revealed that MT degraded under alkaline stress conditions. According to ICH recommendations, the response
standard deviation and slope were utilized to calculate the Limit of Detection (LOD) and Limit of Quantification
(LOQ) employing a validated method. Forced degradation studies were performed under acidic, alkaline,
thermal, oxidative and photolytic conditions. The method proved effective for detecting and quantifying
degradation products in the formulation. Mass spectrometry was employed to elucidate the structure of the
alkaline degradation product, which had been isolated using a validated preparative HPTLC method.

Keywords: Metoprolol Tartrate, HPTLC, Mass Spectroscopy, Force Degradation, Validation.
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1. INTRODUCTION
The chemical name of metoprolol tartrate is 1-[4-
(2-methoxyethyl)  phenoxy]-3- [amino (1-
methylethyl)] propane. The chemical formula for
2-propanol hemitartrate is

to severe hypertension, angina pectoris, heart
failure, and acute myocardial infarction (MI). It
can also be used to prevent migraine headaches
and treat tachyarrhythmias and supraventricular
problems. At lower dosages, metoprolol primarily

(C15H25N03)2:C4H606, and its molecular weight
is 684.81. This 31-selective adrenergic antagonist
is primarily employed in the management of mild

inhibits cardiac B1-adrenergic receptors, with
little effect on vascular smooth muscle and lung
[32-adrenergic receptors. Schematic diagram of
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Metoprolol Tartrate structure show in Fig.No.1

o
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O/H/\N/I\CH;;
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OH

Fig. No. 1: Schematic diagram of Metoprolol
Tartrate structure
According to the literature review, the only
methods available for determining MT on its own
are UV and HPLC. However, the examination of MT
in pharmaceutical dose form and bulk, no stability
showing HPTLC approach along with degradation
has been recorded. formulation (tablet).
guidelines were followed in the process of
optimization and validation of the recommended
approaches. Metoprolol tartrate acts by competing
with catecholamines and other adrenergic
neurotransmitters for binding to P1l-adrenergic
receptors in the heart, which reduces Heart rate,
Blood pressure, and Cardiac Output.

2. MATERIALS AND METHODS

2.1 EXPERIMENTAL

Sava Healthcare in Pune, Maharashtra, India,
provided a gift sample of pharmaceutical-grade
metoprolol tartrate with a purity of 99.9%. Flexeril
tablets with 25 mg MT as stated on the label were
bought from a nearby drugstore.Toluene, Ethyl
acetic acid and glacial acetic acid have been
employed as solvents, with all substances and
reagents utilized being of HPLC or AR grade
quality.

Production of the primary stock solution A

A 10 mL volumetric container was filled with a
precisely weighed 10 mg sample of standard
metoprolol tartrate (MT). After dissolving the
sample with an appropriate amount of methanol,
the sample was agitated and sonicated for 15
minutes. Methanol was subsequently added to
adjust the volume, achieving a final concentration
of 100 pg/mL.

Selecting and optimizing the mobile phase's
composition

Bands of standard stock solution (4 pL each) were
put on TLC plates in 6 mm broad aliquots. To
produce a recognizable and symmetric peak for

Bull. Pharm. Res. 2025;15(52)
the drug, a variety of solvents with varied

polarities and combinations were used. After
assessing multiple solvent system adjustments,

quate Rf alue Flgure No. 2 shows an
example MT den51togram

Selecting the wavelength for the isolated
band's densitometric analysis

To determine the optimal wavelength for
densitometric analysis of the separated band, a 4
uL portion of the standard stock solution was
applied to a TLC plate using a CAMAG LINOMAT-V
automatic sample applicator. The plate was
developed in a twin-trough glass chamber that
had been pre-saturated with the mobile phase for
15 minutes. Following development, the plate was
removed and allowed to air dry. The bands on the
TLC plate were then scanned across a wavelength
range of 200 to 700 nm. Spectral analysis
indicated that Metoprolol Tartrate (MT) exhibited
a prominent maximum absorbance at 222 nm.

200

Ak aGanermada

|

Fig. No. 2: Typical

densitogram of MTP

2.2 INSTRUMENTATION
HPTLC analysis was conducted using a Camag

instrument. Chromatography was carried out on
10 cm x 10 cm aluminum-backed plates, pre-
coated with a 0.2 mm layer of silica gel 60 F254 (E.
Merck, Germany). Sample application was
performed using a Camag Linomat V applicator,
fitted with a 100 pL. Hamilton syringe (Bonaduz,
Switzerland). Samples were applied as 6 mm wide
bands, spaced 5 mm apart, under a continuous
nitrogen stream at an application rate of 150 nL/s.
Separation was achieved with a mobile phase
composed of toluene, methanol, and glacial acetic
acid in a 8:2:0.2 (v/v) ratio. The plates were
developed to a distance of 80 mm in a twin-trough
glass chamber, pre-saturated with mobile phase
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vapors for 10 minutes. Densitometric analysis was

performed at 222 nm using a Camag TLC Scanner
III in reflectance-absorbance mode, with a
deuterium lamp. Data acquisition and analysis
were conducted with WINCATS software version
4. The scanning parameters included a slit size of
5mm x 045 mm and a scanning speed of
20 mm/s. Detection was based on the intensity of
the reflected light from the chromatographic
spots.

Calibration plots for MT

To obtain a final concentration of 1000 pg/mL,
10 mg of metoprolol tartrate (MT) was precisely
weighed and transferred into a 10.0 mL
volumetric capillary container. It was then diluted
to the calibration mark using methanol. A
LINOMAT V automatic sample applicator and a
microsyringe were used to apply the prepared
solution in volumes ranging from 1 to 6 pL to a
TLC plate. The sample Plates were then made
manufactured and tested using  the
chromatographic parameters that had been
established. Each drug concentration's peak area
was measured, and A curve for calibration was
created by graphing the concentration against the
peak area for MT. Calibration curve for MT display
in Fig. 3

Making a sample solution for the analysis of a
commercial formulation

An accurately weighed amount of tablet powder,
equivalent to approximately 25.0 mg of
metoprolol tartrate (MT), was transferred into a
10.0 mL volumetric flask. Methanol was added to
the flask, and the mixture was sonicated for 15
minutes to ensure thorough dissolution. The
volume was then made up to the mark with
methanol, and the solution was mixed well. The
resulting solution was filtered through Whatman
filter paper No. 42. Four bands of the sample
solution (4.0 puL each) and two bands of reference
solution A were applied to a TLC plate. The plate
was subsequently developed and scanned under
optimized chromatographic conditions. The
concentration of the drug in the sample was
determined by comparing the average peak area
of the sample bands to that of the standard bands.

Bull. Pharm. Res. 2025;15(52)

2.3 VALIDATION METHODS

The procedure was validated using the
International Council
recommendations.
Accuracy

Harmonization

A precisely weigh portion of tablet powder, which
is comparable to approximately 10.0 mg of
Metoprolol Tartrate (MT), was placed into each of
nine separate 10.0 mL volumetric flasks. To obtain
recovery levels of 80%, 100%, and 120%, the
samples were supplemented with MT (8mg, 10
mg, and 12mg, respectively). All solutions were
made with methanol as the diluent. Each level of
analysis was repeated three times, and accuracy
was measured using the percentage recovery.
Result of accuracy study shown in Table No. 2
Precision

Precision studies were conducted to assess the
method's reproducibility and repeatability. The
process described for The evaluation of the
commercially accessible formulation was followed
in the preparation and analysis of the sample
solution. studying the sample solution three times
in a single day allowed for the assessment of intra-
day precision, whereas studying the sample
solution across three days in a row allowed for the
determination of inter-day precision. Results of
Precision Studies shown in Table No.3
Robustness

To test the stability of the indicated approach,
slight but intentional modifications were made to
the ideal parameters. The effect of various
variables on the drug's Rf value and peak area has
been examined by varying the mobile phase
composition, chamber saturation time, mobile
phase volume, the time between sample
application and development (5min, 10min, and
15 minutes), and the time between development
and scanning (5min, 10min, and 15 minutes). The
mobile phase composition was adjusted slightly
by *0.1 mL for each component, with two
variations tested: Toluene, Methanol, and Glacial
Acetic Acid in ratios of 1.9:8.1:0.2 (v/v/v) and
2.1:7.9:0.2 (v/v/v). Furthermore, differences in
the mobile pohases volume (9 mL, 10 mL * 0.1
mL, and 11 mL) and chamber saturation time (5,
10 * 5 minutes, and 15 minutes) were examined
to determine their effects on chromatographic
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performance.

Limit of Detection (LOD) and Limit of
Quantitation (LOQ)

The Limit of Detection (LOD) and Limit of
Quantification (LOQ) were calculated separately
based on the standard deviation of the responses
obtained from the calibration curve. These limits
were determined using the slope (S) of the
calibration curve and the standard deviation (o) of
the y-intercept, applying the formulas: LOD =
3.30/S and LOQ = 100/S.

Forced degradation studies

The sample was subjected to a range of stress
conditions, such as oxidative (3% H20;), acidic
(0.1 M HCI) and Basic or Alkaline (0.1 M NaOH) in
order to perform forced degradation tests. The
samples were refluxed for three hours at 80°C in a
water bath to achieve these conditions.
Furthermore, the sample was stored at 60°C to
test thermal degradation and evposed UV to
radiation (254 nm) for 24 hours to evaluate
photodegradation. Following the specified time
intervals, all samples were taken out, given time
to cool, and then examined using the method
described for MT analysis in the commercial
formulation. Result of Force Degradation studies
shown in Table No. 05

3. RESULT AND DISCUSSION

Mobile phase optimization

To optimize the mobile phase, different ratios of
Glacial Acetic Acid, methanol, and toluene were
investigated. The ratio of toluene: methanol:
glacial acetic acid (8:2:0.2 v/v/v) was chosen as
the mobile phase out of all the combinations that
were assessed. The generated bands had a
respectable Rf value of 0.25 for MT and were
dense and clearly delineated. Furthermore, when
the Plates were examined at 222nm the peaks
showed no tailing and were symmetrical.
Linearity

In contrast to peak heights, peak regions showed a
higher linear association with concentration,
suggesting that MT offered a linear detector
response. The linearity of the procedure was
confirmed by the highest correlation coefficient (r
= 0.996) shown by the MT calibration curve.

Bull. Pharm. Res. 2025;15(52)

Analysis of the commercial formulation

A percentage of the labeled claim was used to
represent the outcomes of a pharmaceutical
formulation that contained 25.0 mg of metoprolol
tartrate (MT). The excipients did not cause any
interference. Table No. 1 indicates that the MT
content was approximately 100%. The method's
efficacy and dependability for routine analysis
were demonstrated by the low standard deviation
(SD) number.

Recovery studies

To determine the correctness of the suggested
approach, recovery tests has been done using the
standard addition procedure, with results
expressed as a percentage. The average
percentage recovery for each chemical at various
levels of concentration has been determined and
released, along with the standard deviation.The
rate of recovery for MT at 80%, 100%, and 120%
was determined to be satisfactory, as shown in
Table 2, demonstrating that the proposed
technique is valid.

Vo= GETEG 4+ OZEIT M o= 08955 adu = 48949
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Fig. No. 3: Calibration curve of MT
Table No. 1: Summary of Analysis Results for
Marketed Formulation

Drug % standard Relative
Estimation Deviatio Standard
(mg/tablet n (+) Deviation
) ()

MT 101.13 +1.51 +1.49
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Table No. 2 : Result of accuracy study

Bull. Pharm. Res. 2025;15(52)

Table No. 4: Result of Interday Precision
*denotes average of three determinations

Drug Amountof 9% Mean S.D. %R..D
drug value
taken(mg) obtained
8 100.82 0.87 0.86
MT 10 99.58 1.40 1.40
12 99.50 1.08 1.08
Robustness

The effect of minor changes in chamber
saturation duration (*5 minutes), mobile phase
volume (*1 mL), and mobile phase composition
(¥0.1 mL) on the drug's Rf value was assessed.
Under these slight variations, the approach
showed stability, as the percentage RSD for Rf
stayed below 2% under all
circumstances. These results validate the

values

robustness of the established technique.
Outcome of the Forced Degradation Study
Table No. 5: Result of Force Degradation

Sr. Amountof Amoun Quantity of Percentag
no tablet tofthe drug e (%)
powder Drug recovered Recovery
weighed added (mg)
(mg) (mg)
MT MT MT
1 100 8 8.11 101.48
2 100 8 8.09 101.15
3 100 8 7.98 99.83
4 100 10 9.83 98.37
5 100 10 9.98 99.84
6 100 10 10.05 100.53
7 100 12 11.81 98.47
8 100 12 11.93 99.39
9 100 12 10.07 100.64
Mean 99.9
6
S.D. 1.09
%R.S. 1.09
D
Precision Study Results
Intraday
Table No. 3: Precision Study Results
Drug Amount % Mean S.D. %R.S.D
of drug obtained
taken
(mg)
8 100.82 0.87 0.86
MT 10 99.58 140 1.40
12 99.50 1.08 1.08

*denotes average of three determinations
Interday precision

studies
Stress Assay Rf value of
testing percentage of the
conditions  the active degradation
pharmaceutical product
ingredient
(API)
Acid (0.1 M 89.62 0.06,
HCl, 80°C 0.37,0.79
for 3 hrs)
Base/Alkali 83.57 0.34,0.59
(0.1 M
NaOH, 802C
for 3 hrs)
Oxide (3% 88.91 0.04,
H202, 802C 0.39,0.72
for 3 hrs)
Heat (602C  95.51 0.49,0.60,0.66
for 24 hrs)
Uv- 97.10 0.30
Exposure
(254 nm
for 24 hrs)
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Figure No. 4: Densitometric HPTLC profile of
MT after treatment under acidic stress
conditions
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Flgure No. 7: HPTLC den51togram of MT under
the presence of hydrogen peroxide
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Figure 5 : HPTLC densitogram of MT subjected
to alkaline stress conditions
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Figure No.6: HPTLC densitogram of MT
subjected to thermal degradation conditions

Figure No.8: HPTLC densitogram of MT
subjected to photolytic stress conditions
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ABSTRACT

Triple-negative breast cancer (TNBC) is an aggressive subtype of breast cancer characterized by the
absence of estrogen, progesterone, and HER2 receptors, making it resistant to conventionally targeted
therapies. Nanotechnology-based approaches have emerged as promising strategies to overcome the
challenges associated with TNBC treatment, offering enhanced drug delivery, improved tumor targeting,
and reduced systemic toxicity. This review explores various nanotechnology platforms, including
liposomes, polymeric nanoparticles, dendrimers, and inorganic nanocarriers, that have been employed
for TNBC therapy. Additionally, the potential of nanomedicine in personalized treatment, immunotherapy,
and overcoming multidrug resistance is discussed. The advancements in preclinical and clinical studies
highlight the potential of nanotechnology in revolutionizing TNBC management. However, challenges such
as scalability, regulatory hurdles, and long-term safety must be addressed to facilitate the clinical
translation of these nanotherapeutics.
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1. INTRODUCTION essential markers, including ER, PR, and HER2.

TNBC fails to respond to hormonal or HER2-

Breast cancer is the uncontrolled development targeted treatments because it lacks the

of breast tissue, especially of the ducts for milk  essential molecular targets, making

with lobules. Only 10% of events of breast cancer  conventional chemotherapy, as well as surgery

occur in lobules, whereas 80% of cases occurin  and radiation, the only available treatment

milk ducts and are referred to as ductal options. The challenging characteristics of TNBC

carcinomalll. TNBC belongs to the aggressive include rapid spread of cancer cells and
breast cancer subtypes because it lacks all three  reemergence, as well as unpropitious survival
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prospects, demanding the swift introduction of
new therapeutic approaches [21.

A standardized therapy plan does not exist for
TNBC treatment. Due to the invasive nature of
TNBC cells, patient lifetimes are shortened to 18
months when they spread to organs such the
liver, brain, and lungs Bl. The survival duration
for TNBC patients becomes significantly shorter
after metastases spread to areas outside the
primary sitel4l,

1.1 Subdivision

TNBC shows identical genetic expression
pathways to basal-like breast cancer (BLBC)
subtype. Six TNBC subtypes were found by
research, including immunomodulatory subtype
(IM), mesenchymal subtype (M), mesenchymal
stem-like subtype (MSL), luminal androgen
receptor subtype (LAR), and basal-like 1 (BL-1)
and basal-like 2 (BL-2) [51.

1.1.1. Basal-like 1 (BL-1)

The BL1 subtype demonstrates
activity of genes that control cell replication
through Aurora kinase and MYC mechanisms.
This mutation activates a set of genes, including
those related to cell cycle progression and DNA
damage response pathways.

Highly proliferative and sensitive to platinum-
based chemotherapy and PARP inhibitors [6].,
1.1.2. Basal-Like 2 (BL-2)

Research suggests that BL2 cells activategrowth
factor signaling through the Epidermal growth
factor receptor (EGFR), together with the
Wingless/Integrated Insulin-like growth factor 1
receptor (IGF-1R), mesenchymal-epithelial
transition (MET), the Wnt, and others.

Like the BL2 subtype, the MSL subtype enhanced
gene expression for growth factor signal
transmission [71.

1.1.3. Luminal Androgen Receptors

Through their activation mechanism, the luminal
androgen receptors control steroid synthesis
and porphyrin production and regulate both
androgen and estrogen metabolism.

The presence of an androgen receptor in most
TNBC cases indicates a good chance of patient
survival. The prognostic value of AR makes it

increased
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serve as an indicator. The expression levels of
androgen receptor in this subtype are ten times
stronger than those in other subtypes. Research
findings indicate that patients with TNBC who
express AR positivity can benefit from AR
inhibitor treatments (891,
1.1.4. Subtypes for mesenchymal and
mesenchymal stem-like
The mesenchymal stem-like subtype contains
elements that block EGFR and control calcium
signaling and G-protein receptor pathways, in
addition to components related to cell
differentiation and motility. The expression of
signal transducer and activator of transcription
(STAT) genes demonstrating a high activity
level was the distinguishing feature of T-cells,
B-cells, and natural killer cells.
The M subtype demonstrates changes that
modify cell connection with extracellular
matrix (ECM) receptors. Cancer stem cells and
epithelial-mesenchymal transformation
(EMT) serve to identify features of the M
subtype cancer. [10] The MSL cell lines
responded well to PI3K/mTOR inhibition and
Src inhibition treatments which reduced EMT
and growth factor signalling pathways [111.
1.15. Immunomodulatory Subtype
The class exhibits matching characteristics
with basal-like breast cancer. The potential
survival expectations in this subtype are
promising even though the pathological
examination results indicate a high grading.
The subtypes remain unevasive to immunity
because immune signaling signals become
saturated. The tumors may gain immune
escape through two mechanisms that include
drawing Activating immune-mediated barrier
molecules and immune suppressive cells thus
offering potential therapeutic value from
immune checkpoint blockade treatment [12],

1.2 Targeted Treatment for TNBC

1.2.1. Inhibitors of PARP

The biological entity functions as poly (ADP-
ribose) polymerase and exists among
molecular entities. Research examined if
PARP inhibitors could provide treatment for
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BRCA-deficient cancer types. The HRR system
needs both BRCA1/2 genes to fix DNA
damages. The genes actively participate in
DNA damage response processes by fixing
double-strand breaks (DSB) and paused
replication (13l FDA has approved PARP
inhibitors as medical drugs although BRCA
mutations exist in only twenty percent of all
cancers. Medical organizations have
approved five medications for clinical use as
PARP inhibitors, including talazoparib,
olaparib, veliparib, niraparib, and rucaparib.
Studies are progressing with veliparib and
niraparib for TNBC as the FDA already
approved their use for BRCA-mutant TNBC [14-
16],

1.2.2. Androgen-receptor blockers

ARs belong to the nuclear steroid hormone
receptor family. AR activates by such as the
ERK-dependent path or the ERK-
independent pathway.

Forkhead box protein 01 (FOX01) is
eliminated, mTOR is phosphorylated, and
PKA is activated in the ERK-independent
path, whereas cytoplasmic AR interacts with
proteins including PI3K, Ras GTPase, and Src
proteins in the ERK-dependent pathway. In
the last stage, these activation pathways
cause new blood vessels to grow, cells to
divide, metastasis to happen, and EMT to
happen [17l, The study shows different
contradicting results about prostate cancer
features ranging from nuclear grade
assessments to lymph node metastasis
involvement
Enzalutamide functions as a novel targeted
AR inhibitor because it competes with the AR
to establish a binding relationship that stops
AR movement to the nucleus [19].

1.2.3. VEGFR Blocker

VEGFR is a member of the protein family
known as receptor tyrosine kinases (RTK). An
enzymatic receptor, a
receptor tyrosine kinase, consists of an amino
acid tyrosine kinase domain and a helical
transmembrane structure with an extrinsic
binding zone [20]. The protein VEGF causes

and mortality risks [18l.

transmembrane
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tumor cells to multiply while promoting
blood vessel development in cancer growth.
The development of breast cancer depends
significantly on this factor. Higher VEGF levels
in TNBC correlate to worse treatment results
no matter what the tumor measurements or
metastasis stages [21]. Tumor cell proliferation
relies heavily on angiogenesis, which leads
healthcare providers to use bevacizumab as
an FDA-approved therapeutic agent for TNBC
due to its monoclonal antibody function
against VEGF receptors. Research showed
that adding bevacizumab in neoadjuvant
therapy increased the rate of PCR [22],

1.2.4. EGFR Inhibitors

The therapy of cancer shows potential
through the biological target known as EGFR
(23, According to new research, EGFR is
involved in the development of TNBC as well.
Previously, it was thought to be a target of
lung cancer alone 241, It has been discovered
that EGFR antibody and translation are
expressed more in TNBC than in normal
tissue [251. The effectiveness of treating TNBC
may be improved by inhibiting the EGFR
protein. Little interference RNA, that attack
Epidermal messenger RNA, or mRNA,
selectively, can be used to achieve cell death.
The free form of siRNA demonstrates
instability when introduced to bloodstream
environment and
Nanotechnology has demonstrated its ability
to transport siRNA as well as standard
anticancer treatments inside TNBC. Still,
TNBC cells show diminished sensitivity to
EGFR blocker treatments compared to
gefitinib, which enhances the responsiveness
of HER-2, also specific lines of cells to
chemotherapeutic treatment [26l, The EGFR
inhibitors gefitinib and erlotinib along with
cetuximab function as pharmaceutical agents
for solid tumor management [27],

1.2.5. P13 /AKT/mTOR Inhibitors:

The crucial molecular signature of PI3Ks, a
component of the  PI3K-AKT-mTOR
transmission cascade, is essential for tumor
cell development. PI3Ks have a heterodimer

cancer cell areas.
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structure with p110 as the catalytic active
unit and p85 as the regulatory component.
There are four separate PI3Ks variants: a, f3,
y, and &. (28
PI3K/AKT/mTOR signaling pathway appears
when tyrosine kinases receptors stimulate
PI3K followed by AKT and mTORC1
phosphorylation 29], In TNBC
akt/mtor/p13k communication
becomes active because of estimated
glomerular filtration rate (agonizing
regulator) inositol high in proline PIK3Ca
mutation, polyphosphate overexpression,
and PTEN expression decline [30-32],

TNBC Radiotherapy Treatment Using
Nanobiotechnology:

Activation of the

pathway

TNBC radioimmunotherapy with
inorganic nanoparticles:

According to a previous study, cells may
significantly improve radio sensitization by
absorbing AuNPs, raising energy from 1.01
keV to 2.11 keV. [33-34]

Inorganic substances, which are further
classified as metal NPs, inorganic oxide NPs,
inorganic semiconductor NPs, and so on,
make up the majority of inorganic
nanoparticles. Metal nanoparticles (NPs),
mesoporous dioxide of silicon, and charcoal
NPs are examples of inorganic NPs that are
utilised in biomedical research [35]. Inorganic
nanoparticles (NPs) provide promising
application prospects for controlled drug
release and targeted
administration when employed as drug
delivery vehicles [36l. Most radiation-sensitive
metal nanoparticles are made of high-atomic-
number metals, including platinum, gold,
barium, and bismuth [371,

Organic nanoparticles for TNBC treatment
Proteins, lipids, organic Polymers with high
molecular weight and polysaccharides make
up organic nanoparticles [B8l. Typically,
spherical in shape and ranging in size from 25
to 1000 nm, liposomes can effectively load
hydrophilic or hydrophobic medications,

medication
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therefore shielding them from the damaging
effects of the
Additionally, liposomes can be used in
targeted drug delivery systems because of
their facile modification and
functionalization properties, which allow
them to recognize targets. Because liposomes
resemble cells, the reticuloendothelial system
mostly absorbs them, which triggers the
body's immunological response [39],

TNBC radioimmunotherapy with NP
hydrogel:

A type of special carrier with notable
biocompatibility among a range of
biomaterials is hydrogel. Hydrogels loaded
with growth factors or medications can help
heal wounds and avoid rejection responses

external environment.

because they strongly resemble human
tissues. Hydrogels can also cover the surgical
site and keep the medicine released
continuously, which helps prevent tumors
from coming back. As nanobiotechnology
advances, therapeutic NPs are being mixed
with other biological materials more often.
One particularly popular method is loading
NPs into hydrogels, which has garnered a lot
of interest [40l. Research has demonstrated
that hydrogels loaded with a- or -emitting
radioisotops (such as?%Y, 131], and 225AC) are
effective intreating TNBC. Immunotherapy
Combinations: To strengthen the immune
response, NP hydrogels can incorporate
regulators of immune surveillance, such as
anti-PD-1 and anti-CTLA-4.

Targeted Theranostics: Nanotechnology
Advances for TNBC

A promising nanoparticle must have various
physiochemical, biological, and functional
characteristics to be used in biomedicine.
These characteristics influence the efficacy of
drug delivery and play a significant role in
minimizing side effects, thereby enhancing
patient safety. As research progresses, it
becomes increasingly important to optimize
these parameters to achieve the best
therapeutic outcomes High dose efficiency, a
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long half-life in circulation with low systemic
toxicity, selective localisation, high adhesion
at the tumour environment, enhanced
internalisation into the tumour viacytokines,
suffered while regulating release of imaging
substances and cytotoxic drugs over the
proper duration and time, and safe bio-
elimination from the body are all necessary
for nanoparticles to be as theranostic in
cancer detection and therapy [411.
Nanoparticles of liposomes:

An extremely versatile spherical nanocarrier,
the 400 nm spherical molecules known as
liposomes. The most adaptable nanocarriers
for delivering medications to their intended
location are liposomes. It can contain
medicine in a water core or lipids membrane.
Generally speaking, several different types of
drugs, including proteins, nucleotides, and
small molecules, can be encapsulated within
liposomes. This unique ability enhances drug
stability and improves bioavailability, making
liposomes an potentially valuableinstrument
for customised medication administration.

Liposomal nanotechnology is created using
reversed-phase evaporated water and liquid
injection methods. It divides lipids or
dispersion hydrocarbons in a solution and
extrusion, which produces nanoparticles
with a certain cross-sectional area [42.
Micelles: A cancer treatment miracle
Micelles are particles  with
diameters between 5 and 100 nm. Van der
Waals interactions create their hydrophobic
core, which is stabilised by their aqueous
exterior (431,

colloidal

In cancer treatment, micelles—nanoscale,
amphiphilic  structures—have  become
effective drug delivery systems. Their
capacity to improve targeted administration,
increase bioavailability, and
hydrophobic medications has become a vital
tool in contemporary cancer research.
Researchers can increase the therapeutic
effect of treatments while lowering side
effects by encapsulating medicinal molecules

solubilize
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in micelles, eventually leading to improved
patient results. As
nanotechnology continue, the potential

advancements in

applications of micelles in oncology are
expected to expand even further.
Nanoparticles used in cancer treatment
that are mislabeled as polymers

A polymeric nanoparticle (50 nm-10 um) can
be categorized as a misnomer nanoparticle if
it is less than 10 microns. Natural or synthetic
polymers can be used to create these The
extra advantage of nanotechnology is that
they can encapsulate proteins and drugs
without changing chemically. Because of their
reduced and biocompatibility,
renewable polyamide particles like
polylactic or composites like polylactide-co-

toxicity

glycolide are used to produce nanoparticles.
These characteristics make them especially
well-suited for medical use, such as tissue
engineering and medication administration.
Furthermore, the ability to control these
nanoparticles' size and surface
characteristics enhances their effectiveness
in targeting specific cells or tissues within the
body 44} It is also known that polymeric NPs
can transport therapeutic drugs, miRNA, and
siRNA to decrease tumor development and
volume. PLGA-bPEG polymer NPs co-
delivered antisense-miR-21 and antisense-
miR-10b at a dose of 0.15 milligrammes per,
but siRNA (multidrug sensitivity proteins) &
DOX inhibitors NPs caused an 8-fold
reduction in tumour development in volume,
respectively. [45]

Metallized nanostructures:

Metal-based NPs, in contrast to polymeric
NPs, provide significant versatility in drug
administration and diagnostic applications.
created DOX-loaded gold nanoparticles that
efficiently transport the medication to BCSCs
and significantly increase anticancer efficacy
[46],

Based on natural polyphenols, metal-based
phenolic networking (MPN) is one kind of 3D-
printed "green" material with huge specific
surface areas [471. Another study
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demonstrated how chloroquine (CQ) and
Nanoparticle loaded with DOX enhanced the
in vitro efficacy of chemotherapeutic
medications against MDA-MB-231 cells by
inhibiting autophagy via nanoparticles [48l.
Dendrimer
In treating cancer, dendrimers are
particularly important as nanocarrier-based
systems, particularly through ligand- or
receptor-controlled  endocytosis, which
provides targeting properties and has several
advantages over conventional therapy [49]. [t is
equally crucial to design and create
multifunctional nanoparticles for imaging
and treatment, for example, so that they have
a chemically active surface with a range of
functional groups for conjugating tumor-
targeting ligands and imaging agents, in
addition to producing strong signals or
contrast for in vivo imaging [50l.
2. CONCLUSION
Thanks to nanomedicine, significant progress
has been made in the identification and
management of both hormone-positive and
hormone-negative BC.
formulations based on nanoparticles have
been created and are now being used
extensively to  treat the
These nano-missiles have the
necessary to carry out their mission of
eliminating the highest number of cancer
cells. The ability to load or encapsulate drugs
protects them and lengthens their biological
half-lives, ultimately reducing the total
dosage required for medication. Beyond
conventional breast cancer treatment, cancer
nanotechnology now offers a number of more
effective and maybe safer viewpoints.
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ABSTRACT

A U.V. spectrophotometric technique has been developed for the simultaneous estimation of chrysin and
methotrexate for bulk drugs and a combination of both. The approach’s validation process complied with
ICH guidelines, guaranteeing accurate and trustworthy results. For the Preparation of stock solution and
dilutions Phosphate buffer, PH 7.4 has been used. Methotrexate exhibits absorption maxima at 303nm
while Chrysin exhibits absorption maxima at 273nm respectively. For methotrexate and chrysin, they
complied with Beer's law within the range of 2- 10 pg/ml concentration and 20-100 pg/ml concentration
and 0.9978 and 0.9983 were the r2 value respectively which shows good linearity. In accordance with ICH
standards, the method's linearity, precision, accuracy, LOD, LOQ and recovery studies were validated. LOD
for methotrexate and chrysin was observed to be 0.0891 and 0.0793 pg/ml and LOQ was found to be
0.2700 and 0.2402 pg/ml respectively. Thus, the approach was discovered to be accurate, specific, and
cost-effective quality control tool for the regular assessment of methotrexate and chrysin and a
comprehensive examination of the literature revealed that there is currently no published method for
measuring Methotrexate and Chrysin simultaneously using UV spectrophotometry, underscoring the
originality of this strategy.
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1. INTRODUCTION antimetabolite of folic acid (1.2, It affects
DNA replication and cell proliferation by
directly and indirectly affecting other
molecular targets [12l. The chemical name
for chrysin (CHS) a yellow powder, also
called chrysanthin, is 5,7-dihydroxy-2-
phenyl-4H-chromen-4-one [4l. Propolis,

The most widely used medication is
Methotrexate (MTX) [U. The crystalline
powder of methotrexate is odorless and
ranges in colour from yellow to orange-
brown Bl It is a selective inhibitor of DHFR
(dihydrofolate reductase) and an
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honey, and numerous other plants contain
this naturally occurring polyphenol.
pharmacological effects,
including antiangiogenic, pro-apoptotic,
immunomodulatory, antimetastatic, and
antioxidant qualities, seem to be combined
in this substance [51. To increase the
accuracy and precision of determining
results without using costly reagents and
equipment, developing and validating UV-
visible spectrophotometric methods for the
quantitative evaluation of methotrexate and
chrysin in a synthetic mixture is the main
goal of the current study. These techniques
can also be applied to their combined
formulations[6l.

Numerous

2. MATERIALS AND METHODS

Pure drugs were procured from labs and AR
grade reagents were utilized.

2.1 Instruments:

Double beam UV-visible spectrophotometer
(Shimadzu 1800, A114548, Japan),
Electronic balance (Shimadzu, AUX 220,
Japan), ultrasonicator, and Magnetic stirrer
(Remi, Mumbai) were used for the
experimental work [67],

2.2 Selection of solvent system:

According to the Indian Pharmacopoeia,
both drug solubility was evaluated in a
variety of solvents. For the analysis of both
methotrexate and chrysin using the
suggested approach, PH 7.4 Phosphate
Buffer was determined to be the common
solvent (6],

2.3 Preparation of Stock solution:

Working dilutions in the range of 2-
10pg/ml concentration and 20-100pg/ml
were prepared after a precisely weighed
quantity of methotrexate (MTX) and chrysin
(CHS) was completely dispersed, mixed and

Bull. Pharm. Res. 2025;15(S2)

diluted with prepared PH 7.4 buffer to
achieve a 1000pug/ml concentration [671.

2.4 A mixture of standard stock solution:
PH 7.4 buffer was used for preparing the
mixture of standard stock solution of
methotrexate and chrysin in 1:1 ratio (6],

2.5 calibration curve Preparation:

For both the drugs the maximum
absorbance was recorded at 303nm and
273nm respectively and a standard curve
was prepared 0.9978 and 0.9983 were the
correlation coefficient for MTX and CHS (781,

2.6 Study of Absorbance additivity:

The absorbance of working standard
dilutions of separate drugs (2pg/ml) and
their synthetic mixture (1:1) at certain
wavelengths, namely 303 nm and 273 nm
was measured to get absorbance additivity
data.

2.7 Determination of  absorptivity:
The absorptivity (A 1%, 1 cm) of MTX and
CHS at Amax, ie, 303nm and 273nm
respectively, was computed from the mean
of three distinct absorbance readings using
the following formula (.

Absorptivity = Absorbance/ Concentration
The mean of all absorptivity values at 303
and 273 nm was finally determined as ax
and ay.

2.8 Simultaneous Equation method:

The simultaneous equation technique can
be utilized to estimate the absorbance of the
two drugs since the combination contains
two distinct absorbing drugs that exhibit
absorbance at each other's A max. ANOVA
was used for the same. Both wavelengths,
which correspond to the absorption
maxima of the individual drugs MTX and
CHS in phosphate buffer PH 7.4, are chosen
for the methods: A1-303 and A2-273. The
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concentrations in the mixtures were
estimated using the following formulalé7l.

Cx= Azay1-A1ayz / dXzdyi1-axidyz
Cy= Ajaxz-Azaxi/axzayi-axiay:

Where, Cx and Cy - MTX and CHS
concentration

A; and A; - Absorbance of MTX and
CHS in synthetic mixture at 303nm and
273nm

ax1 and ax2 - Molar absorptivity of
MTX at 303nm and 273nm.

ayl and ay2 - Molar absorptivity of
CHS at 303nm and 273nm respectively.

2.9 Validation Parameters:

2.9.1 Linearity and Range

Using the described procedures, suitable
dilutions of standard stock solution were
analyzed for each drug. The range was
found to be 2-10pg/ml for MTX and 20-100
pg/ml for CHS which followed Beer-
Lambert’s law (6. Table no 1 shows the
linearity data for the method.

2.9.2 Accuracy

The degree to which a set of measurements
closely approaches the true value is known
as accuracy. Three different levels of
recovery investigations were carried out
using the standard addition procedure
(80%, 100%, and 120%) to assess the
correctness of the suggested approach (791,
The procedure was repeated thrice and %
RSD was calculated for the proposed
developed method at each concentration
limit as shown in Table no.3

2.9.3 Precision

The degree of agreement between
measurements of the same sample under
identical conditions is known as precision.
The evaluation of the formulation three
times in a single day at one-hour intervals
and on three consecutive days is known as

Bull. Pharm. Res. 2025;15(S2)

intra-day and inter-day
respectively [79.10]. The drug amount and %
RSD were computed where % RSD was less
than 2%. Table no 2 shows the results of the
same.

analysis,

2.9.4 Ruggedness Study

An analytical procedure's ruggedness
indicates its ability to resist small but
deliberate adjustments to the method's
parameters and demonstrates its
dependability in  normal operating
circumstances [7l. In the lab, ruggedness
conveys accuracy, much like a different
analyst. The mean value was calculated for
different analysts by using the same tool.
The results of the parameter are mentioned
in table no.4

2.9.5 Limit of detection (LOD) and Limit of
Quantization (LOQ):

The calibration curve was used to find out
LOD which is the limit of detection and LOQ
which is the Ilimit of quantization
independently. Both the parameters were
determined using the regression line’s
residual standard deviation or y- intercept
standard deviation of regression lines [7. 9.
The limit of detection and quantization of
MTX and CHS were calculated by the
proposed method and the results were
mentioned in table no.1

LOD=3.3 6/S

LOQ=106/S

Where, o - y intercept standard deviation
S — Slope

3. RESULTS AND DISCUSSION

It was discovered that the newly devised
analytical approach  was  sensitive,
straightforward, cost-effective, accurate,
and exact [M1. In compliance with ICH
requirements, the provided method has
been validated
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Figure no 1: Overlay of maximum
absorption of MTXand CHS
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3.1 Results of validation

Table 1: Result of Validation parameter

Parameter | Methotrexate Chrysin
Amax(nm) 303nm 273nm
Linearity 2-10 pg/ml 20-100 pg/ml
range

Linearity Y=0.0631x - Y=0.0097x +
equation 0.0024 0.0093
Correlation | 0.9978 0.9983
coefficient

Slope 0.0631 0.0097
Intercept 0.0024 0.0093

LOD 0.0891 0.0793

LOQ 0.2700 0.2402

Table 2: Precision Study

Calibration of MTX at 303 nm
0.7
0.6 A
Q- = 0.0531x - 0.)024
% 0.5 Y R‘D= 0.9978 /ii/
2 0.4 4
@ A
9 02
<oa '
0
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® Abs —— Linear(Abs)
Figure no.2: Calibration of MTX
Calibration of CHS at 273nm
1.2
y =0.0097x + 0.0093
g ! 2: 0.9983 P
(&} R4= 0. et
% 0.8 P (1]
e 0.6 .
2 I
204
< 02 P
0
0 20 40 60 80 100 120

Concentration pg/ml

Drug Interday Precision Intraday Precision
% amount % RSD | % amount %
found + found * RS
SD SD D

MTX | 100.66+0.577 | 0.573 100.76x0.750 | 0.744

CHS 99.48+1.195 1.201 99.27+1.219 1.227

Table 3: Recovery Study

Recover MTX % % RSD CHS % %

y Recovery * Recovery RSD
level SD *SD

80% 99.33+£0.098 | 0.0978 | 100.85% 0.1606

0.162
100% 100.77+0.196 | 0.1945 | 95.05+0.391 | 0.4113
120% 99.94+ 0.191 | 0.1911 | 100.03% 0.3059
0.306

Figure no.3: Calibration of CHS
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Table 4: Ruggedness study

Parameter Drug % amount found * SD
Analyst 1 Methotrexate 101.2+ 0.288
Chrysin 98.29+ 0.162
Analyst 2 Methotrexate 99.36% 0.202
Chrysin 100.26% 0.150

Table 5: Percentage of drug estimated

Sr. Drugs Percentage of
No drug estimated
1. MTX 99.95 %
2. CHS 99.02%

The absorption maxima for MTX and CHS were
found at 303 and 273 nm, respectively
between 200 and 400 nm in the standard
solution's UV scan. At their chosen wavelength,
the beer-Lambert's concentration range for
MTX was 2-10 pg/ml and for CHS, it was 20-
100 pg/ml. Absorbance and Concentration are
correlated strongly, as evidenced by the
regression coefficients of 0.9978 for MTX and
0.9983 for CHS. A lower LOD and LOQ number
attests to the method's appropriate sensitivity.
The accuracy of the approach was shown by
the Intraday and Interday Precision tests,
which had % RSDs of less than 2%.
Additionally, the recovery investigations were
found within the range of 98% * 102%.

4. CONCLUSION

For both drugs, the linearity and range
showed that the validated approach was
accurate. The fact that the percentage RSD
for intra and interday precision was less
than 2% further confirmed the accuracy of
the approach. Additionally, the recovery
investigations was within 98% = 102%

Bull. Pharm. Res. 2025;15(S2)

range which confirmed its dependability.
The verified method indicated for MTX
and CHS simultaneous determination by
spectrophotometric approach can be
suggested for both combined dosage and
for regular quality control in their
synthetic according to the
conclusion from all the
considerations. The analysis of synthetic
mixture showed that the method worked
well for both drugs at the same time with

mixture,
drawn

little or no interference from common
pharmaceuticals. The
determined to be
sensitive,

excipients  of
technique was
straightforward, accurate,

precise, repeatable, and cost-effective.
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ABSTRACT

Cancer is uncontrolled cell growth, forming malignant or benign tumors, caused by genetic,
environmental, and inherited factors. SPIONS aid in targeted drug delivery, MRI, and hyperthermia, with
functionalized SPIONS like folate-conjugated ones enhancing treatment. Cancer types include
carcinomas, sarcomas, leukemia, and lymphomas, treated via surgery, radiation, chemotherapy,
immunotherapy, and targeted therapy. PEG functionalization improves SPION biocompatibility, water
solubility, and circulation time, while folic acid (FA) enables targeted drug delivery. Bioactive molecules
like flavonoids enhance drug delivery but face solubility challenges. MNPS, especially IONPS, are
synthesized through various methods for biomedical applications. Advanced therapies like molecular
treatments, cryoablation, and radiofrequency ablation offer safer cancer treatment options.
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1. INTRODUCTION sun. (Our Cancer Causes and Prevention

Cancer occurs when cells grow uncontrollably,
forming tumors. Malignant tumors spread
(metastasis), while benign tumors do not, but
can still cause health issues. Blood cancers like
leukaemia do not form solid tumours I[1.
Genetic changes that cause cancer can happen
because:

* Errors that occur as cells divide.

* DNA damage caused by harmful substances
in the environment, such as the chemicals in
tobacco smoke and ultraviolet rays from the

section has more information.

* Genetic inheritance.
Increasing cancer deaths drive research on
SPIONs (Fe,0s/Fes0,) for drug delivery and
diagnostics 2. PEGylation
solubility, stability, and circulation, while
folate (FA) enables targeted drug delivery via
receptor-mediated endocytosis.
Functionalizing SPIONs with flavonoids
improves drug transfer but faces solubility
challenges [3-4l. Cancer types include
carcinomas, sarcomas, leukemias, and

enhances
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lymphomas, affecting one in three people. Treatments
include surgery, radiation, chemotherapy,
immunotherapy, targeted therapy, and emerging
molecular approaches.

Nanoparticulate -based drug delivery system:
Nanoparticulate drug delivery enhances cancer

treatment by targeting tumors, protecting healthy
cells, and improving drug solubility. Nanoparticles
(<50 nm) enter cells, exploiting tumor wvasculature
while avoiding healthy tissues. Magnetic nanoparticles
enable precise targeting, with quantum dots and
nanowires offering advanced therapy options [5-61.
Magnetic nanoparticles:

Magnetic nanoparticles (iron, nickel, cobalt) are
used in catalysis, biomedicine, and data storage. In
cancer treatment, they enable hyperthermia and
controlled drug release. Their superparamagnetic
properties aid drug delivery,
diagnostics, with coatings preventing aggregation
and allowing targeted transport [7].
Nanoparticles (IONPs):
Pharmaceutical Applications
nanoparticles (IONPs) have gained significant

imaging, and
Iron Oxide
Biomedical and

Iron oxide

1.2 SYNTHESIS & CHALLENGES
IONPS commonly
coprecipitation, a

are synthesised via
method involving

ferrous (Fe?*) and ferric (Fe®**) ions in an aqueous

chemical

solution. Several factors influence nanoparticle
phase and size, including Fe®*/Fe®' ratio, Iron
concentration, pH value, strength,
Temperature.

Methods for the preparation of iron oxide
nanoparticles include:

1. Coprecipitation—Mixes Fe?* and Fe®* in a basic

Ionic and

solution to form nanoparticles, which require
purification due to high-pH conditions.

2. Thermal decomposition -  Uses high
temperatures to decompose organic iron
compounds, producing uniform

nanoparticles but requiring nonpolar solvents.
3. Microemulsion - Precipitates
nanoparticles in an aqueous phase,

though it faces aggregation and

coated MNPS are nonimmunogenic and

119

attention in biomedical and pharmaceutical
research due to their  biocompatibility,
superparamagnetism, high saturation

magnetization, and low toxicity. Notably, they are
the only FDA-approved nanoparticles for clinical
use, particularly in magnetic resonance imaging
(MRI) for early disease detection [8-101,

1.1 KEY APPLICATIONS

1.1.1 Medical Imaging & Diagnostics - IONPs
serve as contrast agents in MRI, enhancing
imaging resolution.

1.1.2
hyperthermia and targeted drug delivery,
improving treatment efficacy while minimising

Cancer Therapy - Used in magnetic

side effects.
1.1.3
stem cell
enabling real-time monitoring of cells.
1.14 Magnetic Separation & Biosensing -
Applied in pathogen detection,
bioseparation, and toxin removal [11],

Cell Labelling & Tracking - Essential for

therapy and biological studies,

stability challenges.
4. Hydrothermal synthesis - Utilizes
high temperature and pressure for

monodispersed nanoparticle crystallization.
5. Sonochemical synthesis - Uses
ultrasonic energy to control nanoparticle
formation, such as producing magnetite
from iron (II) acetate [12-15],

Green synthesis of iron oxide nanoparticles
uses plant extracts as eco-friendly reducers,
eliminating synthetic chemicals. This cost-
effective method enhances bioactivity, is
scalable, and  supports  biomedical
applications like drug delivery
hyperthermia [16-19],

Polyethene glycol (PEG) stabilises magnetic
nanoparticles (MNPS) by forming a
hydrophilic  coating  that  prevents
agglomeration and reduces macrophage
clearance, extending circulation time. PEG-

and
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easily excreted but have limited
functionalization, which can be improved
through silane grafting and polymerisation
[20-21],

Folic acid (vitamin B9) is essential for DNA
synthesis, cell formation, and preventing
neural tube defects. It is absorbed in the
Jejunum and duodenum, with deficiency
leading to anaemia. Found in leafy
vegetables, legumes, and fortified grains, it
supports fertility, reduces artery stiffness,
and helps prevent stroke, hypertension, and
kidney disease [22-24],

2. MATERIALS

The materials used in this study include
folic acid, sourced from Oswal Scientificals,
Chinchwad; DMSO from Antares Chemicals,
Mumbai; and PEG 4000 from Sanghavi
Chemicals, Mumbai. Dimethyl formamide
was procured from Fisher Chemicals, Pune,
while ethylene dichloride was obtained
from Triveni Chemicals, Vapi. Lastly, N-
hydroxy sulfosuccinate was supplied by
Thermo Scientific, Pune.

3. METHODS

3.1 Preparation of Green Tea Extract and
Iron Oxide Nanoparticles

Green Tea Extract: 5g of green tea powder
was mixed with 200 ml of deionised water
and stirred. The mixture was heated at 80°C
for 60 minutes in a water bath, filtered
using Whatman filter paper no. 4, and
stored in a refrigerator.

Iron Oxide Nanoparticles: 0.1M ferric
chloride and green tea extract were mixed
in a 1:1 ratio with continuous stirring. The
pH was adjusted to 7 using 0.1M NaOH. The
solution was centrifuged at 7000 rpm to
remove impurities, washed with distilled
water, and dried in a petri plate after
discarding the supernatant [201.

3.2 Synthesis of FA-Conjugated PEG and
FA-PEG Loaded Nanoparticles
FA-Conjugated PEG: Folic acid (66.2 mg)
was dissolved in a DMSO: DMF (1:1)

Bull. Pharm. Res. 2025;15(52)

mixture (Solution A), followed by the
addition of EDC (23.3 mg) and NHS (17.3
mg) under stirring. PEG 4000 (0.35 g) was
separately dissolved in DMSO (Solution B).
Both solutions were mixed and stirred for
four days, then dialyzed and lyophilized to
obtain pure HOOC-PEG-FA 18],

3.3 FA-PEG Loaded Nanoparticles: HOOC-
PEG-FA (0.4 g) was dissolved in DMSO/DMF
(Solution C). EDC (31.04 mg) and NHS (23
mg) were dissolved separately (Solution D)
and added to Solution C with stirring.

final solution was added dropwise to iron
oxide nanoparticles (100 mg) and stirred
for three days. The product was then
dialyzed (211,

3.4 Evaluation of FA-PEG Loaded Iron
Oxide Nanoparticles:

The apperance of nanoparticles was
checked visually. FTIR spectroscopy
identified functional groups by preparing
KBr disks with nanoparticles. DSC analysis
was performed under a nitrogen
atmosphere to study thermal properties,
with samples heated from 40 to 240°C at
10°C per minute. Particle size and
polydispersity index (PDI) were analysed
using laser scattering after dispersing
nanoparticles in deionized water. Zeta
potential was measured using a Horiba zeta
sizer to determine surface charge. Motic
microscopy was used to
morphology and size variations. Coating
efficiency was evaluated by measuring

observe

absorbance at 283 nm wusing UV
spectroscopy

3.5 Coating Efficiency:

The nanoparticles and coating material
were prepared according to the desired size
and concentration to determine the coating
efficiency of
nanoparticles were then mixed with the

nanoparticles. The

coating material in a solvent, and the
mixture was incubated for a specified
period, typically 30 minutes to several
hours, to allow the coating material to
adsorb or bind to the nanoparticles. The
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mixture was stirred occasionally to ensure 4. RESULT AND DISCUSSION

uniform coating. Following incubation, the Appearance: The appearance of the
mixture was centrifuged at a high speed, nanoparticle was found to be greenish black
typically between 10,000-20,000 rpm, to in colour

separate the coated nanoparticles from the
uncoated nanoparticles and excess coating
material. The supernatant was discarded,
the pellet was retained, and the
centrifugation step was repeated to ensure
complete separation [20].

Fig No 1: Appearance of nanoparticles

FTIR of Folic Acid
”W Standard peak Observed peak Interpretation
123%
o A’N (cmD) (cm)
lﬂ 1605 1606 N-H bending
50 \
Wi 1693 1695 C=0 amide
56 \ ! “
»ﬂ“ﬂm 1485 1485 CHzBend

Fig No 2: FTIR of folic Acid and its spectra

FTIR of nanoparticles
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Fig No 3: FTIR of nanoparticles and its spectra
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Discussion: All the peaks of folic acid were retained in nanoparticles indicating compatibility of
folic acid with other excipients used in nanoparticles (Figure 2 and 3).

DSC of Folic acid-

- " - - - - - " - -

SIAR Swiz10

Fig No 4: DSC of folic acid

Discussion: The DSC graph of FA-PEG
loaded iron oxide nanoparticles shows the
melting properties of both PEG and FA. Both
peaks are wide in nature, showing the
amorphous nature of folic acid and PEG.
Peaks of both FA and PEG show the
Responses for DOE batches

Fig No 5: DSC of FA-PEG loaded Nanoparticles

successful loading of Folic acid and PEG. A
broad peak of folic acid indicated the
sample's amorphous nature. The shift in the
melting point of folic acid toward a lower
value shows the reaction's endothermic
nature (Figure 4 and 5).

Table No. 3: DOE table with responses

STD RUN Factor 1 Factor 2 Response 1 Response | Response 3
Iron salt Centrifugation | Particle size 2 PDI Zeta potential
(ml) RPM (nm) (mV)

1 1 0.5 5000 88.7 0.12 -32.2

7 2 1 4585.79 372 0.47 -5.6

4 3 1.5 7000 413.6 0.2 -11.1

2 4 1.5 5000 491 0.65 -10.3

10 5 1 6000 109.3 0.07 -1.1

6 6 1.70711 6000 586.6 0.5 -10.7

3 7 0.5 7000 380.1 0.12 -5.7

5 8 0.292893 | 6000 2.2 0.2 -11.1

8 9 1 7414.21 745.6 0.31 -15.3

9 10 1 6000 156 0.15 -1.3

Response 1: PARTICLE SIZE
Final Equation in Terms of Coded Factor:

Particle size = +132.65 +157.78 A + 92.79 B - 92.20 AB + 60.06 A* + 192.26 B?

Final Equation in Terms of Actual Factors:
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Particle size = +5315.62076 + 941.46660 vol. of FeCl3 - 2.02996 Centrifugation -0.184400 vol
of FeCl3 x centrifugation + 240.25000 vol. of FeCI3 % + 0.000192 Centrifugation®
Two-Dimensional Contour Plot for Particle Size

Discussion: the particle size changes with FeCl3 concentration and stirring speed due
to the increase in the number of ions of FeCl3 for entrapment increases as FeCl3
concentration varies, and in the case of the stirring speed, the particle separation changes with
a change in stirring speed (Figure 6).

Response 2: PDI

Final Equation in Terms of Coded Factors:

PDI = +0.1100 +0.1293A -0.0845B-0.1125 AB +0.0956 A®

Final Equation in Terms of Actual Factors:
PDI = +3.55364 + 0.843566 vol. of FeCl3 - 0.001247 Centrifugation - 0.000225 vol. of FeCl3 x
Centrifugation + 0.382500 vol. of FeCl3 ? +1.15625E-07 Centrifugation®

chor Coding Akl

PARTICLE SIZE (nomi)

B Cesrdugsion PV

Acvoh cTaCld (mi)

Fig No 7: Two & and three-dimensional plot for PDI
Discussion: As the centrifugation speed varied, the PDI varied accordingly, as experimentally

proven, and the same case as with the FeClz concentration was observed (Figure 7).

Response 3: ZETA

Final Equation in Terms of Actual Factors

ZETA =-323.75302 + 133.26642 vol of FeCl3 + 0.083098 centrifugation - 0.013650 vol of FeCl3
x centrifugation - 23.55000 vol of FeCl3 2 - 5.66250E-06 Centrifugation®

& Coomhgaon (M)

theal 10-12, March

Mode
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Fig No 8: Two and three-dimensional plot for Zeta Potential

Discussion

Zeta is the charge on the particles and is
directly affected when the FeCl3
concentration in the formulation is varied.
In the case of the centrifugation speed, the
particle separation is different at different
centrifugation speeds, so zeta is going to
change likewise (Figure 8).

Coating efficiency was calculated using
the formula:

Coating efficiency = (Amount of folic acid
(Practical value)/(Amount of folic acid
(Theoretical value)) 100

Coating efficiency = 89.86% + 1.8%
Discussion: Coating efficiency of 89.86+1.8
% shows successful loading of folic acid
onto iron oxide nanoparticles.

Inference: Green synthesised iron oxide
nanoparticles can be successfully loaded
with folic acid wusing the following
procedure.

5. CONCLUSION

This study successfully synthesized folic
acid (FA) and PEG-loaded iron oxide
nanoparticles using green tea extract as a
natural reducer. FA and PEG were loaded
via EDC/NHS chemistry, with 89.86%
entrapment efficiency. Microscopy, DSC, and
FTIR confirmed successful loading, proving
green synthesis is effective for nanoparticle
formulation.

6. REFERENCES

1. Upadhyay A “Cancer: An unknown
territory; rethinking before going
ahead”

2. Chertok B, David A. E., Yang VC, “Poly-
ethyleneamine-modified iron oxide
nanoparticles for brain tumor drug
delivery using magnetic targeting
and intra-carotid administration”,
Biomaterials 2010,6317-6324.

3. Xie ], Chen L, Varadan VK, Yancey ],
Srivatsan M., “The effects of

10.

11.

12.

functional magnetic nanotubes with
incorporated nerve growth factor in
neuronal differentiation of PC12
cells.” Nanotechnology 2008,
19(10):105101].

Zhang Y, Zhang ] “Surface
modification of  monodisperse
magnetite nanoparticles for

improved intracellular uptake to
breast cancer cells.” ] Colloid
Interface Sci2005, 283(2):352-357.
Bukhtoyarov, O.V. and Samarin, D.M.,
“Psychogenic Activation
Phenomenon of Specific Anti-Tumor
Immunity in Cancer Patients.”
International Journal of Medicine and
Medical
10.5897/1JMMS2013.0888.
Al Gusev, A.A. Rampel, Nano Kristal

licheskie Materialy (Nanocrystalline

Sciences,

Materials), Nanocrystalline
Materials: Synthesis,
Characterization, Properties, and
Applications.

D.G. Rancourt, Rev. Mineral.
Geochem., 2001, 44, 217.

R. Ferrando, J. Jellinek, R.L.
Johnston, Chem. Rev, volume 108,
Issue 3,845-1170

S.P. Gubin, Ros. Khim. Zh. Volume
58, 74-77.

Yurkov, G.Yu.Gubin, S.P., Pankratov,
D.A., Koksharov, Yu.A.,, Kozinkin, AV,
Spichkin, Yu. I, Nedoseikina, T.I,
Pirog, 1.V, and Vlasenko, V.G.

Owens, D. E., III; Peppas, N. A.
Opsonization, biodistribution, and
pharmacokinetics  of  polymeric
nanoparticles. Int. J. Pharm.

Cao YC, Jin R, Nam JM, Thaxton CS,
Mirkin CA. Raman dye labeled
nanoparticle probes for proteins.
JACS.

Unlocking Horizons in Global Multidisciplinary Healthcare Research Indo-US International Conference Date: 10-12, March
2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44

125



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Desai et al Bull. Pharm. Res. 2025;15(52)

Pankhurst QA, Connolly |, Jones SK, Dobson
J. Applications of magnetic nanoparticles in
biomedicine
Grief AD, Richardson G. Mathematical
modelling of magnetically targeted drug
Nanoplatform as drug carriers. Int]
Nanomedicine 2012.7:3445-3471
Mohanpuria P,Rana N.K, and Yadav S.K,
“Biosynthesis of nanoparticles:
technological concepts and  future
applications,” Journal of Nanoparticle
Research, 2008, vol.10, no.3, pp.507-517.
Tiwari D.K, Behari ], and Sen P, “Time and
dose- dependent antimicrobial potential of
Ag nanoparticles synthesized by topdown
approach,” Current Science,2008,vol.9, 647-
655.
Luechinger N.A, Grass R.N, Athanassiou EK,
and Stark W.], “Bottom-up fabrication
of metal/metal nano composites from
nanoparticles of immiscible metals,” ISBN
Chemistry of Materials, 2010, vol. 22, no. 1,
pp.155-160.

Zayed MF, EisaWH, Shabaka AA.
Malvaparviflora extract assisted green
synthesis of  silver nanoparticles.
Spectrochim Acta A Mol Biomol Spectrosc
PMID 2012;98:423-428
Sun ], Shaobing Z, Yang Y, Weng ] 2006,
Synthesis and characterization of
biocompatible Fe 3 O 4 nanoparticle, PMID
Journal of Biomedical Material Research 80
(2): 333-341.

Gupta AK, Wells S, 2004. Surface-Modified
superparamagnetic Nanoparticle for Drug
Delivery: Preparation, Characterization, and
Cytotoxicity Studies, IEEE Transaction on
Nano bioscience. PMID 3 (1): 66-73
Martindale- The extra pharmacopoeia J. E. F.
Physician’s desk reference.49 th ed. Medical
Economics; 1995 Higdon ]. Folic acid. Linus
Pauling Institute, PMID

Akal Z.U, Alpsoy L, Baykal A,
“Superparamagnetic Iron Oxide Conjugated
with Folic acid and Carboxylated Quercetin
for Chemotherapy applications”,

Unlocking Horizons in Global Multidisciplinary Healthcare Research Indo-US International Conference Date: 10-12, March

2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44

126



Bulletin of Pharmaceutical Research 2025;15(S2)
An Official Publication of Association of Pharmacy Professionals

ISSN: 2249-6041 (Print) 2249-9245 (Online)

DESIGN, FORMULATION AND EVALUATION OF HERBAL EMULGEL

CONTAINS PSORALEA CORYLIFOLIA EXTRACT
Vitthal Chopade® Shivani Mandlik ,Abhijeet More, Pranita Gore, Swapnali Dupargude,
PES’s Modern College of Pharmacy, Sec. No. 21, Yamunanagar, Nigdi, Pune 411044
*Corresponding author email:vvchopade01@gmail.com.
Received: Feb 08, 2025 / Revised: April 20, 2025 / Accepted: May 09, 2025

ABSTRACT

The development of herbal medicinal formulations has sparked widespread attention due to its
possible therapeutic effects and natural nature. This study details the creation, manufacturing, and
assessment of an herbal emulgel that contains extract from Psoralea corylifolia, which was selected
due to its purported medicinal advantages. The produced emulgel was assessed using a number of
properties, including pH, viscosity, spreadability, homogeneity, and drug content, to ascertain its
physical stability and quality. Additionally, the emulgel's antibacterial activity was tested against
E. Coli and Staphylococcus aureus, two prevalent organisms associated with skin diseases. The
formulation's pH was confirmed to be skin-compatible, assuring user comfort and product stability.
Viscosity measurements validated the emulgel's consistency and ease of application. The
spreadability and homogeneity tests revealed a consistent distribution of the active component
throughout the formulation. Drug content analysis validated the existence of the prescribed amount
of Psoralea corylifolia extract, assuring dose accuracy. The emulgel's potential as an effective topical
antimicrobial treatment was demonstrated by the antimicrobial activity tests, which showed
significant inhibitory effects against Staphylococcus aureus and E. coli. This study highlights the
potential benefits of Psoralea corylifolia extract in herbal emulgel formulations for improved skin
care and infection management.
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INTRODUCTION

Treating a skin condition by applying a medication
to the area is referred to as "topical drug delivery."
When  conventional drug  administration
techniques, like oral or injection, are ineffective,
this approach is frequently utilized for skin
disorders, such as fungal infections. Topical drug
delivery is an approach, for both systemic
treatments. Dermatological pharmacology stands
out for its ability to directly

target the skin for both diagnosing and treating
skin related issues. [1.23] Pharmaceutical semisolid
dosage forms, including emulgels in particular
have been receiving considerable attention by
academia and industry during the last years.
Introduction: Skin is the largest organ and also
important in delivering medications topically or
systemically. While it is a convenient method of
drug delivery, some medications cannot cross the
skin. 1 Emulgel: A novel system. The term literally
means ". Emulsions, either W/0 or O/W can be a
base as well with an addition of gelling agent to
form Emulgel.
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years to deliver hydrophobic drugs. Furthermore,
it is anticipated that emulgel will soon prove to be
a successful drug delivery method for
hydrophobic medications. [51 The formulations are
an extensive variety including solid, semisolid and
liquid. Local or Systemic - effects that only goes
where the medication is placed, or becomes
absorbed throughout your body In solution, the
skin facilitates drug absorption as long as it has a
high partition coefficient & is not an electrolyte.!®!
When compared to traditional ointments and
lotions, gel-based formulations typically offer
faster rates of pharmaceutical release. The
principal limitation of gels is their administration,
especially with  hydrophobic  compounds.
Emulgels were created to get over this restriction,
and when used as a gel, hydrophobic medications
can also be taken advantage of by utilizing the
gelling ability of emulsion. Mixing of gels and
emulsions is called as an Emulgel dosage forms An
emulgel differs from an ordinary emulsion in the
aqueous phase, as it contains a gelling ingredient.
The O/W system, with hydrophilic drugs
entrapped in lipophilic compounds of the W/0
system.l”]JGels provide various advantages,
including spreadability, non-staining,
greaselessness, and thixotropicity; yet, When it
comes to topically applying hydrophobic
medicines, they have a major downsideStrong
hydrophobic substances shouldn't be added to the
gel foundation because they produce incorrect
drug release from gels because they are insoluble
in aqueous solution89 Melanocyte loss and
depigmentation are the consequences of vitiligo,
an acquired idiopathic skin disorder. The vitiligo
patches on the skin are noticeable and appear to
be milky white. For people with darker
complexion tones in particular, it could be visually
stigmatizing. Vitiligo affects 1-2% of all races,
however it is more common among the Indian
population.[t0] Pigment loss is more common
among teenagers. Vitiligo affects both men and
women, but because it lessens a woman's natural
beauty and look, the psychological repercussions
are more noticeable in women. The cause of
vitiligo is unknown. According to research, auto
immune diseases, hereditary stress, chemical
exposure, viral infections, skin burns, stressful
events, skin injury, and hereditary illnesses
(related to a family history) can all play a role in
its genesis.['1l One cannot spread vitiligo. There
are two forms of vitiligo: nonsegmental
(symmetrical) and segmental (asymmetrical).
There are five subtypes of non-segmental vitiligo:
acrofacial, localized, widespread, mucosal, and
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universal. Numerous treatments, such as
calcipotriene, skin disguises, topical
corticosteroids, and calcineurin inhibitors, can
help reduce the appearance of vitiligo on the
affected skin. Skin grafting, tattoos, psoralen, and
pigmentation loss. Vitiligo is yet to be successfully
treated. For this illness, PC-based randomized
controlled studies are necessary [12]Melanocytes
and melanin in the epidermis go inactive and stop
functioning, resulting in Vitiligo. Leukoderma is
comparable to Vitiligo, with the exception that
Vitiligo is a self-generated disorder that is
typically identified as an autoimmune disorder,
but Leukoderma is caused by allergies to specific
chemicals, skin infections, and may also be an
autoimmune disorder condition. White patches
are a common occurrence due to melanocyte
degeneration in the skin.[13]

MATERIALS AND METHODS
1. Plant material collection and authentication.

A seed of plants Psoralea Corylifolia was collected
from Latur district in the Marathwada region of
Maharashtra and authenticated from Botanical
survey of India, Koregaon, Sangam wadi, Pune-
411001.0141

(Figl.Seeds of P.C)

1. Chemicals

The materials used in this study were obtained
from various suppliers. Carbopol 934 and
triethanolamine were source from research lab.
We purchased methyl paraben, propylene glycol
400, span 80, and tween 80 from Loba Chemie Pvt
Ltd. The liquid paraffin was acquired from the
Molychem laboratory.

2. Equipment
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Electronic weighing balance, magnetic stirrer, pH
meter, ultra sonicator, Brookfield viscometer,
Digital water bath

3. Plant extract Preparation.

Crude extracts from P. corylifolia seeds were
prepared using the Soxhlet extraction method.
Before being utilized to create the methanol,
ethanol, ethyl acetate, and aqueous extract, fresh
P. corylifolia seeds were ground into a coarse
powder and left to dry at room temperature in the
shade.[15]

All solvent was used in a Soxhlet system to extract
the entire or coarsely ground plant material over
the course of 10 to 12 hours according to solvent
melting point. In order to prepare the crude
extract for further investigation, it was carefully
weighed before being filtered, dried, and
evaporated using a rotary evaporator.[16]

(Fig 2. Soxhlet Apparatus) (Fig 3. Rotary vacuum
evaporator)

4. Phytochemical Screening of Extract [17.18]

Test for Alkaloids

1. Mayer's Test: An opalescence or yellowish
precipitate was seen when drops of Mayer's
reagent were applied to a portion of an acidic
solution in a test tube, signifying the presence of
alkaloids.

2.Hager's Test: Add a few drops of Hager's reagent
to two milliliters of extract. The development of a
yellow precipitate suggested the presence of
alkaloids.

3. Wagner's Test: Place one or two drops of
Wagner's reagent (around the test tube walls) in a
few milliliters of filtrate. A precipitate that is red
or dark.

Test for Carbohydrate
1.For Reducing Sugar

Bull. Pharm. Res. 2025;15(S2)

a.Fehling's test: An equal volume of Fehling's (A &
B) solution was added to 2 mL of extract, and after
five minutes of heating, a reddish-red precipitate
formed, signifying the presence of carbohydrates.

b. Benedict's Test: 5 mL of Benedict's reagent was
combined with 8-10 drops of extract, and after 5
minutes of heating, a dark crimson precipitate was
formed, indicating the presence of carbohydrates.

2. For Non-Reducing Sugar

Iodine Test: Adding a few drops of iodine solution
to 3ml of extract solution results in a blue hue that
disappears when it boils but returns when it cools.

Test for Glycoside

Foam Test Glycoside test: an aqueous NaOH
solution was mixed with 0.5 mg of bark extract
that had been dissolved in one milliliter of water.
The presence of glycosides is indicated by the
production of yellow color.

Table 1: Phytochemical screening test

Extract
(Methanol)

Sr. Physicochemical
No. Parameter

1. Test for alkaloids

Mayer's test +

Hager's test

Wagner's test

2. Test for carbohydrate

For reducing sugar
a. Fehling’s test +

b. Benedict's Test +

For non-reducing
sugar

Iodine test

3. Test for glycoside

Foam test +
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Method of Preparation for formulation: -
Step 1: Preparation of gel

l OIL PHASE ‘ ‘ AQEOUS PHASE

NS

EMULSIFICATION

O/W OR W/0 EMULSION

‘ INCORPORATION INTO GEL BASE |

EMULGEL

Step 2: Preparation of Emulgel
Formulation of Emulgel:
(Table 2: Ingredient for formulation of Emulgel)

Weighed quantity of Carbopol
Dispersed in required quantity of deionized water

Stirred at 1500 - 2000 rpm using Mechanical stirrer

Add Triethanolamine to adjust pH 6.0 to 6.5

Gel
S | Ingredien Role Batches
r ts (%W/W)
n
o
M1 | M2 | M3
1 Extract Antimicr | 150 | 200 | 250
(P.C) obial mg | mg | mg
2 | Carbopol Gelling | 1gm | 1gm | 1gm
940 agent
3 Liq. Moisturi | 7.5 7.5 7.5
Paraffin zer ml ml ml
4 | Tween80 | Surfacta | 0.5 | 0.5 | 0.5
nt ml ml ml
5 Span 80 Surfacta | 1ml | 1ml | 1ml
nt
6 PG Co- 5ml | 5ml | 5ml
solvent

Bull. Pharm. Res. 2025;15(52)
7 Methyl Preserva | 0.3g | 0.3g | 0.3g

Paraben tive m m m

8 Clove oil | Antimicr 2 2 2
obial dro | dro | dro

ps ps ps

9 | Triethanol pH Unti | Unti | Unti
amine adjuster | 111 | 11 | 1I1
ml ml ml

1 | Dist. water - gs.- | gqs. | gs.
0

Evaluation of Formulation:

1. Physical assessment:

Visual inspections were conducted to assess
physical attributes such color, uniformity, and
odor.

Color: An eye examination was used to verify the
formulation's color.

Reliability: When applied to the skin, the
formulation's consistency was validated.

Odor: By introducing gel into water and observe
the smell [19]

2 . pH Measurement: The pH of a prepared
emulgel is determined using a digital pH meter.
Use a standard buffer solution to calibrate the pH
meter before using it. 1 gram of emulgel is
dissolved in 100 milliliters of distilled water,
which is thoroughly shaken to create a uniform
suspension, to create a 1% aqueous emulgel
solution. For two hours, the system was not
tampered with. After two hours, the pH can be
determined by immersing a glass electrode in the

suspension three times and averaging the results.
[20]

3. Homogeneity: -

Homogeneity was tested. After the gel is placed in
the container. The appearance and existence of
aggregates were investigated [21]

4. Viscosity: -

A Brookfield viscometer was used to measure the
viscosities. Each gel was filled with liquid after
inserting the corresponding spindle (number 74)
into the container. Viscosities were measured at
50 rpm and 25°C. [22]

5. Spread ability: -

Spreadability is the time it takes for two slides to
separate from an emulsified gel sandwiched
between them when a specific force is applied. A
shorter gap between two slides leads to better
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spreadability. The spreadability of the gel
formulation was assessed by placing the standard
weight on the upper plate after a minute and
measuring the diameter of one gram of gel
between two horizontal plates (20 x 20 cm2).[22]
The formula is used to calculate it. S=M*L /T
Where, M =Weight placed on upper slide

L= Glass slide's length

T=amount of time needed to divide up
the slides

6. Extrudability:

Aluminum collapsible tubes with caps were filled
with the gel solutions and hermetically sealed. The
extrusion ease was measured using the thumb
push. (23]

7. Drug content: -

One hundred milliliters of suitable solvent were
mixed with one gram of the produced gel. Aliquots
of different concentrations were made using the
proper dilutions following the creation of the
stock solution and the measurement of the
absorbance. An equation obtained from a linear
regression study of the calibration curve was used
to calculate the drug content.(22]

8. Clarity: -
Each batch's clarity was determined using a visual
inspection-[24

9. Gel strength: -

It is computed by multiplying the weight needed
for penetration of the gel by the time in seconds. A
produced gel weighing five grams was taken and
its surface was subjected to 3.5 grams of weight.
The number of seconds required for the weight to
move through 0.5 cm of gel was used to determine
the gel strength.[21]

10. SKkin irritation Test: -

Testing for skin irritation is critical in developing
hydrogel-based products, especially for medicinal
or cosmetic applications.

Patch Testing: Patch testing is placing a tiny
amount of the hydrogel to the skin, often on the
upper back or forearm, and then covering it with
an adhesive patch. The patch is normally used for
24-72 hours.

Observation Period: During and after the patch
application period, individuals are warned not to
wash the region or engage in activities that may

Bull. Pharm. Res. 2025;15(S2)

interfere with the results. They are also requested
to record any burning, itching, redness, or other
symptoms of irritation. [2526]

Antimicrobial activity: -

Antimicrobial was checked by agar-well diffusion
technique.

Micro-organism- [27]

Gram-positive bacteria like Staphylococcus
aureus and gram-negative bacteria like
Pseudomonas aeruginosa are both studied in
antimicrobial agent research.

Culture and maintenance of microorganism:
The study wused bacterial cultures of
Staphylococcus aureus and E.coli. Bacterial
culture was maintained using nutrient agar media.
Preparation of Media and its sterilization:
Media was made by weighing an approximate
amount of agar powder and nutritional broth and
mixing it with 1000 cc of distilled water. The
media was dissolved, then boiled to homogenize it
before sterilization. Cotton wool was used to plug
the conical flask, which was then wrapped in
aluminium foil and sealed with masking tape.
After that, the media was sterilised for 15 minutes
at 121°Cin an autoclave. After allowing the
sterilized medium to cool to about 45°C, it was
moved to sterile petri plates and given time to
solidify-[28]

Agar well-diffusion technique:

Antimicrobial activity was assessed using the agar
well-diffusion technique. Nutrient agar was
infected by spreading a volume of bacteria with a
sterilized glass spreader. Wells with diameters
ranging from 8 to 10 mm were then made using a
sterilized cork borer. Emulgel formulation and
clobete Gm cream were added to the wells. The
bacteria were cultured at 37°C for a full day. By
measuring the diameter in millimeters in three
fixed orientations and noting the average results,
the zone of inhibition was determined. [29]

RESULTS AND DISCUSSION
Evaluation of formulation

(Table 3: Evaluation of formulation)
Formulati | Parameters
on

Colou | Odour | Textur | Tast
r e e
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M1 Dark | Strong | Hard Bitte
brow | punge | and r
n- nt rough
black seeds

M2 Dark | Strong | Hard Bitte
brow | punge | and r
n- nt rough
black seeds

M3 Dark | Strong | Hard Bitte
brow | punge | and r
n- nt rough
black seeds

Evaluation Parameters: -

(Table 4: Evaluation of formulation Batches.)

Sr. | Parameters | Batches
No M | M2 M3
. 1
1. | Ph 6.41 6.29 6.49
2. | Homogenei | Good Good Goo
ty d
3. | Viscosity 7223 7263 725
3
4. | Spread 21 26 24
ability
5. | Extrudabilit | Good Good Goo
y d
6. | Drug 75 87 81
content
7. | Clarity Good Excelle | Goo
nt d
8. | Gel 26 30 28
strength
9. | Consistency | Good Excelle | Goo
nt d

Antimicrobial activity: -
1. Observed zone of inhibition values against S.
aures and against E. coli

(A)
(Fig 4: Zone of inhibition values against S. aures
(A) and against E. coli (B))

(B)

1. Zone of inhibition values against S. aureus
were observed:

Bull. Pharm. Res. 2025;15(S2)
(Table 5: Zone of inhibition values against S. au
were observed.)

Sample Zone of inhibition
0.5g Extract 21
0.5g Emulgel 24

2. Zone of inhibition values observed
against Escherichia coli:

(Table 6: Observed Zone of inhibition values
against E. Coli)

Sample Zone of inhibition
0.5g Extract 10
0.5g Emulgel 14

SKkin irritation test: -
No complaints of burning, itching, redness, or
other signs of irritation have been made.

. [l;ig 6: Skin irritation
test)

CONCLUSION

This study successfully developed and evaluated a
herbal emulgel using Psoralea corylifolia extract
to treat skin issues. The emulgel's pH, viscosity,
homogeneity, extrudability, and drug content
were assessed. Physical studies confirmed the
compositions' consistency, excellent
spreadability, and homogeneity. The pH ranged
from 6.29 to 6.49, which is consistent with skin
compatibility. The improved batch's viscosity of
7263 cP ensured proper rheology, and drug
content analysis validated the presence of the
expected active component.
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Abstract:

The present study outlines a simple, rapid, sensitive, accurate, and precise High-Performance Thin-Layer
Chromatography (HPTLC) method for the quantitative determination of Naftifine hydrochloride in its active
pharmaceutical ingredient (API) form, over a broad analytical range. The method was validated according to
International Council for Harmonisation (ICH) guidelines. Chromatographic separation was achieved on a silica
gel 60F254 pre-coated TLC plate, using a mobile phase consisting of ethyl acetate and acetonitrile in a 1:1 (v/v)
ratio. The method demonstrated no interference from tablet excipients, and distinct, compact spots for
Naftifine HCl were observed with an Rf value of 0.28 + 0.05. The analytical wavelength selected for detection
was _ nm (to be specified), and the mobile phase was delivered at a flow rate of 1.2 mL/min, with detection
carried out at 235 nm. The retention time (Rt) of Naftifine HCl was recorded as 5.33 minutes. The method was
validated for parameters including linearity, range, specificity, accuracy, and precision. Linearity was
established within the concentration range of 2-64 pg/mL. The percentage recovery of Naftifine HCl was found
to be 99.41%, indicating excellent accuracy. The method’s applicability was further demonstrated by analyzing
commercially available formulations, particularly those undergoing degradation studies. The statistical
evaluation of the results confirmed the reliability and robustness of the proposed analytical procedure.

Key words: Naftifine, HCl (NAF), HPTLC, Method development, Validation.
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INTRODUCTION

Human fungal diseases are brought on by
dermatophytes, yeasts, and molds and are
transmitted globally by contact with sick people,
animals, soils, and fomites. They fall into three
categories: systemic, deep, subcutaneous, and
superficial. Most infections caused by keratinized
fungi are superficial. Dermatophytes spread by TR
the air or by coming into contact with infected
people. They infect tissues such as the skin, nails, P T A T
and hair. It spreads from one portion of the body J

to another. [-31 Depending on the location, il Tl

severity, extent, and causative organism of the H T _
infection, dermatophytosis is frfequ.ently treated o a 1-1.),;,.;:;/n;}3.1,1m.yxpxop-z..m.l-am;nehy(ﬁ-uanmme
with oral or topical medications, or a

combination of both. The topical approach is

effects [4- 7]

w HC

Fig 1: Chemical structure of Naftifine hydrochloride

considered the first-linetreatment for superficial and
simple infections due to its high efficacy, strong ability to
localize drugs at the infection site, and low likelihood of
systemic absorption, which results in much fewer side
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The selection of topical antifungal medications for
the treatment of superficial fungal infections has
significantly increased over the past 20 years. The
imidazole class of medications includes the vast
bulk of the broad-spectrum antifungals in this
arsenal(E)-N-cinnamyl-N-methyl-
1naphthalenemethylamine hydrochloride, another
name for naftifine, is a member of the allylamines,
a new class of synthetic broad-spectrum antifungal
drugs. Naftifine specifically inhibits squalene
epoxidase, which is the source of its antifungal
action. This inhibition prevents the production of
ergosterol, the main sterol found in fungal
membranes [8-101,

Numerous techniques based on UV, HPLC, and GC
have been documented to estimate this medication
either by itself or in combination with other
medications in pharmaceutical dosage forms. The
HPTLC technique hasn't been explained yet,
though. Therefore, an attempt to estimate the drug
using the HPTLC Method has been successful in the
current work. The dimensions of the column
packing are one of the tracking components in the
HPLC technique. To maintain repeatability of
effects on these new instruments, high strain will
be needed to force the cell phase and sampling
through those new columns, and previously
unnecessary equipment will now be needed.

The advantage of excessive overall performance
thin layer chromatography (HPTLC) is that a large
variety of samples may be instantaneously
analyzed in a shorter period. Unlike HPLC, this
approach makes use of much smaller number of
solvents, thus reducing the price

The aim of the present work is to find a simple,
sensitive, specificc, HPTLC method and its
validation for estimation from API.

Materials and Methods:

Instrumentation:

The HPTLC system included a CAMAG Linomat 5
automated spotting device, densitometric analysis
was performed with a CAMAG TLC scanner - 3, and
all of this was supported by CAMAG WinCATS
software. The CAMAG twin-trough chamber (10
cm x 10 cm) was employed. For the sample
application, a 100 1 HPTLC syringe was utilized.
The sample was applied on precoated silica gel 60
F254 (Merck, Germany).
Experimental-Chemical reagents-

Working standards of pharmaceutical grade

Bull. Pharm. Res. 2025;15(S2)

Naftifine HCl obtained as generous gifts from
Simson Pharma Ltd., Mumbai (Maharashtra, India).
All chemicals and reagents of analytical grade were
purchased from Merck Chemicals, Mumbai, India

Preparation of sample solution-

A standard stock solution with a concentration of
100 pg/mL was prepared using methanol as the
solvent.

HPTLC optimization-

The TLC approach was developed with the goal of
developing a simultaneous test method for
Naftifine HCL. A standard stock solution was
prepared, and 10 pg/L sample were spotted on TLC
plates and processed in several solvent systems.
After numerous testing, it was discovered that the
movement of medication needed the use of a non-
polar mobile phase. As a result, the optimal ratio of
n-butanol to water to acetic acid was discovered to
be ethyl acetate: acetonitrile (5:5 v/v).

The TLC chamber was saturated for 30 minutes to
lessen the neckless effect. The mobile phase was
run upto the distance of 8 cm and it took around 25
minutes for the TLC plate to fully develop.

Validation of the method-

Validation of the method

The developed method was validated by following
ICH guidelines. Linearity, Specificity, Recovery,
Precision, Robustness, were all validated for the
developed method.

1. Linearity

The assay method's linearity was established by
performing simple linear regression on the results
obtained after injecting 10 pl of working standard
solutions containing 200-1200 ng/band of
Naftifine hydrochloride in triplicate. Calibration
plots were created by graphing calibration
standard concentrations vs. peak areas of the
individual responses. A simple linear regression
was used to assess the linearity of the plot, and
the correlation coefficient was calculated.

2. Accuracy

The technique's accuracy was determined by
conducting recovery at three levels (80%, 100%,
and 120%) and spiking the dose form (1200
ng/band) with NAF standard (1000ng/band) using
the standard addition method. Triplicate recovery
experiments were carried out.
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3. Precision

Repeatability on the same day and intermediate
precision studies on various days were used to
assess the accuracy of the devised method, and
the peak area observed was represented in %
relative standard deviation (%RSD).Six replicate
applications of the identical location (1000
ng/band) were used to assess sample application
repeatability and peak area measurement. Three
replicates of concentration (1000 ng/band) were
performed to ensure repeatability and
intermediate accuracy.

4. Robustness

The effect of deliberate changes in method
parameters such as the mobile phase
composition, saturation time, development
distance, spot scanning time interval,
wavelength scan, time from spotting to
chromatography, mobile phase volume was
evaluated. Calculating the percent RSD for
each parameter examined the effect of these
modifications on both Rf values and peak
regions.

5. Recovery

The evaluated samples were spiked with
50%, 100%, and 150% of the standard drug,
and the combination was reanalyzed. The
experiment was repeated six times for each
recovery sample to ensure that the
medication was recovered at varying
amounts in the formulations.

Results and Discussion
1. Linearity

Peak area was plotted against concentration to
create the calibration curves in triplicate. Table
1 displays the linearity data of Naftifine
hydrochloride. Fig.2 depicts the chromatogram
of Naftifine hydrochloride produced at 282 nm
with a standard concentration of 100 ug/ml.
The method's linearity was assessed using
basic linear regression analysis. As shown in
Fig. 3, the approach was shown to be linear
throughout the 1-50 g/ml range with a high
correlation.

Table 1 Linearity data of Naftifine
hydrochloride by HPTLC

Bull. Pharm. Res. 2025;15(S2)

Sr. | Concentration for | Area for
no | HPTLC (ng/band) HPTLC
1. | NAF NAF
2. | 200 4795.13
3. | 400 7061.03
4. | 600 9579.5
5. | 800 12311.1
6. | 1000 15009.06
7. | 1200 17340.23
Y
=100 T
l R¢ Value —> '
Fig 2 HPTLC Chromatogram of Naftifine

hydrochloride standard 100 pug/ml at 282nm

y=25515x+ 20B5.9
Rf=0.9991

Chart Title
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Area -oo---e- Linear (Area )

Concentraion

Fig 3 Calibration plot of Naftifine hydrochloride
prepared by plotting concentration against area of
peaks

2. Accuracy

Calculating the percentage of recoveries of test and
standard solutions of Naftifine hydrochloride was
used to evaluate the accuracy of the results utilised
in this investigation. The results of the recovery trial
are summarized in Table 2. The overall recovery
was determined to be 101.53 percent, indicating
that our procedure is accurate.
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Table 2 Data of recovery study of Naftifine

hydrochloride by HPTLC
Reco | Conc. Of | Conc. % %
very | testsol. | Of std. | Reco | RSD
level | (ng/ba | sol. very
(%) | nd) (ng/ba
nd)
NAF NAF NAF | NAF
80 1000 800 98.74 | 0.506
2
100 | 1000 1000 100.2 | 0.550
0 1
120 | 1000 1200 99.66 | 0.525
8

3. Precision

The results

demonstrated good

system

repeatability, intermediate precision and the
reproducibility of sample application and peak
areas measured were reported in percent RSD
(Table 3). The percent RSD for sample

Table 4 Robustness parameter for HPTLC

Bull. Pharm. Res. 2025;15(S2)

application system repeatability (1000 ng/spot) was
determined to be 0.63. This suggested that the
system's performance was excellent. The percent
RSD for reproducibility (1000ng/band) was found to
be 0.57.The percent RSD for intermediate precision
at concentration level (1000 ng/spot) was minimal,
indicating that the approach had high accuracy.

4. Robustness

A % relative standard deviation of peak area of less
than 2% was obtained by purposefully varying
parameters like mobile phase composition,
saturation time, development distance, spot
scanning time interval, wavelength scan, time from
spotting to chromatography, and mobile phase
volume. This suggests that none of these factors
significantly affect the performance of the suggested
method, confirming its robustness (Table 4).

Normal

Parameter condition Variable 1 Variable 2

Wavele 240 nm 238 nm 242 nm
ngth NAF NAF NAF
1170 1168 1163
Area 1160 1173 1171
1185 1180 1184

Average 1171.66 1173.66 1172.66
SD 12.58 6.02 10.59
%RSD 1.07 0.51 0.90

Saturation 20min. 15min. 25min.
Time NAF NAF NAF
1180 1169 1173
Area 1172 1167 1177
1174 1183 1172
1175.33 1173 1174
Average 4.16 8.71 2.64
SD 0.35 0.74 0.22
%RSD 0.25 0.65 0.19

. Toluene: Toluene: Toluene:

Mobile Phase(v/v) Methanol(8:2v/v) Methanol(7:3v/v) Methanol(9:1v/v)

NAF NAF NAF
Area 1167 1180 1163
1173 1188 1169
1169 1183 1173

Average 1169.66 1183.66 1168.33
SD 3.05 4.04 5.03
%RSD 0.26 0.34 0.43

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12,
March 20250rganised by PES Modern college of Pharmacy Nigdi Pune-44

138



Tekade et al

Conclusion

The proposed High-Performance Thin-
Layer Chromatography (HPTLC) method
for the quantification of Naftifine
hydrochloride is characterized by its
rapidity, simplicity, sensitivity, accuracy,
and precision. This analytical approach has
been meticulously developed and validated
to ensure robust performance across all
critical validation parameters, as per ICH
guidelines.

One of the key strengths of the method lies
in its reproducibility, which is confirmed
by the consistently low relative standard
deviation (RSD) values observed in system
suitability tests, accuracy studies, and
repeatability assessments. These findings
underscore the method’s reliability and its
suitability for routine quality control
analysis.

The simplicity of the method is further
highlighted by its utilization of standard,
commercially available chromatographic
plates and a commonly employed mobile
phase, thereby eliminating the need for
specialized reagents or equipment.
Moreover, the method offers the advantage
of a short analysis time, which enhances
laboratory throughput and operational
efficiency.In terms of analytical
performance, the method exhibits excellent
sensitivity and a high degree of linearity
across a broad concentration range,
making it well-suited method for detecting
and quantifying even trace levels of
Naftifine hydrochloride. The method also
demonstrates exceptional accuracy and
precision, thereby ensuring the reliability
of the results obtained in both bulk drug
and pharmaceutical formulation analyses

Overall, the developed HPTLC method
represents a robust and efficient analytical
tool for the routine determination of

Bull. Pharm. Res. 2025;15(S2)

matrices, with clear advantages in terms of
operational simplicity, time efficiency, and
analytical reliability.
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Abstract

Background: In India, polycystic ovarian syndrome, or PCOS, is a common endocrine and metabolic condition.,
involves symptoms like ovarian cysts, irregular ovulation, and high androgen levels, necessitating early
detection and proactive management. Objectives: The study aims to examine the knowledge about polycystic
ovarian syndrome (PCOS), evaluate attitudes toward PCOS, and assess health-related practices connected to
PCOS. Methodology: This descriptive cross-sectional study surveyed 166 females staying in Pune, India, aged
between 18-45 using a structured, validated questionnaire on knowledge, attitude, and health-related
practices. Responses were collected via Google Forms; with KAP scores determined using specific cut off
points. Attitude and practice scores were evaluated using 3- and 5-point Likert scales, respectively, and data
were digitized using descriptive statistics. Result: Out of 166 people, 95.8% belong to the age group of 18-45
years. Only 12.5% were diagnosed with PCOS. The study revealed that 92.8% of females have good knowledge
about PCOS, 39.8% have a poor attitude towards PCOS, whereas 89.9% have good health-related practices
regarding PCOS. Just 12.7% of medical professional received a PCOS diagnosis. 3.6% of patients used oral
contraceptives, 3% had a relevant previous history of PCOS. One of the main symptoms of PCOS, irregular
menstrual periods, was reported by a startling 22.3% of patients Conclusion: Females diagnosed with PCOS
show a commendable knowledge, attitude, and practice (KAP) regarding the condition compared with
undiagnosed females. This study highlights the better knowledge and practices amongst participants butlack
of attitude, while having a poor attitude concerning the early detection of this syndrome, leads to increased
disease burden in our female population.

Key words: Polycystic Ovary Syndrome (PCOS), knowledge, Health Related Practices.
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INTRODUCTION:

A complex endocrine disorder, Polycystic Ovary
Syndrome (PCOS) affects 6%-10% of women of
reproductive age. The syndrome’s main
symptoms include erratic or off menstrual cycles,
elevated androgenic substances fabrication, male
pattern hair growth, and abnormal ovarian
morphology. Because women do not always
exhibit all these sign and symptoms, PCOS is
challenging to diagnose and research. [l Globally,
PCOS prevalence varies; in India it is 30%,
whereas in other nations, it is lower. Teenagers
are most affected by insulin resistance (50%),
and 75% of women with PCOS have it. PCOS
affects 40% of women with dysmenorrhea, and
the risk of diabetes is 15.4%. (2. According to the
NH diagnostic criteria, the prevalence of PCOS
increased from 6% to 9% in the US, UK, Spain,
Greece, Australia, Asia, and Mexico. Bl. To
diagnose PCOS, a comprehensive history, a
physical examination, and basic laboratory
testing are usually enough. [ Usually, it is
established by any of the two criteria: polycystic
ovarian architecture on transvaginal
ultrasonography, clinical or analytical
hyperandrogenism, or irregular menstruation [51.
Obesity is also strongly associated with PCOS. It is
hypothesized that women with PCOS have both
extrinsic insulin resistance linked to lifestyle
choice and PCOS specific intrinsic insulin
resistance  with  increasing  weight 6l
Furthermore, the symptoms of PCOS or the
weight of a chronic illness can have a detrimental
effect on quality of life by raising worry and
despair. Effective PCOS management requires a
healthy lifestyle that includes a balanced diet,
consistent exercise, and keeping a healthy weight
[7]. Given the significant correlation between
weight growth, obesity in the abdomen, insulin
resistance, and PCOS traits, avoiding excessive
weight gain or reducing it is a feasible first
treatment target. The Androgen Excess PCOS
Society (AEPCOS) has said that lifestyle
modification is the main treatment for
overweight and obese women with PCOS I8l
Managing  symptoms including fertility,
uncontrolled hair growth, acne, and metabolic
abnormalities is the main goal of pharmaceutical
therapies for PCOS. While Spironolactone
prevents androgen effects, it necessitates good
contraception owing to the possibility of

Bull. Pharm. Res. 2025;15(52)

abnormalities. Birth control tablets assist reduce
testosterone levels, lowering acne and hair
growth. Long term therapies including ablation
and laser hair removal improve physical beauty
and quality of life, while Eflornithine lotion can
inhibit the growth of facial hair [9 According to
recent research, inositol’s, statins, letrozole and
vitamin D are among the new or altered
treatments recommended for the management of
obesity and metabolic syndrome in PCOS [10]

METHODOLOGY:

Study design, duration, and study site: A cross-
sectional prospective approach was used in the
study. Most of the people who took part were
students, housewives, or working women. Most
of them were from Pune, Maharashtra, India.
Data were gathered from the participants via
WhatsApp, Instagram, and Telegram.

Participant’s eligibility criteria: Women
between the ages of 12 and 45 were invited to
participate in part in the study. Women with
menstrual menopause who had planned
pregnancies or were unable to understand the
questionnaire were excluded.

Validation of questionnaire: The study made
use of a carefully created and verified survey. An
expert consensus and a review of the literature
were used to prepare the questionnaire. Content
validation was done by academic scholars,
pharmacists, physicians, nurses, patients, and
patients relatives. Volunteers presented the
questionnaire for appropriateness before the
study’s start. No reports of language
comprehension or meaning issues were made.
The questionnaire was in English and Marathi,
clear, relevant, and easy to understand, without
any confusing parts.

Data collection: The predesigned validated
questionnaire form is utilized to collect the data
online from the participants. Women filled out
the survey online and had to agree to participate
and confirm that their information was accurate.
We made everyone understand why we were
doing the study. The data collection form includes
specific demographic details of the patients age,
weight, height, whether the patients are
diagnosed with PCOS, menstrual cycle
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irregularity, duration of menstrual cycle, family
history of PCOS, number of children, medical
history, days of period, and menstrual flow. The
data is divided into 3 parts; the first one is
Knowledge, the second is Attitude, and the last is
Practice. So, questions for knowledge (20),
attitude (5), and practice (12) were included.

Scoring criteria: For all three sections, specific
cut-off points were employed. Twenty knowledge
questions were included. There are now two
viable responses to each question: yes and no. A
score of one was awarded for accurate responses.
People who scored below 10 were classified as
knowing insufficient knowledge. A three-point
Likert scale was employed to assess attitude. Five
questions about attitude were asked. Yes, no, and
maybe are the three possible responses toeach

Participan | Respon | Overall | Percen
ts se freque | tage
demograp ncy (%)
hic
characteri
stic
Age 12-18 7 4.2
years
18-45 159 95.8
years
Education | Post 29 17.5
Graduat
e
Graduat | 34 20.5
e
Under 103 62
Graduat
e
Illiterat | O 0
e
Employm | Employ | 15 9
ent status | ed
Self 5 3
employ
ed
Home 3 1.8
marker
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question; yes carries a score of 2, while maybe has
a score of 1. Having a positive attitude toward
PCOS was defined as having a score greater than
5. The survey's health-related habits section
contained twelve items. Responses were rated on
a 5-point Likert scale to evaluate how each
question was received by participants. Option 5
receives five points, whereas Option 1 receives
one. A cut-off score of at least 35 was established.
As aresult, people who answered 35 or below on
these questions were considered to have poor
health-related practices, whereas those who
answered 36 or higher were considered to have
good practice

RESULT:

Table no. 1: Demographic details of participants:

Student | 143 86.1
Marital Married | 17 10.2
status

Unmarr | 149 89.8

ied

Widow | 0 0

ed
Medically | Yes 21 12.7
diagnosed
with pcos | No 145 87.3
Duration of | 21 days | 16 9.6
Menstrual

28days | 116 69.9
Cycle

35days | 34 20.5
Menstrual | Regular | 129 77.7
cycle Irregula | 37 22.3
regularity | r
Family Yes 5 3
History

No 161 97
of PCOS
Number of | More 2 1.2
children than 2

1-2 10 6

NA 154 92.8
Use of oral | Yes 6 3.6
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contracept | No 160 96.4
ive
Medical Diabete | 2 1.2
] S
History mellitus
Respira | 2 1.2
tory
disease
S
Heart 0 0
disease
S
Thyroid | 5 3
disease
Skin 6 3.6
Disorde
r
NA 151 91
Days of | 1-2 5 3
period
3-4 85 51.2
5-6 76 45.8
Menstrual | Normal | 132 79.5
Flow
Heavy 32 19.3
Minimal | 23 13.9
Clots 23 13.9
Pain 50 30.1

According to the participants' demographic
information, 95.8% of them were between the
ages of 18 and 45. Many participants fall within
the height range of 5.1-5.5 (58.4%) and the
weight range of 41-50 (45.2%). Additionally,
89.8% of the patients were unmarried, and 62%
of them had less than a bachelor's degree. The
percentage of participants having a PCOS
diagnosis was just 12.7%. 92.8% of participants
had no known chronic diseases based on medical
history, 3.6% of patients used oral contraceptives,
and 3% had a relevant previous family history of
PCOS. whereas a small percentage of people had
conditions such as respiratory disorders (1.2%)
and diabetes mellitus (1.2%). When asked about
their cycle health, 22.3% of individuals said they

Bull. Pharm. Res. 2025;15(52)
had irregular ones. The substantial effect of PCOS
on sexual and reproductive health is highlighted
by the high incidence of irregular menstruation.

Figure no.1: demographic distribution of weight
and height.
Demographi distribution of weight
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Table no. 2: Detailed Mean score of KAP

Parameters Total Minimum  score
score required

Knowledge 20 10

Attitude 10 5

Practice 60 35

Overall KAP 90 50

The minimum score for a satisfactory evaluation
was 50, and the maximum possible total KAP
score was 90. The detailed mean scores indicated
that the minimum acceptable scores for practice,
attitude, and knowledge were 35, 10, and 5,
respectively. A total of three possible scores were
20, 10, and 60.
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Table no. 3: Information about the knowledge
score

Knowledge Number of subjects
Poor (1-10) 12 (7.2%)
Good (11-20) 154 (92.8%)

With knowledge ratings ranging from 11 to 20,
92.8% (n=154) of individuals had good
knowledge, @ demonstrating a  thorough
comprehension of PCOS, its symptoms, cause and
therapeutic techniques. Nevertheless, a tiny
portion of the population- 7.2% (n=12) showed
inadequate knowledge (scores ranging from 1 to
10), indicating a knowledge gap.

Table no. 4: Information about the Attitude score

Attitude Number of subjects
Poor (1-10) 66 (39.8%)
Good (6-10) 100 (60.2%)

Out of 166 individuals, 60.2% had a good attitude
(score between 6 and 10), which suggests that
they are willing to adopt PCOS preventive and
treatment methods. However, 39.8% (n=66) had
a negative attitude (score between 1 and 5),
which might be a sign of unwillingness,
misinterpretation, or lack of inspiration for
treatment adherence and lifestyle modifications.

Table no. 5: Information about the Practice score
that is classed

Practices Number of subjects

Poor (1-35) 17 (10.2%)

Good (36-60) 149 (89.8%)

Additionally, health-related practice that are
essential to PCOS management were evaluated.
According to the result, 89.8% (n=149) of
individuals adhered to excellent practices (scores
ranging from 36 to 60), which include eating a
balanced diet, getting regular exercise, and
following medical advice. On the other hand,

Bull. Pharm. Res. 2025;15(52)
10.2% (n=17) exhibited poor practices (scores
ranging from 1 to 35), which indicated poor self-
care practices and harmful lifestyle choices.

Table no. 6: KAP score of females who are
medically diagnosed with PCOS

Parameter Good n (%) | Poor n(%)
Knowledge 21 (100) 21 (0)
Attitude 21(19) 21(81)
Practice 21 (85.7) 21 (14.3)

Despite having adequate knowledge and
practices, patients with a medical diagnosis of
PCOS had a negative attitude.

Table no: 7 Overall KAP score

Overall KAP score | Number of subjects

Poor (0-50) 8 (4.8%)

Good (51-90) 158 (95.2%)

Overall KAP score

Poor MGood ®m =

The overall KAP score of all screened
participants was found to be satisfactory

Table no: 8 responses for Knowledge questions

Sr | Question for Responses
n | Knowledge -
o Yes No(incorr
(correct) | ect)
1 | Have you heard | 153 13
of "polycystic | (92.17%) | (7.83%)
ovary
syndrome
(PCOS)"?
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qualify as a
PCOS

Mali et al

2 | In PCOS thereis | 133 17
rise in | (88.67%) | (11.33%)
androgen levels

3 | PCOS patients | 104 16(13.33
frequently have | (86.67%) | %)
several little
cysts in their
ovaries.

4 | Being obese | 166 (0 %)
increases the | (100%)
chance of
developing
PCOS.

5 | PCOS may | 140 26
result from | (84.33%) | (15.66%)
decreased
insulin action in
the body.

6 | Does the | 139 27
menstrual (83.73%) | (16.26%)
cycle's
irregularity or
absence qualify
as a PCOS
symptom?

7 | Does PCOS | 135 28
manifest as | (82.82%) | (17.18%)
excessive  hair
growth on the
upper chin, lip,
breasts,
abdomen, and
thighs, among
other body
parts?

8 |Is PCOS an |131(79.39 | 34
indication  of | %) (20.61%)
severe acne
eruptions
throughout the
menstrual
cycle?

9 | Does excessive | 124 41
scalp hair loss | (75.15%) | (24.85%)

that exceeds
normal levels

symptom?
1 | PCOS can be | 118(71.95 | 46
0 | diagnosed %) (28.05%)
through
vaginal ultraso
und?
1 | Diagnosis of | 116(66.67 | 58
1 | PCOS can be | %) (33.33%)
confirmed
through
specific  blood
test?
1 | PCOS Can cause | 122(70.93 | 50
2 | Diabetes %) (29.07%)
mellitus.
1 | Hypothyroidis | 136(80.95 | 32
3 |m increases | %) (19.05%)
risk of
developing
PCOS
1 | PCOS increase | 112(65.12 | (34.88%)
4 | the risk of | %)
developing
heart diseases
1 | PCOStoresult | 144(92.31 | 12(7.69%
5 |in  decreased | %) )
fertility
(reduced
likelihood  of
getting
pregnant)  or
infertility
(inability to
have children)?
1 | PCOS could | 150(93.75 | 10(6.25%
6 | contribute to | %) )
anxiety and
depression?
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1 | Can hormonal | 119(71.26 | 48(28.74
7 | therapy,suchas | %) %)
oral
contraceptives
or hormone
intrauterine
devices, beused
in the
treatment  of
PCOS?

1 | Anti-diabetic
8 | medications,
such as
metformin, can
be used as a
treatment for P
C0S?

67(67%) | 33(33%)

1 | Is surgery an | 81(67.5% | 39(32.5%
9 | option for the | %) %)
removal of cysts
from the
ovaries?

2 | Can  physical | 147(91.87 | 13(8.12%
0 | activity reduce | %) )
the
symptoms of P
COS?

A detailed examination of the responses provided
by respondents to the knowledge questions is
shown in Table 8. 133 respondents, or 88.67%,
were unaware that testosterone levels were
elevated by PCOS. Of those who had PCOS, 104
(86.67%) were aware that their ovaries had tiny
multiple cysts.
Furthermore, 139 (83.73%) of the respondents
knew that irregular menstruation is a symptom of
PCOS. Still, 122 of them (70.93%) did not know
that diabetes can lead to PCOS. Furthermore, 113
respondents (70.93%) claimed not to be aware
that PCOS could cause cardiac issues.

Table no: 9 Responses for Attitude questions

Response

Bull. Pharm. Res. 2025;15(S2)

S Yes No Maybe

r | Questions

n | for Attitude

0.

1 | Doyou think | 144(72. | 6(3.80 | 38(24.
that PCOS, or | 15%) %) 05%)
polycystic
ovarian

syndrome, is
a significant
medical
condition?

2 | Doyou think | 139(79. | 7(4%) | 29(16.
PCOS impact | 43%) 57%)
on your
personal
life?

3 | Do you | 39(26 63(42 | 48(32
believe you | %) %) %)
are at risk of
PCOS?

4 | Doyoufeel 74(49.3 | 27(18 | 49(32.
anxious or | 3%) %) 67%)
depressed if
you

diagnosed
with PCOS?

5| If you | 67(44.6 | 46(30. | 37(24.
diagnosed of | 7%) 67%) 67%)
PCOS it
affects your
self-
confidence n
egatively

Table 9 displays the responses given by the
respondents to the PCOS attitude Questions. 139
(79.43%) of the respondents believe that PCOS
significantly affects their personal lives, whereas
144 (72.15%) perceive PCOS as a serious medical
illness. Furthermore, 39 people (26%) believe
they are at risk of developing PCOS.
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Table no: 10 responses for practice questions

Bull. Pharm. Res. 2025;15(52)

Sr

no.

Questions
for Practice

Responses

Never Rarely

Sometimes

Often

Always

How often
do you check
the nutrition
facts on food
labels?

14(8.24%) | 41(28.24%

)

48(28.24%)

29(17.06(%)

38(22.35%)

Do you
include low-
fat foods
(e.g.  Fish,
milk, oats
etc.) in your
diet?

11(6.47%) | 25(14.71%

)

55(33.35%)

38(22.35%)

41(24.12%)

Do you take
low-salt
foods (e.g.
Fresh fruits,
vegetables,
unsalted dry
fruits, rice,
meat, fish,
yogurt or
milk  etc)
into your
dietary
habits?

17(10.24% | 22(22.89%
) )

49(29.52%)

30(18.07%)

32(19.28%)

Do you eat
enough
fruits  and
vegetables
every day?

2(1.20%) | 17(10.24%

)

47(28.31%)

50(30.12%)

50(30.12%)

Have you
decreased
the intake of
refined
sugar in
your diet

22(13.25% | 30(18.07%
) )

47(28.48%)

34(20.48%)

33(19.88%)
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6

How do you
maintain
your
Menstrual
hygiene?

Very poor
60(36.36%

)

Poor

1(0.61%)

Fair

12(7.27%)

Good
89(53.94%)

Excellent

60(36.36%)

Do you
include a
greater
number of h
igh-Fiber
foods (oats,
apple,
banana,
carrots,
broccoli,
beans,
almonds,
flaxseeds
etc.) in your
diet?

3(1.81%)

16(9.64%)

60(36.14%)

46(27.71%)

41(24.70%)

Do you
consume
smaller meal
portions
during
dinner?

14(8.43%)

24(14.46%
)

51(30.72%)

38(22.89%)

39(23.49%)

Every day
for 30
minutes, do
you  work
out?

31(18.67%
)

36(21.69%
)

50(30.12%)

18(10.84%)

31(18.67%)

10

Do you eat
fast food
over the
weekends?

12(7.23%)

30(18.0%)

61(36.75%)

42(25.30%)

21(12.65%)

11

Do you think
it's easy to
keep up a
healthy diet?

Strongly
disagree

7 (4.27%)

Disagree 9
(5.49%)

Neither agree nor

Disagree
31(18.90%)

Agree
81(49.39%)

Strongly
Agree

36(21.95%)

12

Do you
consume
tobacco

147(93.04
%)

5(3.16%)

3(1.90%)

2(1.27%)

1(0.63%)
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cigarette an
d alcohol?

Table 10 displays the participants’ answers to the
PCOS practice questions. Of these, 55 (33.35%)
individuals stated they included low-fat foods in
their diet, and 48 (28.24%) reported they
occasionally read the nutrition information on
product labels.

DISCUSSION:

The findings of this study highlight significant
gaps in women's health-related behaviours,
attitudes, and understanding of Polycystic Ovary
Syndrome (PCOS) among patients in Pune,
Maharashtra, India. A total of 166 PCOS patients
participated in the study, which collected various
medical and demographic data alongside
Knowledge, Attitude, and Practice (KAP) scores.

The study’s findings on knowledge, attitude, and
practice were particularly insightful. Overall,
patients demonstrated a high level ofknowledge,
with 92.8% reporting substantial awareness of
PCOS 111, This result is notably higher than
findings from previous studies; for instance,
Konkati Druthika et al. reported that 59% of the
research population was aware of PCOS [12. while
Srivastava et al. documented an even lower
awareness rate of 50.2% [13l. Similarly, while the
present study recorded a high practice score of
89.87%, research by Jasmin et al. indicated a
significantly lower practice level of 7.5% 141,
However, in our study, high knowledge and
practice scores, the attitude score was
comparatively lower, with only 60.2% of
participants displaying a positive attitude toward
PCOS management. A critical area for
intervention in PCOS management is highlighted
by the difference between knowledge, practice,
and attitude, which points to a breakdown in
converting awareness into proactive behavioural
changes [15].

This study also identified significant correlations
between knowledge levels and several
demographic factors. Knowledge was positively
associated with age and education, with higher
education levels corresponding to greater
knowledge and attitude. These findings align with
previous research by Mehwish Rizvi and MD
Ashraful Islam, which emphasized the beneficial
impact of education on health awareness.
Furthermore, a study performed by Ranjana SR et

al. found that knowledge is to be strongly
correlated with attitude levels, with higher
education linked to more positive attitudes, and
attitude levels significantly associated with
educational attainment.

Other factors, especially attitude, may have a
greater influence on PCOS management, as
evidenced by the lack of a statistically significant
correlation between practice levels and
demographic or medical history data. Although
patients exhibit adequate knowledge and
practices, their motivation and positive health
attitudes are still insufficient, as indicated by the
observed gap between awareness and attitude.
Targeted methods like motivational interviewing,
patient-centred counselling, and organized
awareness initiatives are required to close this
gap by enhancing attitudes and promoting long-
lasting, sustainable behavioural change.

These results highlight the need to close the
knowledge-practice gap in PCOS care by
implementing behavioural interventions. To
make sure that more knowledge converts into
efficient and long-lasting management solutions
for PCOS, healthcare providers should
concentrate on clearing up misunderstandings,
lowering judgment, and encouraging self-
motivation.

CONCLUSION

This study evaluates the levels of knowledge,
attitude, and practice (KAP) related to PCOS. The
participants demonstrated good knowledge and
practice regarding PCOS; however, their attitude
scores were poor. The overall KAP score were also
good. The diagnosed patients have the same
scores as the normal participants.

These findings underscore the necessity of
structured educational interventions aimed at
enhancing attitude dispelling misconceptions
and encouraging health-seeking behaviours.
Improving KAP scores through targeted
awareness programs can facilitate better self-
management and contribute to improved long-
term health outcomes for individuals with PCOS.
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ABSTRACT:

The study investigates the potential of scleroglucan-based hydrogel as a wound healing agent by incorporating
doxycycline hyclate, an antibiotic known for its antimicrobial and anti-inflammatory properties. The research
focuses on formulating, characterizing, and evaluating the hydrogel through in-vitro, ex-vivo, and in-vivo
assessments. The methodology involved preliminary evaluation of scleroglucan, drug-excipient compatibility
studies, hydrogel formulation, and physicochemical characterization such as rheological behavior, swelling
index, drug content, and in-vitro drug release. The ex-vivo and in-vivo animal models were utilized to assess
the hydrogel’s wound healing efficiency, histopathological changes, and antibacterial activity. The drug release
study indicated that the scleroglucan-based hydrogel exhibited sustained drug release (88.9% in 8 hours)
compared to a marketed formulation that achieved 98.26% release in 5 hours. The wound healing study
demonstrated that the hydrogel-treated group showed faster wound contraction compared to control groups.
The histopathological evaluation confirmed enhanced collagen deposition and re-epithelialization, indicating
effective healing. The stability study revealed no significant degradation of the hydrogel under standard
conditions. The findings suggest that scleroglucan-based hydrogel is a promising wound dressing material with
enhanced antimicrobial activity, biocompatibility, and sustained drug release, making it a potential alternative
to conventional wound care products.
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An ideal environment is necessary for tissue

INTRODUCTION:
physicochemical characterization, in-vitro drug
release studies, ex-vivo and in-vivo wound

regeneration and repair throughout the intricate
biological process of wound healing 3 5. Because
of their high-water content, biocompatibility, and
capacity for continuous medication release,
hydrogels have drawn a lot of interest in the field
of wound care [} For quicker healing and
infection prevention, these qualities aid in
preserving a moist wound environment [ 101, A
naturally occurring polymer generated from fungi,
scleroglucan  has  demonstrated  stability,
biocompatibility, and possible antibacterial
qualities 681, Its use in wound healing is still not
well understood, though. Doxycycline hyclate, a
broad-spectrum antibiotic with anti-
inflammatory properties, may improve wound
healing and prevent microbial infections when
combined with scleroglucan 4111, This study aims
to formulate, characterize, and evaluate a
scleroglucan-based hydrogel containing
doxycycline hyclate 712, The research involves
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healing evaluations, histopathological analysis,
and stability testing. By utilizing the natural
wound-healing properties of scleroglucan and the
antibacterial effects of doxycycline, thisstudy
explores a novel hydrogel-based wound dressing.
The findings may contribute to the development
of an advanced, effective, and biocompatible
wound care solution 151 Scleroglucan was
selected over other polysaccharides due to its
superior thermal stability, enhanced swelling
capacity, and excellent bioadhesive properties.
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Hydrogels:

Three-dimensional networks of hydrophilic
polymers, known as hydrogels, can hold onto a lot
of water while remaining structurally sound.
Hydrogels are utilized extensively in wound care
management  because of  their  high-
watercontent,biocompatibility, and capacity to
create a moistenvironment. Hydrogels provide
several benefits when used as a material for
wound dressings. They provide a cooling effect
that reduces pain, encourages cell migration and
tissue regeneration, and hydrate parched
wounds. Because they are non-adhesive, there
will be less injury when changing dressings.
Furthermore, hydrogels can be filled with
medications like growth hormones or antibiotics,
enabling regulated drug release at the wound
site. For burns, ulcers, surgical wounds, and
chronic wounds, hydrogels are especially helpful.
They are a good substitute for conventional
dressings because of their capacity to absorb
exudates while preserving a moist healing
environment. As biopolymer-based hydrogels,
such those based on scleroglucan, continue to
progress, so does their promise for improved
wound  healing applications.

MATERIALS AND METHODS
Materials

The materials used in the formulation of the
hydrogel included Doxycycline hyclate, sourced
from Softeshule Pvt Ltd, Mumbai, as the
antimicrobial agent. Scleroglucan, the primary
polymer for gel formation, was obtained from
Qingdao Chemicals, China. Borax, used as a
cross-linking agent, was supplied by Merck
Specialist Pvt Ltd, Mumbai. Methyl paraben,
serving as a preservative, and Sodium
metabisulfite, acting as an antioxidant, were also
procured from Merck Specialist Pvt Ltd, Mumbai.

Bull. Pharm. Res. 2025;15(S2)

Methods

To guarantee even ingredient dispersion,
mechanical stirring was used to prepare the
hydrogel formulation [10]. The first step in
creating the hydrogel formulation was making
the polymer solution, which involved dissolving a
certain amount of borax in distilled water and
adding scleroglucan to create a stable mixture.
To guarantee even dispersion, doxycycline
hyclate was then added progressively to the
polymer solution while being stirred for three
hours at 400 rpm using a magnetic stirrer. Borax
started the gel formation and cross- linking
process, which stabilized the hydrogel network.
Methyl paraben was added as a preservative and
sodium metabisulfite as an antioxidant to
improve the stability of the formulation.

Table no. 1 Preliminary Trial batches of Hydrogel

Batch Drug( Poly
Code mg) mer
F1 0.150 0.5%
F2 0.150 0.7%
F3 0.150 0.8%
F4 0.150 1.0%
F5 0.150 2.3%
EVALUATION OF HYDROGEL

Rheological behaviour:

Rheological behaviour of hydrogel was
determined by using Brookfield viscometer at
different rpm using Helipath spindle no. D (121,

Drug content:

One gram of the test sample was dissolved in one
hundred milliliters of distilled water to determine
the drug concentration. Distilled water was used
to further dilute each of these solutions. To get rid
of insoluble material, the solution was filtered. At
271 nm, absorbance was measured  using a UV-
visible spectrophotometer. [35.10]
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FTIR Spectroscopy:

The Prestige-21 (SHIMADZU)  withIR
resolution software was used to record the
FTIR spectrum of doxycycline hyclate. After
being put in the FTIR sample container, the
drug sample was scanned between 400 and
4000 cm-1. The obtained spectrum was
presented together with the structural
assignments for the typical absorption bands.

UV spectroscopy:

The goal of the study was to create a UV
spectrophotometric  technique for the
examination of the common antibiotic
doxycycline hyclate. Because of the drug's
solubility, distilled water was selected as the
solvent. Doxycycline hyclate (10 mg) was
dissolved in 10 mL of distilled water to create a
standard stock solution, which had a
concentration of 100 pg/mL. Serial dilutions of
3.25, 6.25, 12.5, 25, and 50 pg/mL were made
from this stock. These solutions’ UV spectra
were recorded between 400 and 800 nm, with
271 nm showing the highest absorption. The
standard calibration curve for quantitative
measurement was constructed using the drug's
linearity range, which was established based
on literature to be 3.25-50 pg/m.

Appearance:

The general appearance of the gel includes
morphological characterization like, color,
appearance, odor etc.

Swelling index:

The amount of moisture or water absorbed by
the formulation in dried form over the course
of 24 hours was measured using the swelling
index. The following formula was used to
determine the weight of the empty petri plates,
the weight of the petri plates with formulation
in the dried condition, and the weight of the
petri plates when swelling is taken into
account.

Spredability

spredability, texture analysis was performed
using a Brookfield texture analyzer, which
involved pouring gel into a cup -cavity,
calibrating the apparatus, starting the probe,
and recording the graph once the calibration
was complete.
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In vitro diffusion study:

The drug was subjected to an in vitro diffusion
investigation using the Franz diffusion cell
device. Phosphate buffer (pH 7.4) was added to
the donor compartment. A UV-visible
spectrophotometer was used to detect the
absorbance at 271 nm following the application
of a precisely weighted gel to the rat's skin and
rotation at 150 rpm for almost seven hours. The
percentage of drug release was then computed
and compared to a commercial formulation.

Ex vivo animal study

Evaluation of in vivo primary skin irritation test
on rats: As per approved protocol of CPCSEA
(Reg No0.884/ac/05/CPCSEA) animal study was
carried out. Optimized formulation was
evaluated for primary skin irritation test. Nine
healthy rats were used for the experimentlisl.
The backs of the animals were clipped free of the
fur with a razor at least 4 hrs before application
of the sample. A 0.5 gm of sample of the test
material was then applied to the particular site
to an area of skin approximately 17 x1”
(2.54x2.54cm) square. The sample applied site
was covered with a nonreactive tape. Animals
were returned to their cages. After a 24hrs
exposure, the tape was removed and the test
sites were wiped with tap water to prove the test
sample. At 24 and 72 hours after test sample
application, the sites were examined for dermal
reaction in  accordance  with  FHSA-
recommended Draize scoring criteria. The
primary irritation index of the test sample was
calculated following test completion.

Evaluation of Wound healing activity:

Wistar albino rats weighing 200-250 g were
used to test the wound-healing properties of
hydrogel containing 1% scleroglucan and 0.2%
doxycycline [131. Five animal groups, each with
six rats, were selected and designated as the
control group 4. Group 1 was given
scleroglucan hydrogel in its plain form, Group 2
was given a hydrogel (optimal batch), Group 3
was given doxycycline in carbopol 940 gel, and
Group 4 was given the commercial formulation.
There are numerous animal models available
for the study of wound healing. models forburn,
dead space, excision, and incision. Which wound
healing model is applied depends on thestudy's
design and goal. An incision wound model was
selected for the study, and the animals were
labeled and classified. To get rid of hair from the
edges, apply hair removal cream.
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Once the peripheral hairs have been removed,

the skin area needs to be disinfected with
ethanol or other solvents. A surgical blade is
used to make four to six centimeter cuts in the
skin, which are then left open for twenty- four
hours. After a 24- hour period, the
composition is administered twice a day. The
results were documented.Histopathological
study: Before and after wound healing, a
histopathological analysis was conducted to
assess the formulation's anti- inflammatory
reaction against inflammatory cells, collagen
content, re-epithelialization, and granulation
content (16 Hematoxyline and Eosin (HE) stain
was used at B.J. Medical College to examine
the optimized formulation for
histopathological alterations, and 10X
magnification photos were captured. Eosin
stains basic regions blue, while hematoxyline
stains acidic regions pink.

Stability studies:

Stability studies ensuring the maintenance of
product quality, safety and efficacy
throughout the shelf life are considered as
pre-requisite for the acceptance and approval
of any pharmaceutical product. These studies
are required to be conducted in a planned way
following the guidelines issued by ICH, WHO
and or other agencies. Stability studies were
carried out on optimized formulation
according to ICH guidelines. Following ICH
guidelines, the formulation in an aluminum
tube underwent three months of accelerated
stability = testing at  three  different
temperatures: 25 + 22 C and 60 * 5% relative

Melting Point:

The melting point analysis showed that the
observed melting point of doxycycline
ranged between 196-200°C, which is
consistent with the reported value of
approximately 201°C, confirming its
authenticity.

FTIR Analysis The spectrum shows all
prominent peaks of Doxycycline. The FT-IR
spectrum of Doxycycline shown in Fig.1

Bull. Pharm. Res. 2025;15(S2)

humidity, 30 + 22 C and 65 = 5% relative
humidity, and 40 + 22 C and 75 + 5% relative
humidity. Samples were taken at one- month
intervals for three months, andchangesin pH,
viscosity, and drug content were examined. If
observed values were recorded, any
modifications to the evaluation parameter
were documented. The tests were conducted
in duplicate, and the standard deviation and
mean of the observed data were recorded.
SKin irritation test:

To assess the safety of topical application of the
1% doxycycline hydrogel with scleroglucan, a skin
irritation test was performed. Test individuals
were used in the investigation, and the
formulation was applied to a particular skin area.
The skin was examined for any pre-existing
abnormalities or irritation prior to application.
Twice daily, a tiny amount of the hydrogel
formulation was gently applied to the test region,
and the participants were watched for any
outward symptoms of skin irritation, such as
itching, erythema, edema, or allergic responses. To
find any negative impacts, observations were
made on a regular basis.

RESULTAND DISCUSSION

Drug Authentication

Organoleptic Properties

The organoleptic evaluation of doxycycline
revealed that the drug was found yellow in color,
odorless, and tasteless.

FTIR Analysis
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Table :2 Results of IR Spectra :

Wave number Standard | waye number Observed (cm -1) Group identified
(em 1)
3000-3100 C-H 3126.04
1000-1300 C-0 1040.41
1400-1600 C=C 1459.85
675-1000 =C-H 938.391

CH; OH  N(CHy),

'CH;;CHQOH

H,0

Figure 2. FTIR spectra of

HO

HOJ\ /~OH R
0 100 -.‘b et k-‘ - ~\
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0
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Y{/ OH 0 OH J 0 - oo e
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Figure 4. structure of scleroglucan Figure 5. FTIR spectra of scleroglucan
Wave number Wave number Group identified
Standard (cm '1) Observed (cm '1)

3500-3700 O-H 3648.66
1400-1600 C=C 1507.1
1210-1320 C-0 1339.32
675-1000 =C-H 868.77
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Equation of straight line obtained by UV-
Visible spectroscopy showed that Beer-
lamberts law was obeyed and linearity
range was found to be 3.25 to 50pg/ml.
Coefficient of correlation was found to be
0.997 which was less than 1.00. As per
reported methods lambda max was
273nm.

Evaluations of hydrogel:

Swelling index of hydrogel on the results for
viscosity and swelling index. To assess the
formulation's water-absorbing and water-holding
capabilities, the swelling index is used. This makes
it easier to comprehend how the hydrogel behaves
and how to maintain a moist environment around
the wound regions. Additionally, depending on the
surrounding conditions, hydrogels may exhibit
swelling  behavior. These polymers are
physiologically-responsive  hydrogels, meaning
that when the external environment changes, the
network may swell or polymer complexes may
break. In vitro drug release study-The Franz
diffusion cell and pH 7.4 buffer in the acceptor
compartment were used to measure the drug
release kinetics of 1% hydrogel. Rat skin was used
for the release investigation, and the formulation
(0.5gm) was applied to it. The trial was continued
and the drugrelease was assessed at a speed of
200 rpm and a temperature of 37+ 5°C for

Histopathological study: The work required to
remove the probe from the sample is represented
by the work of adhesion, which is the negative
area under the force-time curve. The findings
demonstrated that the force needed to
disseminate the sample is not more than the
force needed to separate the probe. This
indicates that the hydrogel sample has good
spreadability with an adhesiveness of 0.10 mj
and an adhesive force of 4 gm.

Bull. Pharm. Res. 2025;15(S2)

approximately 8 hours. In contrast to the
marketed product, which demonstrated a
maximum drug release in 5 hours of
approximately 98.26% drug release, this
investigation shown that the maximum drug
release was reached in 8 hours and was around
88.9%. When comparing doxycycline release
experiments of 1% hydrogel with Scleroglucan

Release mechanism:

The release rate of the hydrogel depends on
the concertation of the drug present in the
hydrogel. That’s why this follows zero order
kinetics also the swelling of scleroglucan and
uniform dispersed drug responsible for the
zero-order release mechanism.

It reduces the frequency of application, and
the constant release of drug keeps moist,
antimicrobial and anti-inflammatory
environment which is ideal for wound
healing. and other studies of doxycycline with
carbopol 940, the results indicate that 90% of
the drug is released in 8 hours with
Scleroglucan and 45% in 24 hours with
carbopol 940.

Texture analysis of trial batch (F4) -
Texture analysis is a penetrometry
technique that has been extensively
employed in the mechanical characterization
of food materials

1. Sy stem  adhesiveness (the
maximum negative force recorded in the
withdrawal)

Adhesive Force is force required to separate the
sample from the probe and adhesiveness is work
require to pull the sample away from the
surface. animal study Wound healing study:
Group II- This group received two daily
applications of plain scleroglucan (1%) gel, and
daily wound healing was monitored. From day
two to day ten, all wounds began to heal quickly.
From day two, the rate of wound contraction
increased. Group III-
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All of the animals in these groups received
treatment with 1% Sclg+Dox hydrogel twice daily,
and daily observations were made of the contraction
and healing of the wounds. Animals treated with
hydrogel were shown to heal more quickly than
those in Group II (Plain hydrogel of scleroglucan).
Group IV- All of the animals in this group received
treatment with carbopol 940 gel and doxycycline
twice daily. Within 15 days, all of the animals'
wounds had fully healed. Group V- Every animal
received treatment using the commercially available
Hydroheal product, which includes a gel base and
silver colloid. In comparison to hydrogel and regular
doxycycline gel, the marketed formulation
demonstrated wound healing in 5 days, which was

Bull. Pharm. Res. 2025;15(S2)

Table no.3 In-vitro drug release Kinetics

too quick. The histological analysis revealed that
both the test and control wounds had significant
inflammation at the start of the investigation.
Peripheral keratinocytes that were migrating across
the wound bed were highly abundant along the
wound edges. Following treatment with 1%
scleroglucan containing doxycycline hydrogel, a
notable improvement was observed. After wounds
were treated, significant hypergranulosis was
discovered.[25] color change from yellow to brown
and also the change in pH and drug content was
appeared. There was no significant change in color,
pH and drug content was appeared for hydrogel at
30 °C and at room temperature.

Table: 2 Batch F4 is chosen as the optimal batch
based

Sw F1 F2 F3 F4 F5 Mark|
elli eted
Irllfi for.mu
ex lation
(% 9.96+0|10.95+|10.48+ |11.75%+|11.46+| 23.11
) .820 | 0.586 | 0.332 | 0.452 | 1.105 +1.03

Time (mi| % w/v |%w/vDrug| %w/v
n) Drug release of | Drug
release plain release of
doxycycl| hydrogel | marketed
ine (without | formulati
hyclate drug) on
5 22.48+0.21| 3.05+0.521 6.95+0.14
2 8
10 13.04 5.87+1.206 | 10.08+0.9
+0.254 12
15 9.92 7.23+0.583 |17.975+0.3
+0.353 32
30 11.74 10.35+0.850| 33.21+0.5
+0.028 65
45 15.03 13.06£1.651| 33.21+0.5
+1.850 65
60 14.27 16.54+0.738| 41.7+0.59
+0.746 3
120 44.84 20.39+1.820| 60.08+0.2
12
UV Analysis:
Table no.4 Stability study
TIME PARAMETERS | INFEREN CE
1 Color No change
5 Drug content 95.21%
30 Color No change
Drug 95.12%
content
4 Color No change
5 Drug 94.68%
content
6 Color Light
0 brown
Drug 94.05%
content
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Table no. 5 In-vitro release kinetic model fitting profile

Zero order | First Hixs |Matrix Rate Best fit t90%
Batch model (r) | order on- model of Kinetic )
ate model Crow |(r) Rele model (min)
(r) ell ase
mod (k)
el (r)
1% Zero
hydrogel 0.7425 0.7207 0.7280 [0.6043 |0.0208 order 10038.1
Marketed 0.9408 0.9450 0.9437 10.9544 [0.0173 Matrix  [28092.2

Table no. 6 swelling index of trial batches and marketed formulation

SR Viscosity of Trial batches (Cp)
F1 F2 F3 F4 F5 Marketed formulation
5 371.5 227.5 314.4 427 402.7 450.9+£1.272
+ 1.202 +0.28 +0.28 9 +0.91
2 4 +0.9 9
89
10 227.1 184.7 267.8 355. 338.2 392.7+1.343
+0.56 +0.61 +0.84 25%1 +0.49
5 5 8 .20 4
20 168.3 143.2 201.9 219, 216.2 334.8+0.424
+0.77 +0.63 +0.07 7510 +1.27
7 6 0 .353
30 [114.9 106.0 144.5 158. 125.8 187.8+0.282
+0.14 +0.56 +1.06 0510 +0.28

Fig 8 Formulation hydrogel (F4) beforeand after healing
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CONCLUSION: According to the study,
doxycycline hyclate- incorporated scleroglucan-
based hydrogel is a potential material for wound
dressings because it has improved antibacterial
activity, biocompatibility, and sustained drug
release. In comparison to a commercial
formulation (98.26% in 5 hours), the hydrogel
Skin irritation test- From the evaluation of skin
irritation test it was clear that there was no any
allergic response observed such as redness on
skin, edema, swelling on skin observed.

Stability Study:
Doxycycline degraded at 40 2C accompanied by
demonstrated excellent physicochemical

features, such as appropriate rheological
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Abstract

Mouth ulcers are a common oral health concern that can cause pain and discomfort, often exacerbated by food
intake and poor oral hygiene. To address these challenges, the present study focuses on developing herbal
medicated chewing gum as a novel drug delivery system for treating mouth ulcers. The formulation was prepared
using a polyvinyl acetate-based gum base, into which orange oil, cottonseed oil, and pumpkin seed oil were
incorporated in an optimized 1:2:1 ratio due to their antimicrobial and healing properties. The gum was coated
with sorbitol and glycerin to enhance stability and texture. Various physicochemical properties of chewing gum
were evaluated, including elasticity, hardness, thickness, and stickiness, all meeting optimal standards. The
antimicrobial efficacy of herbal chewing gum was tested against Streptococcus viridans using the cup plate method,
demonstrating a maximum zone of inhibition of 29.3 + 2 mm. In vitro release studies confirmed a gradual and
sustained release of active ingredients over 20 minutes, ensuring prolonged therapeutic action. Additionally,
stability studies over 90 days indicated that the gum maintained its physical properties and antimicrobial activity
with minimal degradation.

Keywords: Herbal chewing gum, mouth ulcers, antimicrobial activity, orange oil, cottonseed oil, pumpkin seed
oil, Streptococcus viridans.
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1. Introduction

mouthwashes, gels, and sprays. However, these

Mouth ulcers, also known as aphthous ulcers, are
treatments often provide only.

a prevalent oral condition affecting individuals of
all ages. These lesions can range from mild
discomfort to severe pain, often exacerbated by
dietary intake and poor oral hygiene [1l. While
most ulcers heal spontaneously within one to two

symptomatic relief and may be associated with
side effects such as mucosal irritation or systemic
absorption 4l

weeks, recurrent or severe cases can significantly
impact quality of life, necessitating effective
therapeutic interventions (2]

The etiology of mouth ulcers is multifactorial,
involving nutritional deficiencies (e.g., iron,
vitamin B12, and vitamin C), mechanical trauma,
stress, infections, and hormonal imbalances [l
Current treatment modalities include
antimicrobial = pastes, corticosteroids, and
analgesics, available in various forms such as

Chewing gum has emerged as a promising drug
delivery system due to its convenience, ease of
use, and ability to stimulate saliva production,
which aids in neutralizing oral acids and
promoting ulcer healing 5. Medicated chewing
gums can deliver active ingredients directly to the
oral cavity, providing localized and sustained
therapeutic effects [6l. Furthermore, the
incorporation of herbal ingredients offers a safer
alternative to synthetic drugs, with fewer side
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effects and enhanced patient compliance [71.
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Herbal formulations have gained significant
attention in recent years due to their natural
origin and therapeutic efficacy. Phytoconstituents
such as flavonoids, tannins, and essential oils
exhibit anti-inflammatory, antimicrobial, and
wound-healing properties, making them ideal
candidates for oral ulcer treatment [8]. For
instance, clove oil, licorice, and aloe vera have
been traditionally used for their analgesic and
anti-ulcerative effects [91.

This study aims to develop a herbal medicated
chewing gum incorporating orange, cottonseed,
and pumpkin seed oil, leveraging their
antimicrobial and healing properties. The
formulation is designed to sustain active
ingredient  release, ensuring  prolonged
therapeutic action while maintaining optimal
physicochemical properties [10].

2. Materials and methods

The following figures are illustrative of particular
examples for the method of the present study, are
descriptive of some of the embodiments, and are
not intended to limit the scope of the study.

2.1 Screening of oils:

1. Preparation of oil samples: Dilute each oil
(orange, cottonseed, pumpkin seed oil)inethanol
to prepare a 10%(v/v) solution. Filter-sterilize the
oil solutions using a 0.22 pum membrane filter.

2. Preparation of Microbial Culture: Inoculate
Streptococcus viridans in nutrient broth and
incubate at 37°C for 24 hours. Adjust the turbidity
of the microbial suspension to match the 0.5
McFarland standard.

3. Antimicrobial Activity Testing (Cup Plate
Method)

Pour MitisSalivarius agar into sterile petri plates
and allow it to solidify. Spread 100 pL of the
standardized microbial suspension evenly over
the surface of the agar plates using a sterile
spreader. Create wells (6 mm diameter) in the
agar plates using a sterile cork borer. Add 50 pL of
each oil solution (orange, cottonseed, pumpkin
seed oil) into separate wells. Include a control well
with ethanol. Incubate the plates at 37°C for 24
hours. Measure the diameter of the zone of

Bull. Pharm. Res. 2025;15(S2)

inhibition (in mm) around each well using a ruler
or caliper. Record the results.

2.1.1 Screening of oil ratio: The procedure for
screening the oil ratio was performed according to
the method described in section 2.1.

2.2 Preparation of gum base for herbal
chewing gum:

An accurately weighed quantity of polyvinyl
acetate (2.4 gm) was dissolved in ethanol (15 ml)
in a beaker. Lanoline (0.96 gm), paraffin wax (0.4
gm), and ester gum (1.44 gm) were melted at 40-
60°C. Molten ingredients were added into a
mortar pestle and mixed with high intensity. Talc
(2.4g) was added during mixing, forming a solid
gum base [111,

2.3 Evaluation of Solid gum base:

2.3.1 Physical appearance: The solid gum base
was visually evaluated for physical appearance,
color, and odor. The texture study was performed
manually by pressing the gum between the thumb
and finger. The texture felt sticky, good, or had a
solid mass [121.

2.3.2 Solubility: Solubility of the gum base was
determined in water at 37 + 2°C by keeping the
gum in contact with water for 48 hours 13!

2.3.3 Elasticity study: An analytical weighing
balance was used to measure elasticity. One end of
the chewing gum was stuck to the bottom of the
analytical weighing balance, and the other end
was stuck to a plane surface. The lower clamp was
held stationary, and the upper clamp pulled apart
the chewing gum until it broke, losing its elasticity.

The weight required at this point was recorded
[14],

2.4 Antimicrobial activity of gum base
against Streptococcus viridans:
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In vitro antimicrobial studies were performed
against Streptococcus viridans in MitisSalivarius
agar medium using the cup plate method. The
bacterial suspension was spread on the surface of

Fig. 1. Herbal oil mixture
incorporated chewing gum

plates with the help of a spreader. Required size
bores (6 mm) were made using a cork borer.
Samples were filled into the bores. The whole
procedure was carried out in an aseptic laminar
airflow chamber. The petri plates were placed into
an incubator at 37°C, and microorganisms were
allowed to grow for 24 hours. After 24 hours, the
zone of inhibition was checked to determine the
antibacterial activity of the gum base [15.

2.5 Incorporation of herbal edible oils in
gum base:

The prepared gum base (2g) was melted at 60-
80°C on a water bath. The selected combination of
oils (orange oil, cottonseed oil, and pumpkin seed
oil) in the ratio of 1:2:1, respectively, was mixed
with the molten gum base, and talc powder (0.5g)
was added simultaneously [16] (Figure 1).

2.6 Coating of Herbal Chewing Gum:

An accurately weighed quantity of sorbitol (5%
w/v) and glycerin (20% w/v) was dissolved in
water and heated at 60°C for 15 minutes. The
solution formed was viscous. The medicated
chewing gum was dipped into the solution for 1
minute, then dry talc powder was applied. This
step was repeated 3 to 8 times, and the gum was
dried at 27°C-38°C [17] (Figure 2).

Bull. Pharm. Res. 2025;15(S2)

Factors Ratio Bacterial Zone
species of
Orange oil | Cottons Pumpkin inhibit
eed oil seed oil ion
(mm)
F1 1 1 1 Streptococcus | 29 +3
viridans
F2 2 1 1 Streptococcus | 27.5 +
viridans 3
F3 1 2 1 Streptococcus | 29.3 +
viridans 2
2.7 Evaluation of Herbal Chewing Gum:

2.7.1 Diameter and Thickness: 10 medicated
chewing gums were selected, and the diameter
and thickness were measured using a Vernier
caliper [18]-

2.7.2 Test for Hardness/Plasticity: 5 medicated
chewing gums were selected, and hardness was
measured using a Monsanto hardness tester[19],

2.7.3 Stickiness: The medicated chewing gum
was placed on a plain surface, and a 110 gm pestle
was placed on it for 10 minutes. The frequency of
hammering was about 30/minute. After 10
minutes, sticking of the mass to the pestle surface
was observed [20],

2.7.4 Elasticity: Elasticity was measured using an
analytical weighing balance, as described earlier

Fig. 2. Coated herbal chewing gum
[21].

2.8 In vitro release study:

The in vitro drug release of herbal chewing gum
during mastication was studied by creating
mastication conditions in a mortar pestle.
Phosphate buffer (pH 6.3) and herbal chewing
gum were taken in a mortar. Using the pestle,
mastication-like conditions were created. Samples
were removed after 0, 2, 4, 6, 8,10, 12, 15, 18, and
20 minutes. The release study of 8 samples was
performed against Streptococcus viridans, and the
zone of inhibition was measured (211,

2.8.1 Stability study:
Stability studies were conducted according to ICH
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guidelines to assess the combined effect of oils,
gum base, and excipients on the stability of the
formulation. The optimized formulation was
placed in vials and stored at 30°C + 2°C/65% RH +
5% RH. The samples were evaluated for physical
appearance, elasticity, and microbial growth after
30, 60, and 90 days [20] (Table 1).

3. Result:

Table 1 Evaluation of gum base

Bull. Pharm. Res. 2025;15(S2)

2) Cottonseed | Streptococcus | 25+1
oil viridans

3) Pumpkin Streptococcus | 24 +2
seed oil viridans

Parameters Reported Observed
Physical 1) Soft 1) Soft
appearance

2) Chewy 2) Chewy
3) Reduced | 3) Reduced

tackiness )
tackiness
4) Insolubl
) Insoluble 4)
Insoluble
Elasticity study 7 to 8 cm 7.5 cm

Table 2 Antimicrobial activity of gum base

Based on the above result in table 2, it was
concluded that the gum base does not show
antibacterial or antimicrobial activity

Evaluation of anti-microbial and anti-bacterial
activity of orange oil, cottonseed oil and pumpkin
seed oil: Antimicrobial and antibacterial activity
was checked by cup plate method

Table 3: Antimicrobial activity was against
streptococcus viridans

Sr. No. Name of Oil | Bacterial Zone of
Species Inhibition
(mm)
1) Orange oil | Streptococcus | 23 +1
viridans

Table 4: Antibacterial activity against streptococcus

viridans

Since the results in table 4 above, it was
concluded that the F3 ratio of 1:2:1 shows better
zone of inhibition as compared to other factors.
Hence a factor 3was selected for the further
formulation of herbal chewing gum.

Table 5: Evaluation of herbal chewing Gum

From table 5, it was concluded that the final
chewing gum formed after incorporation of oils
showed optimum hardness, elasticity and
stickiness property.

3.1 Antimicrobial activity

The antimicrobial activity of medicated chewing
gum was checked against Streptococcus viridans
using Mitis Salivarius agar culture respectively as
culture media by cup plate method as indicated in
Table 6, using Nutrient agar, Brain heart infusion
media and Muller Hinton agar culture respectively

Sample Fungus species Zone of
inhibition
(mm)
Sample 1 | Streptococcus 0
viridans

as culture media by cup plate method. The
incubation was carried out at 25°C for 24 hours

Table 6: Antimicrobial activity against
Streptococcus viridans

Micro Zone of inhibition
organism

Streptococcus 23+ 2 mm
viridans

3.2 In vitro release study
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Table 7: In vitro release study

Table 9: Zone of inhibition of medicated chewing gum at
Samples Time interval Zone of inhibition different time intervals
S1 0 min. 0 mm Sr. No. Time interval Zone of inhibition
S2 3 min. 10 +2 mm 1 Initial 28 +1 mm
S3 6 min. 11 +1mm 2 30 days 27 +2 mm
S4 9 min. 13 12 mm 3 60 days 26 11 mm
S5 12 min. 16 + 3 mm 4 90 days 25+ 2 mm
S6 15 min. 20 +3 mm
S7 18 min. 23+ 1 mm Figure 3. Antimicrobial activity of formulation at
different time intervals.
S8 20 min. 24 + 3 mm

From the zone of inhibition in Table 7 above, it
was concluded that the oils released from chewing
gum up to 20 minutes. After 20 minutes, there was
no increase in the zone of inhibition indicating no
further release of oils.

(a) Initial (b) 30 days

3.3 Stability study

Table 8: Physical characterization of medicated chewing
gum at different time intervals

(©) 60 days (890 days

The formulation was found to be stable retaining

- its physical properties and antimicrobial property
Parameters | Initial After 30 | After 60 | After 90 for up to 90 days (Table 8, 9 and Figure 3).
days days days
Discussion:
Physical 1) Soft 1) Soft 1) Soft 1) Soft
appearance The present study successfully formulated a
2) Chewy | 2) Chewy | 2) Chewy | 2) Chewy herbal medicated chewing gum with significant
3)Reduced | 3) Reduced | 3) 3) antimicrobial and wound-healing properties. The
tackiness | tackiness | Reduced | Reduced incorporation of orange oil, cottonseed oil, and
4)Insoluble | 4)Insoluble tackiness | tackiness pumpkin seed oil in a 1:2:1 ratio demonstrated
4) 4) superior antimicrobial activity
Insoluble | Insoluble against Streptococcus viridans, with a zone of
Elasticity | 6.9 cm 72 em 74 cm 7.6 cm inhibition of 29.3 + 2 mm. This finding aligns with
study previous studies highlighting the antimicrobial
efficacy of essential oils in oral care products 101,
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The sustained release of active ingredients over
20 minutes ensures prolonged therapeutic action,
addressing the limitations of conventional
treatments that require frequent application [5}
Furthermore, the stability studies confirmed that
the formulation retained its physical and
antimicrobial properties for up to 90 days, making
itaviable option for long-term storage and use 211

The use of herbal ingredients in this formulation
offers several advantages, including reduced side
effects, enhanced patient compliance, and
improved oral health outcomes [7l. The
formulation also addresses the growing demand
for natural and sustainable healthcare products,
aligning with global trends in personalized and
preventive medicine (8]

Conclusion

The study demonstrates the potential of herbal
medicated chewing gum as an effective and
convenient treatment for mouth ulcers. The
formulation combines the therapeutic benefits of
herbal oils with the advantages of a chewing gum-
based drug delivery system, providing localized
and sustained relief. Further clinical studies are
warranted to validate its efficacy and safety in
real-world settings.
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ABSTRACT

A UV spectrophotometric method was accomplished for the simultaneous measurement of Pazopanib and
Silymarin in both their combination and pure forms. The development and validation procedure for the method
adhered to ICH requirements, assuring precise and reliable findings. Range and linearity, accuracy, precision,
and durability are among the important factors that are evaluated. Both drugs demonstrated high linearity with
correlation value above 0.99. Precision tests showed minimal intra- and inter-day variation, confirming the
method’s reproducibility. Recovery studies revealed values close to 100%, supporting the accuracy of the
method. A thorough literature review found that no existing method for the simultaneous measurement of
Pazopanib and Silymarin using UV spectrophotometry was reported, highlighting the novelty of this approach.
This UV spectrophotometric approach offers a dependable and efficient solution for the determination of both
drugs in pure forms and pharmaceutical formulation simultaneously, making it suitable for routine quality
control and analytical purposes.
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INTRODUCTION
Pazopanib (PZB) is a small molecule that
functions as a tyrosine Kinase inhibitor.

Primarily, it is used to treat kidney cancer, also
referred as renal cell carcinoma and soft tissue
sarcoma. It exerts by targeting various receptor
such as tyrosine kinase receptors (VEGFR,
PDGFR) and c-kit. Both receptors play significant
roles in tumor cancerous growth, blood vessel
formation (angiogenesis), and advancement of
the tumor, makes it an effective candidate for
targeting tumor growth, angiogenesis, and
metastasis in various types of cancer [1-3l.
Silymarin (SLM) is a flavonoid mixture. primarily
extracted from the seeds of Silybum marinum,
commonly referred to as milk thistle silicristin,
which together offer strong antioxidant, anti-
inflammatory effects.

Additionally, ongoing studies are investigating its
potential benefits in cancer prevention, diabetes
management, and cardiovascular health [5-7]

The analytical technique for PZB, SLM, and their
combination was developed and validated using UV
spectrophotometry in buffer solution with a pH 1.2.
The validation process followed ICH guidelines,
confirming the method’s specificity, linearity, and
stability across the tested pH levels, with pH 1.2
proving to be optimal for all analytical parameters.
The objective of this research is to create and verify
areliable UV spectrophotometric technique
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requirements, including linearity, specificity,
accuracy, and precision, in compliance with
regulatory standards. There is currently no
published UV spectrophotometric method for
measuring PZB and SLM simultaneously in
medication formulation. This work aims to
create and validate a straightforward UV
spectrophotometric  technique for the
simultaneous determination of PZB and SLM in
order to ensure rapid, precise and accurate
analysis in a single formulation.

MATERIALS AND METHODS

Instruments: A Shimadzu UV- 1800- UV
spectrophometer, a digital balance, a pH meter,
an ultrasonicatior, volumetric flasks, and
borosilicate glass pipettes were used for the
proposed analytical method.

Materials and Reagents: Pazopanib (PZB)
and Silymarin (SLM) were purchased from
Dhamtech Pharm., Mumbai and Yucca
chemicals, Mumbai, respectively. Other
chemicals or reagents utilized were of
analytical quality. Distilled water was used in
the preparation of reagent solutions.

Preparation of standard stock solution
and calibration curve of PZB and SLM

The standard stock solutions of PZB and SLM
were obtained by adding 10 mg of each drug in
pH 1.2 buffer solvent, and the final volume was
adjusted to 100 ml of a volumetric flask to get a
solution with concentration of 100pug/ml of PZB
and SLM drug. Working stock solutions of both
drugs was established from prepared stock
solution, in the range of 2-10pg/ml for PZB and
5-25pug/ml for SLM. The absorption maxima
(Amax) were found by scanning a UV
spectrophotometer with a solution containing
10pg/ml, in the 200-400 nm range. A
calibration curves were constructed using
absorbance units on concentration (in pg/ml)
on the X-axis and Y- axis to study the Beer-
Lambert’s Law and regression equation for PZB
and SLM.

Absorbance additive study: Working standard
solutions of each drug and their mixture (1:1)

Bull. Pharm. Res. 2025;15(S2)

were measured for absorbance at certain
wavelengths, namely 262 nm and 286 nm, in order
to provide absorbance additive data. Absorptivity
was determined by measuring the absorbances of
the solutions at the chosen wavelength, which
correspond to the absorption maxima of PZB and
SLM and concentration (g/100ml). Absorptivity
formula was used:

A (1%, 1cm) = Abs/Conc.

Simultaneous method

development

equation

PZB and SLM concentrations are calculated using
simultaneous equation approach, which is based
on their absorbance at two particular wavelengths:
262 nm for PZB and 286 nm for SLM. By applying
the Beer-Lambert law, the absorbance values at
these wavelengths are used to construct a system
of equations that allow for the quantification of
both drugs in a mixture. The concentrations of the
drugs, Cx for PZB and Cy for SLM, can be
determined using the following formulas (Table 2):

Cx = A2ayl — Alay?2 Cy =
ax2ayl — axlay?2

Alax2 — A2ax1
ax2ayl — axlay?2

In the given equations, A1 and A2 represent the
absorbance values measured at wavelengths 262
nm and 286 nm. ax1 and ax2 refer to the molar
absorptivity of PZB at 262 and 286 n, while ay1 and
ay2 are the molar absorptivity of SLM at 262 and
286 nm.

Validation parameters

In compliance with the ICH requirements, the
suggested analytical procedure was validated. In
order to assure the stability and dependability of
the analytical method, this comprised assessments
for linearity, Range, Precision, Sensitivity, Limit of
detection and quantification (LOD and LOQ). [9.10]

Linearity and Range: The various effective
concentrations i.e., 2 to 10pg/ml for PZB, while 5 to
25pg/ml for SLM were assayed as per developed
methods and followed Beer-Lambert’s law.

Precision: The response for both PZB and SLM
was measured three times on the same days
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(with time interval) in order to evaluate
intraday precision. The response was measured
over three days with aim to calculate interday
precision. The results were reported % RSD in
table 6. Ruggedness study was carried out three
times in the lab under various circumstances,
such as utilizing different analyst with the same
equipment (Table 6).

Limit of quantification and detection
(LOQ and LOD): The calibration curve
standards (slop “s” and standard deviation of Y-
intercept response “B”) were used to calculate
the wvalues of limit of detection and
quantification for PZB and SLM. According to
ICH recommendations, these values were
computed using the signal to noise ratio (S/N),
where the LOD is equivalent to S/N ratio of 3.3
and LOQ to an S/N ratio of 10. The following
formulas were employed:

LOD= 3.3* @/S LOQ= 10* @/S

Sensitivity: Sensitivity of drug viz PZB and
SLM were separately determined by sandell’s
sensitivity parameter (ug/cm/0.001
absorbance unit in 1 square cm) to evaluate the
minimum amount of substance which can be
detected or quantified in column of unit cross
section (Table 5).

Accuracy: The standard addition method was
used to determine the accuracy of recovery
investigation at various different levels of 80%,
100%, 120%. The pre-analysed sample solution
of PZB, SLM and standard drug solutions were
added, absorbances were measured at 262 nm
and 286 nm (Amax of PZB and SLM,
respectively), and the percent of drug content
was determined. The % recoveries of the
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mixture were analyzed and % RSD studies were
reported at each concentration level (as shown in
table 7).

RESULT AND DISCUSSION

The UV spectrophotometric approach was
developed and found to be sensitive, accurate,
straightforward, and economical. In compliance
with ICH guidelines, it has been validated (Table 3).
For method development, two absorbance maxima
at 262 nm and 286 nm were chosen, where
Pazopanib (PZB) and Silymarin (SLM) exhibited a
linear relationship between concentration and
absorbance (Figure 1). The concentration ranges
of 2-10pg/ml and 5-25pg/ml had correlation
values (r2) of 0.9958 and 0.9995, respectively
(Table 1 and Figure 2& 3). The concentration of
PZB and SLM from the synthetic mixture were
calculated using simultaneous equation method.
Absorbance was measured at 262 nm (A1) and 286
nm (A2) and molar absorptivity values were
determined at 262 nm (A1) and 286 nm (A2) for the
PZB and SLM, which were 0.059 (ax1), 0.0504
(ax2) and 0.0085 (ayl) and 0.0158 (ay2),
respectively. (Table 2). The regression analysis’s r2
values confirms the linearity of the calibration
curve, with higher r? values indicating improved
precision and confirming that the developed
method shows satisfactory linearity. Moreover, the
%RSD values in all precision study parameters,
which were below 2%, fall within the acceptable
range defined by ICH guidelines (table 4),
indicating the method’s excellent accuracy,
precision, and repeatability/ reproducibility. The
recovery analysis (table 5), which involved adding
PZB and SLM standard solutions, showed no
significant changes in the spectra, further
validating the method’s reliability.

Table 1: Calibration curve absorbance readings

Sr. No. | Conc. PZB Absorbance Conc. SLM Absorbance at 286 nm
(ng/ml) of at 262 nm (ng/ml) of
PZB SLM
1 2 0.122 | 5 0.085
2 4 0.224 | 10 0.158
3 6 0.332 | 15 0.234
4 8 0.467 | 20 0.309
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|5 | 10 | 0.6 ] 25 | 0.376 |

Table 2: Analysis of Laboratory synthetic mixture by the proposed method

Sr. No. | Amount of drug taken for Amount of drug Percent drug estimated
assay (ug/ml) estimated (pug/ml) (%)
Pazopanib Silymarin | Pazopanib | Silymarin | Pazopanib | Silymarin
1 10 10 10.2 9.8 102 98.0
2 10 10 9.91 9.98 99.1 99.8
3 10 10 9.97 10.11 99.7 101.1
4 10 10 10.21 10.1 102.1 101.0
5 10 10 9.98 10.12 99.8 101.2
Mean 100.54 100.22
+SD 1.40 1.36
%RSD 1.39 1.36

Table 3: Validation Parameters for Pazopanib and Silymarin estimation

Parameter Pazopanib HCL Silymarin

Amax 262 nm 286 nm

Linearity Range 2-10 pg/ml 5-25 pg/ml

Linearity equation y =0.06x-0.0107 y =0.0147x + 0.0125

Correlation coefficient (R2) 0.9958 0.9995

Slope 0.06 0.014

Intercept 0.0107 0.0125

Molar Absorptivity (10 pg/ml) | ax1- 0.059 (262 nm) & ax2- ay1- 0.0085 (262 nm) and ay2-

0.0504 (286 nm) 0.0158 (286 nm)

LOD 0.122 pg/ml 0.358 pg/ml

LOQ 0.37 pg/ml 1.03 pg/ml

Sensitivity 6.0*10-6pg/cm2 1.58*10-6pg/cm?2
*0.002217 and 0.001528 are the standard deviation used for LOD and LOQ calculation for PZB and SLM,
respectively.

Table 4: Interday and Intraday Precision

Intraday Precision Interday Precision Different Analyst
% Amount %RSD % Amount %RSD % Amount %RSD
Drug found + SD* found + SD* found + SD*
Pazopanib 99.03 + 0.434 101.65 + 0.926 101.33 0.6 0.597
0.43 0.94
Silymarin 102.61 + 0.636 102.17 + 1.33 102.83 0.518
0.65 1.36 0.53
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Table 5: Recovery Study of Pazopanib and Silymarin

Concentration of the drug | Pazopanib % Recovery 0 Silymarin % o

added to the formulation +SD #RSD Recovery +SD /ORSD
80% 99.33 +0.042 0.472981 99.85 % 0.021 0.117
100% 99.48 + 0.077 0.773563 98.69 £ 0.190 0.961
120% 100.69 + 0.049 0.44855 99.82+0.028 | 0.128

Abs. of PZB Amax 262 _ 56 0.0107

R?=0.9958
0.7
0.6 8
0.5 o 0
_E.' 0.4 o
< 03 R
0.2 L0
0.1 0"
0
0 2 4 6 8 10 12
Conc. (ug/ml)
Fig. 2: Calibration curve of PZB
20 204
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Fig. 1 A) Maximum absorption of Silymarin at 286 nm B) Pazopanib at 262 nm
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Fig. 4: Overlay Spectra of PZB and SLM (Isoabsorptive point at 277 nm)

CONCLUSION

The amounts of Pazopanib and Silymarin were
determined by applying the method’s specific
equations. To assess the method’s performance, the
standard derivations and coefficient of variation
were computed. The method’s accuracy,
consistency, and dependability were demonstrated
by the tiny standard deviations and percentage
RSD values, which were less than 2%. Additional
recovery experiments supported the method’s
reliability and demonstrated its resistance to
interference from common substances. In
conclusion, the method developed is efficient,
precise,

sensitive, and reliable. The results from
analysing a synthetic mixture of both Pazopanib
and Silymarin indicate that this approach is
effective for their simultaneous quantification,
with minimal interference from the usual
excipients found in pharmaceutical products.
The solvents used in the procedure are both
affordable and simple to prepare. As a result,
this method is well- suited for quality control
applications in commercial pharmaceutical
formulations.
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Abstract: -

This study aimed to develop a patient-friendly liquid form of spironolactone oral suspension, especially for
children and older adults who may have difficulty swallowing tablets. The objective was to develop a stable
and effective 25 mg/5 ml formulation using a structured development method called Quality by Design (QbD)
with Design Expert software for optimization. A series of 15 planned experiments was applied to optimize key
formulation factors, specifically xanthan gum and glycerine concentrations. The ideal amounts were
determined as 3.6 mg of xanthan gum and 100 mg of glycerine. The relationship between these ingredients
and outcomes, including drug release (similarity factor f2) and liquid thickness (viscosity), was analyzed. The
optimized formulation was compared with the reference product and marketed tablet through laboratory-
based tests. The use of this design method helped save time and resources compared to testing one factor at a
time, demonstrating its value in creating a reliable and practical suspension for pediatric and geriatric use.

Key words: Spironolactone, Generic, Design of experiment (DOE), Multilevel design, Analytical method
validation.
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MATERIALS AND METHOD:

Materials:

Spironolactone was gifted by Tianjin Jinjin
Pharmaceuticals, China, while citric acid, sodium
citrate, potassium sorbate, and glycerine were
sourced from Brentag Ingredients, Ahmedabad.
Xanthan gum was purchased from CP Kelco,
Mumbai. Sorbic acid was obtained from Finar
Chemicals while Simethicone emulsion from DOW
Pharmaceuticals, US. Banana flavour was procured
from Ferminich, Geneve while Magnasweet 110
from Magnasweet, USA. Sodiumcompliance, and
flexible dosing, with immediate- release
formulations improving bioavailability and efficacy
(2341, In India, liquid spironolactone suspension
provides a stable, ready-to-use alternative with

INTRODUCTION

Spironolactone is a potassium-sparing diuretic
and antihypertensive that blocks aldosterone
receptors, preventing potassium loss and
reducing sodium absorption [1}

Spironolactone treats heart failure (NYHA Class
[II-1V),hypertension, and edema, with doses
ranging from 20-75 mg daily, improving survival
and reducing hospitalizations.

The oral route is preferred for its convenience,

‘This study formulates a stable 25 mg/5 mL
spironolactone suspension using QbD for
improved hyperaldosteronism dosing [7l. A QbD-
based multilevel factorial design successfully

optimized spironolactone suspension for pH,
viscosity, in-vitro study, assay, impurities, and
stability.

easier dosing, reducing microbial contamination
risks from compounded formulations 1. Solid
spironolactone dosage forms are unsuitable for
infants and the elderly in hyperaldosteronism
managemel6]
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saccharine was obtained from JMC Corporation.
Methods:

Preformulation Study:

Organoleptic Properties:

Spironolactone was evaluated for its
organoleptic properties like appearance,

colour and odour by physical
observation.

FTIR Analysis

The IR study of spironolactone was

Bull. Pharm. Res. 2025;15(S2)
conducted using FTIR spectroscopy (FTIR4100,

Jasco) with potassium bromide (KBr) as a blank.
Samples were mixed with KBr (300:1 ratio),

scanned over 400- 4000 cm™*

Spectra Manager software.

, and analyzed using

Drug-Excipients Compatibility (DEC) Study
Drug-excipient compatibility was studied at 37°C
for 30 days, storing spironolactone with excipients
in sealed vials under controlled conditions. A citric
acid-sodium citrate-glycerine base solution was
used, with results summarized in Table 1.

Table 1. Results of Drug Excipients Compatibility Study

Sr. Drug & Drug- Ratio (mg) Initial 40+2°C/75%5 | 60+2°C Open
No. Excipients %RH  Open | exposure
blend exposure Condition (30
Condition days)
(30 days)
| Spironolactone | 50 mg White coloured No change No change
API
I API: Glycerin 50mg:2000 mg | Colorless to white | No change No change
dispersion
I11 API: water 50 mg: 10 ml Colorless to white | No change No change
dispersion
IV APlin glycerin | 50 mg:2000 mg: | Colorless to white | No change No change
and water 10ml dispersion
\Y glycerin and | 50 mg: 10 ml Colorless to white | No change No change
water, pH dispersion
adjusted  with
citric acid and
sodium citrate
dihydrate (base
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solution)

VI APIL: Base | 50mg:10ml: 20 | Colorless to white| No change No change
solution: sorbic | mg dispersion
acid

VII APIL: Base | 50 mg: 10 ml: 60 | Colorless to white | No change No change
solution: mg dispersion
potassium
sorbate

VIII APIL: Base | 50 mg: 10 ml: 20 | Colorless to white No change No change
solution mg : 60 mg dispersion
potassium
sorbate + sorbic
acid

IX APIL: Base | 50 mg: 10 ml : Colorless to white No change No change
solution 180 mg dispersion
simethicone
emulsion

X APIL: Base | 50 mg: 10 ml: Colorless to white No change No change
solution 100 mg dispersion
xanthan gum

XI API: Base | 50 mg: 10 ml: Colorless to white No change No change
solution 500 mg dispersion
Magnasweet

XII APIL: Base | 50 mg: 10 ml: Colorless to white No change No change
solution 250 mg dispersion
sodium
saccharin

XIII APIL: Base | 50 mg: 10 ml: Colorless to white No change No change
solution 250 mg dispersion
banana flavour

X1V Composite 50mg:q.s White colored | No change No change
sample of suspension with
Ingredients banana flavour

Analytical Method Validation 8!
Validation of UV Spectrophotometric Linearity

Method for Estimation of Spironolactone

In the present work UV Spectroscopy was used to
determine the concentration of spironolactone.
Absorbances were recorded on a Shimadzu
UV1800 spectrophotometer at 242 nm using 0.1N
HCI as the solvent.

Preparation of stock solution

A 25 mg spironolactone sample was dissolved in
ethanol, sonicated for 10 minutes, and diluted to
100 ml (250 ppm). From this, 5 ml was further
diluted to 100 ml with 0.1 N HCl (25 ppm) and
used for method validation.

The UV method showed linearity in the 1.25-18.75
ug/ml concentration range by plotting absorbance
vs. concentration.

Accuracy

Accuracy was determined by spiking a 3120 pg/ml
spironolactone stock into 0.1 N HCI at different
levels and analyzing at 242 nm.

Limit of Detection

LOD was calculated as 3.3 (o/S), where o is the
response standard deviation and S is the
calibration curve slope.
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Limit of Quantification

LOQ was calculated as 10 (0/S), where o is the
response standard deviation and S is the
calibration curve slope.

Method of Preparation of Suspension

Water, citric acid, and sodium citrate were mixed
(Mixture A), followed by suspending agents,
sweeteners, and flavoring. Spironolactone was
dispersed in glycerin (Mixture B) and combined
with Mixture A, then simethicone was added. The
pH was adjusted to 4.8, volume set to 100 mL,
homogenized for 30 minutes, and filled into amber
PET bottles (101

Selection of Suspending Agent [11],

Xanthan gum, sodium CMC, and veegum K, all
FDA-approved GRAS excipients, were evaluated
for suspension uniformity in three batches (T1, T2,
T3) formulated per Table 2.

Table 2: Suspension composition prepared
using different suspending agents

Sr. | Name of Ingredients | T1 | T2 | T3

No.

1 Spironolactone 50 |50 5.0
(mg/ml)

2 Citric Acid (mg/ml) 20 |20 |20

3 Sodium Citrate | 4.0 4.0 | 4.0
Dihydrate
(mg/ml)

4 Sorbic Acid | 0.5 0.5 | 0.5
(mg/ml)

5 Potassium Sorbate | 2.0 2.0 | 2.0
(mg/ml)

6 Xanthan Gum | 3.6 - -
(mg/ml)

7 Sodium CMC | - 3.6 |-
(mg/ml)

8 Veegum K|- - 3.6
(mg/ml)

9 Banana  Flavour | 1.0 1.0 | 1.0
(mg/ml)

10 Magnasweet 110 | 5.0 50 | 5.0
(mg/ml)

11 Sodium Saccharin | 1.4 14 | 14
(mg/ml)

Bull. Pharm. Res. 2025;15(S2)

12 Glycerine (mg/ml) | 22.0 22. | 22.0
0
13 Simethicone 2.0 2.0 |20
Emulsion (mg/ml)
14 Purified Water 100 10 | 100
ml 0 ml
ml

Selection of suspending agent

Batches T1, T2, and T3 were assessed for
sedimentation volume to determine the optimal
suspending agent, which was then used for further
formulation [121,

Design of Experiments

A multilevel factorial design in Design Expert
(version 11) was used to develop a spironolactone
suspension, evaluating dissolution and viscosity.
Fifteen formulations with xanthan gum (2.4-7.2
mg) and glycerine (50-150 mg) were tested, and
the optimized batch was compared with the
reference product and tablet formulations.

Evaluation Parameters:

pH

Each formulation batch was analyzed for pH level
using the Thermo Scientific pH meter.

Viscosity

The viscosity of all formulation batches was
determined by Brookfield Viscometer by using
spindle LV3 at 10 rpm.

In-vitro drug release or dissolution
The in-vitro study of drug release was conducted
using USP Type Il apparatus in 0.1 N HC],
measuring samples at 242 nm for the
determination of the similarity factor, f2.

Assay

The assay of the optimized batch was determined
by UV-Spectroscopy at 242 nm using a 70:30
water-acetonitrile solvent and compared with the
standard drug solution.

Related Substances (RS)

The RS impurities in the optimized batch were
determined by using the Thermo SCIENTIFIC
UltiMate3000 UHPLC, C18 (Waters X-Bridge),
Photo Diode Array detector and Chromeleon 6.8
software. The solvent system water: acetonitrile
(70 : 30) was used. The conditions used were
buffer made of 0.05M ammonium acetate and high
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performance liquid chromatography (HPLC) grade
methanol in a proportion of 1:1. The temperature
for both the column and the sample during the
experiment was maintained at 25 degrees Celsius
and 45 degrees Celsius, respectively. The
chromatography was performed in an isocratic
run for a total of 40 min at a flow rate of 0.9
ml/min. The detection wavelength was 254 nm,
while the injection volume was 10 pl.

Standard preparation: To a 50 ml volumetric flask,
transfer 28.62 mg of spironolactone accurately
weighed into it, and add some solvent system to as
solvent to dissolve and sonicate. The vials after
sonication were allowed to cool room temperature
and the volume made up to the mark with solvent
system and mixed well. From here, 5 ml was
further diluted into a volumetric flask of 50 ml up
to the mark with solvent: another dilution into a
volumetric flask of 100 ml with 5 ml up to the
mark with solvent and mixed well.

Sampling  Preparation: We took 7.0 g
spironolactone oral suspension on a precise scale
and transferred to a 25 ml volumetric flask. An
appropriate solvent was added and sonicated for
30 min to facilitate dissolution, cooling to room
temperature, and then made up to volume with
diluent. The solution was then filtered through a
0.45 pm filter. A placebo was prepared the same
way.

Accelerated stability study

Optimized suspension batches were packed in
amber PET bottles and subjected to accelerated
stability testing at 40°C/75% RH for three months
to monitor the changes in appearance, potency,
pH, viscosity, assay, dissolution, and related
substances over time at the expiration of solvent
concentrations.

RESULTS AND DISCUSSION

Preformulation studies

Preformulation studies are essential in the
development of a dosage form, as they evaluate
the physicochemical characteristics of a drug that
affect its overall effectiveness and performance.

Organoleptic Properties

According to USP specifications, the drug appears
as a white to yellowish-white crystalline powder
with a faint mercaptan-like odor. It is non-
hygroscopic, practically insoluble in water, but
soluble in ethanol.

Bull. Pharm. Res. 2025;15(S2)

FTIR Analysis

The IR spectrum of spironolactone matched the
reference  standard per the  European
Pharmacopoeia, with key absorption peaks

observed at 1766 cm™" (lactone C=0), 2954 cm™
and 2891 cm™ (aliphatic C-H), 1691 cm™
(thioester C=0), 1678 cm™ (a, B-unsaturated
C=0),and 1617 cm™* (aromatic C=C).

) S -
ety 0

300 2000

Figure 1. FTIR spectra of the test sample

Drug-Excipients Compatibility Study

The Drug-excipient compatibility was assessed
using physical analysis at 25+2°C/60+5%RH and
40°C/75%RH for 30 days, which showed no
significant change in appearance. Excipients were
selected on the basis of previous successful
formulation and then optimized in further studies.

Analytical Method Validation

The analytical method for its validation as per ICH
Q2B protocol by UV at a wavelength of 242 nm in
0.1 N HCl exhibited linearity (R* = 0.999) in a
concentration range of 1.25-18.75 pg/mL, with the
percentage recovery calculated as 100.6-102.03%.
The method was duly proven to be accurate for
the determination of spironolactone with values
for LOD (4.69 pg/mL) and LOQ (14.22 pg/mL).

1

05 1

y=0.005x- 0.004
0 - R*=0999
0 100 200
Concentrahon

Absorbance

Figure 2. Linearity curve of UV
Spectroscopic method for analysis of
spironolactone

Selection of suspending agent
Xanthan gum, sodium CMC(, and veegum K, FDA-
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approved GRAS excipients, were evaluated for
sedimentation volume. Xanthan gum was selected as
the suspending agent due to no sedimentation,
forming a protective film, reducing interparticle
attraction, and increasing viscosity per Stoke’s law

[9].

Design of Experiments

A multilevel factorial design assessed xanthan gum
and glycerine impact on f2 and viscosity using a
‘2FI’ model with 15 runs to analyze individual and
interactive effects. The similarity factor (f,) is a
logarithmic function used to compare the in-vitro
dissolution profiles of testand reference
formulations. A value between 50 and 100
suggests that the two profiles are similar, with
higher values indicating more similarity.
Following the US FDA acceptable range of 50-100,
it is calculated by the following formula: F2=
50-log{[1+(1/n) Y =1" (Re- T¢)?]-05-100}
Understanding the interaction between variables
such as xanthan gum and glycerine is crucial.
Interactions imply that the effect of one factor on
the response depends on the level of another
factor, meaning these formulation components do
not act independently but influence each other’s
impact on drug release and viscosity. This insight
allows for more robust and predictive formulation
development.

Design Evaluation

The ‘2FI' mixture design identified key factor
interactions using various plots, including half-
normal, residual, interaction, contour, and 3D
surface plots to analyze effects.

Experimental Results of DOE batches for
Response 1(f2)

The half-normal plot Figure 3.(A) shows xanthan
gum significantly impacts 2, while the normal plot
(B) confirms no abnormalities. Residual vs.
predicted (C) and residual vs. run (D) plots
indicate no abnormal scattering. The interaction
plot (E) shows no interaction between factors A
and B. The contour plot (F) reveals that increasing
xanthan gum and glycerine reduces f2 due to
thickening, lowering dissolution. The 3D view (G)
provides a macro-level perspective of factorial
effects. The Model F-value of 7.10 (P < 0.0500)
confirms significance, with a 0.72% probability of
occurring due to noise. Adequate Precision (8.533)
confirms a strong signal, making the model
suitable for design space navigation.

Bull. Pharm. Res. 2025;15(S2)

The model equation in terms of coded form for
response 1 similarity factor f2 is:
f2=+46.72+8.35A1+14.88A,+1.27A39.38A4+5.05B;
+3.58B;

High levels of the factors are represented as +1,
while low levels are denoted as -1. This coded
equation helps in determining the relative
influence of each factor by comparing their
respective coefficients.

= ]
- _“p"
h!-
(A) (B)
: [';/1. ! : '
g =
// T
(9] (D)

(B) 1 (P

(G)

Figure 3. Experimental Results of DOE batches
for Response 1(f2)

(A): Half-normal plot of the formulation

variables effects on f2; (B): Normal plot of the

Residuals of the formulation variables effects on

f2; (C): Residual Vs Predicted plot of the effects
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on f2; (D): Residual Vs Predicted plot of the effects
on f2; (E): Interaction Plot for formulation
variables effects on f2; (F): Contour

Plot for f2; (G): 3D surface plot for f2.

Experimental results of DOE batches for
Response 2 Viscosity

The half-normal plot Figure 4.(A) suggests that
Xanthan gum significantly increases viscosity. The
normal plot of residuals (B) shows no
abnormalities, while residual vs. predicted (C) and
residual vs. run (D) plots confirm no abnormal
effects. The interaction plot (E) indicates no
interaction between factors A and B. The contour
plot (F) and 3D view (G) reveal that increasing
xanthan gum and glycerine raises viscosity. The
Model F-value of 2025.25 (P < 0.0500) confirms
significance, with Predicted R®* (0.9977) and
Adjusted R? (0.9988) indicating a strong model fit.
Adequate Precision (120.558) confirms a strong
signal for design space navigation. The model
equation in terms of coded form for response
viscosity is:

Viscosity =  +2296.80-1780.80A1-1068.80A;-
172.80A3+959.20A4-76.80B1+0.8000B;

{alf-Normal Plot Hall Narmal Plot

Figure 4. Experimental results of DOE

batches for Response 2, Viscosity
(A) : Half-normal plot of the formulation variables
effects on Viscosity; (B): Normal plot of Residuals

Bull. Pharm. Res. 2025;15(S2)

for the formulation variables effects on viscosity;
(C): Residuals vs predicted plot for the
formulation variables effects on viscosity; (D):
Residuals vs Run plot for formulation variables
effects on viscosity; (E): Interaction plot for
formulation variables effects on viscosity; (F):
Contour plot for formulation variables effects on
viscosity; (G): Figure 3D Surface plot for viscosity

Optimized batch

From the results of DOE, F1 batch was selected as
the optimized batch. This batch shows similarity
factor in acceptable range and viscosity is also
similar to reference product.

Characterization of Optimized Batch and
Reference Product

The optimized batch and reference product were
characterized for appearance, pH, viscosity,
dissolution, similarity factor, assay and related
substances.

Comparative  Dissolution Study of
Marketed Tablet Formulations and
Reference Product with Optimized Test
Product

The reference product and marketed tablet
formulation (Aldactone) was compared with
optimized batch for dissolution rate which
indicated that optimized batch have maximum
dissolution rate than marketed tablet formulation
and same as reference product as per figure 5.

® ©

S

% Cumnlative Drug Release
o -3

0 20 40 60 80
Time Points (min)

—+—Optimized Supmson  —8—Carospic Aldactcne

Figure 5. Comparative Dissolution of
marketed products with the optimized test
product

Accelerated Stability Study

The accelerated stability study was carried out for
3 months at 40°C * 22C / 75%RH % 5%, in
accordance with ICH and WHO guidelines, as
presented in Table 3. Evaluation at each time
interval demonstrated that the formulation
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remained stable under these conditions

throughout the study period.

Table 3: Evaluation of Accelerated Stability

Study

Parame | Initial | 402C/75%RH

ters 1M ZM 3M

Appeara | White White White White

nce banana | banana | banana | banana
flavour | flavour | flavour | flavour
ed ed ed ed
suspens | suspens | suspens | suspens
ion ion ion ion

pH 4.72 4.62 4.8 4.81

Viscosity | 1212 cP | 1205 cP | 1215 cP | 1220 cP

Dissoluti | 101% | 97 % 96 % 97 %

on at 1hr

Assay 99.7 % | 100.1 103.5 103.5
% % %

Related

Substanc

e

Impurity | 0.09% |[015% |019% | 0.17%

A

Impurity | ND ND ND ND

B

Impurity | 0.07% | 0.07% | 0.04% | 0.04%

C

Impurity | ND ND ND ND

D

Impurity | 0.03% | 0.05% | ND 0.03 %

|

Single maximum | 0.02 | 0.03 | 0.03 | 0.01
unknown % % % %

Total Impurity 025 [03% |0.26 |0.25
% % %

CONCLUSION

Spironolactone Oral Suspension provides a
competitive advantage by enhancing efficacy and
preventing imitation. It is designed for rapid drug
release, achieving high serum concentration
quickly. Formulation F1, optimized using Quality
by Design Software, was identified as the best
formulation. Xanthan gum (3.6 mg) and glycerin

Bull. Pharm. Res. 2025;15(S2)

(100 mg) were used as suspending and dispersing
agents based on viscosity and release
characteristics (f2). The formulation exhibited a
release pattern similar to Carospir and showed a
faster release than Aldactone tablets. Thus, it
meets all the criteria for an effective immediate-
release formulation.
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ABSTRACT:

Objective: The study was aimed to evaluate the anthelmintic activity of the ethanolic extracts and
acid and base fractions of Fragaria ananassa (Strawberry) plant and Lactuca sativa (Lettuce)
against Pheretima posthuma (Indian earthworm).Methods: A preliminary phytochemical analysis
was performed to assess the presence of secondary metabolites. The ethanolic extracts were
prepared and labelled as crude extracts. A differential pH extraction was performed to isolate
essential compounds. The ethanolic extracts and the fractions obtained were tested for
anthelmintic activity against Pheretima posthuma using albendazole as standard control.Result:
There was no death in the normal saline-treated group. Treatment with standard showed paralysis
and death of worms. The crude extract, as well as fractions of Fragaria ananassa, showed a reduction
in paralysis and death time. However, the effects showed at pH 11 were parallel to the Albendazole
standard. Lactuca sativa also showed a decrease in the time of paralysis and death with potent
effects at 40 mg/ml; however, as compared to pH fractions, crude extract was found to be more
powerful.Conclusion: Fragaria ananassa and Lactuca sativa can be used as potential herbal
remedies for the treatment of helminth infections.
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Introduction
Helminthiasis, also known as worm
infections, are one of the most predominant

of worm; it may include ingesting eggs or
hatchlings, or by vector’s bite.ltl It is
observed that there is a progressive rise in

diseases in both humans as well as animals.
Helminths are parasitic worms. Grown-up
worms live in the digestive tract, creating
thousands of eggs daily. These eggs pollute
the soil in regions like towns that need
satisfactory sanitation. Soil-transmitted
helminths are transmitted by eggs that are
passed into the faeces of infected individuals.
The transmission mode alters with the type

the spread of this disease and, indeed,
mortality to a few degrees. These
contaminations contribute to the
predominance of ailing health, frailty,
eosinophilia, and pneumonia. The most
common helminthiases are those caused by
diseases with intestinal helminths,
ascariasis, trichuriasis and hookworms,
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followed by schistosomiasis and lymphatic
filariasis.

There is a group of antiparasitic drugs that
expel parasitic worms and other intestinal
parasites out of the body under Kkilling the
parasites without harming the host, which
are known as anthelmintics or anti-
helminthics. [2I Anthelmintics are classified
as vermicides. These anthelmintics are
utilised for the treatment of helminthiasis in
humans as well as infected animals.
Resistance to these drugs has ended up as a
significant issue with chemotherapeutic
specialists' utilisation of this lesson. Hence,
this is an immense issue in the treatment of
helminthiasis.

Furthermore, helminthiasis can also be
treated by various polyherbal medications or
formulations. These formulations can be
safely used to treat this kind of infection.
Herbal medicines are not only safe but also
effective as compared to allopathy
medicines. These polyphenolic compounds
are also rich in flavonoids, which exhibit
various biological activities such as
hepatotoxic, anti-ulcer, anti-tumour, anti-
thrombogenic, anti-osteoporotic, anti-viral,
anti-fungal and anti-bacterial activities. (3-10)
In this view, an attempt has been made to
study and evaluate the anthelmintic
potential of Fragaria ananassa and Lactuca
sativa.

Lactuca sativa is a member of the
Compositae (Asteraceae) family. The seeds
are used for relieving inflammation and
osteodynia, in folk medicine of Iran. (1)
Lactuca is utilised in traditional medicine
and is considered a vital source of
phytochemicals. Its antibacterial, analgesic,
reactions and the development of resistance
of the parasites against the drug necessitates
the discovery of new drugs for the treatment
of helminth diseases. This infection can also
be treated by various herbal formulations.

Bull. Pharm. Res. 2025;15(S2)

sedative, antioxidant, and neuroprotective
properties are well-known. [12-1]

Fragaria ananassa belongs to the family
Rosaceae. It can be an astringent,
antimicrobial, antioxidant, and anti-
inflammatory agent.

(17-20) The leaves and fruit are considered to
treat urinary tract disorders, rheumatism
and gout. 21-23]

Phenolic compounds present in fresh
strawberry fruit (Fragaria ananassa) are
ellagic acid, flavonols, ellagitannin, vitamin k,
anthocyanins, proanthocyanins, vitamin C,
potassium, calcium, etc.29 One of the most
widely consumed vegetables in the world,
lettuce (Lactuca sativa L.) is said to be a good
source of nutrients that are good human
health, including carotenoids, polyphenols,
vitamin C, arginine, and folates. Plants'
antioxidant action is attributed to phenolic
chemicals.

Albendazole is used as a standard control in
the study. Degenerative alterations are
caused by binding to the b-tubulin's
colchicine-sensitive region, which disrupts
microtubule assembly and prevents
polymerization. (25 [t inhibits nutritional &
glucose uptake.(26) The disadvantages of this
drug are its adverse reactions, like
abdominal pain, nausea, vomiting, diarrhea,
headache, dizziness, and vertigo.(2?)
Albendazole is a broad- spectrum antibiotic
and is useful against some protozoa.(2® It can
also produce mild to moderate elevation of
hepatic transaminases and hepatotoxicity in
rare cases.(29

These adverse

Herbal remedies can be used as safe and
effective alternative remedies due to
resistance to these drugs has become a major
concern.

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date:
10-12, March 2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44

186



Kore et al

Bull. Pharm. Res. 2025;15(S2)

0
5
HO

Ha @ 7N o

o
0

Zz | BN
PRGN oy

H
A
’\//'I
Ko

A

J,}— -0 oH
Ellagic Acid Flavonols Anthocyanins
OH
[ S A ? L/Y A [

HO

Folic acid

Arginine

Vitamin C

Fig.1 Phytocompounds from Fragaria
ananassa and Lactuca sativa

Material and methods

Plant material

The strawberry plant was collected from
strawberry farmer, agricultural association
in Thergaon, Pimpri-Chinchwad,
Maharashtra. Another Lettuce plant was
collected from Grow fresh Hydroponics LLP,
Pimpri-Chinchwad, Maharashtra.

Reagents and chemicals

All chemicals were of analytical grade (Ana
lab fine chemicals-Mumbai, Merck life
science private limited). Ethanol used for the
preparation of extracts, which was of high-
performance liquid chromatography (HPLC)
grade (Research lab fine chemicals
industries, Mumbai)

Preparation of the extracts

The leaves of both plants were dried and
ground in mixer grinder to coarse powder.
Coarse powder was poured into a beaker,
and ethanol was added until all powder was
soaked. It was then stirred with magnetic
stirrer for 1-hour at room temperature. The
extracts were then filtered through muslin
cloth and then again through the filter paper
for clear solution. Solvent was eliminated
using a rotary evaporator to obtain
the crude extracts.

Quantitative estimation of total phenolic
constituents (TPC)

Total phenolic content of strawberry and
lettuce extract was determined as described
in Folin-Ciocalteu method. Gallic acid was
utilized as a standard phenolic compound.
Gallic acid solutions in  different
concentrations will be prepared as (10- 100
ug/ml) in methanol. Methanolic solutions of
the test sample of each extract were
prepared (100 pg/ml) or solvent of near
about similar polarity. 0.5 ml of graded
concentrations of gallic acid/test sample
were mixed in 2 ml of Folin-Ciocalteu reagent
followed by 4 ml sodium carbonate solution.
The reaction mixture was incubated after
that at room temperature and was allowed to
stand for 30 minutes with shaking at specific
time intervals. The absorbance was taken at
650 nm by keeping methanol as a blank
sample. Standard curve of gallic acid was
taken at different concentrations to find the
regression line. The TPC of the extract was
obtained from the -calibration curve of
standard gallic acid and expressed as mg/g
or pg/mg gallic acid equivalent (GAE) 30).

Quantitative estimation of  total
flavonoids constituents (TFC)
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The total flavonoid content was determined
by UV-spectroscopy method. Rutin solution
was utilized as standard in different
concentrations (10- 100ug/ml) in ethanol.
Calibration curve of rutin was taken as a
standard. Ethanolic samples of extract were
prepared (100pug/ml). 0.5 ml of diluted
samples were mixed in 2 ml distilled water
followed by addition of 0.15 ml NaNO;
solution. After the period of 6 minutes, 0.15
ml of AlCI; solution was added and allowed
to stand for another 6 minutes. 2ml NaOH
solution added to the above mixture and kept
undisturbed for 15 minutes. The absorbance
was measured at 510 nm with water as blank
using ultraviolet spectrophotometer. The
absorbance of extract was measured by the
regression line of standard curve of rutin.
TFC is expressed as value of rutin equivalent
(RE) mg RE/g extract.[31]

pH differential extraction:

To isolate the alkaloids, 4gm crude extracts
were firstly treated with dil. HCl and heated
in water bath at 60°C to dissolve the solid
particles. The solution was filtered and
extracted with CHCIs. By this extraction the
organic and aqueous phases were separated.
The process was repeated three times.
Organic fractions were collected and treated
with anhydrous Na;SOs. This sodium
sulphate is used to dry or reduce moisture
from organic fractions. The solvent was
evaporated using an oven. This fraction was
labeled as the acid fraction. The alkalinity of
the remaining aqueous fraction was taken to
pH 8 by treating with 20% NaOH and again
extracted with CHCl; as same as previous
extraction. Alkaline aqueous phase was
taken to pH 11 with 20% NaOH and
extracted with CHCl; three times. Now these
two acid and base fractions are labeled as pH
8 and pH 11 fractions respectively. Acid and
base fractions were dried. The latest
procedure was performed for isolating
compounds of different strengths as base. 3]
Collection of earthworms

The Indian earthworm Pheretima Posthuma
(Annelida) of approximately 8cm was
collected from College of Agriculture,
Shivajinagar, Pune and manufacturing plant
at post Jalna. The adhering dirt and soil were
removed by cleaning the worms with clean
tap water.

Bull. Pharm. Res. 2025;15(S2)

Evaluation of anthelmintic activity
The anthelmintic evaluation was performed
using Indian  earthworm  Pheretima
Posthuma. The earthworms were procured
from College of Agriculture, Shivajinagar,
located in Pune and manufacturing plant at
post Jalna. To perform the assay, the crude
extracts, and the fractions (acid and base) of
both plants were weighed and dissolved in
sterile saline with 5% of dimethyl sulfoxide
to obtain 10, 20 and 40 mg/ml
concentrations for the crude extracts and
1mg/ ml concentrations for the acid
fractions and for both basic fractions of every
plant. Albendazole was used as standard
control at 10mg/ml for the analysis of the
crude extracts and at 1mg/ml for the test of
the fractions. Three worms of approximately
the same size which are previously washed
with sterile saline to eliminate dirt and other
residues were placed in petri plates and
contacted with solutions of the crude
extracts and the acid and basic fractions. The
procedure was carried out for crude extract
at all three doses, fractions at 1mg/ml and
standard drug. The paralysis and death time
was recorded. The earthworms were
considered dead if they showed no
movement, even when they were shaken
vigorously, and their color faded. They
shrank and did not regain their mobility
when they were placed in sterile saline for at
least 1 hour. 33)
Statistical Analysis:
The data was analyzed by one way ANOVA
Tukey’s multiple comparison test using
Graph Pad Prism software version 6.0.
P<0.05 was considered statistically
significant.
Results:
A) Percentage yield:

The percentage yield of crude Fragaria

ananassa leaves powder was found to be

13gm, and percentage yield of Lactuca

sativa leaves powder was found to be 10

gm.
B) Total Phenolic Content and Total

Flavonoid Content:

Total Phenolic Content:
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Extract

Total Phenolic content mg GAE /g extract

Fragaria ananassa (Ethanolic extract)

16.03

Lactuca sativa (Ethanolic extract)

9.74

Total Flavonoid Content:

Phytochemical screening of Fragaria

Extract

Total Flavonoid content mg QE/g extract

Fragaria ananassa (Ethanolic extract)

10.35

Lactuca sativa (Ethanolic extract) 7.06
ananassa
C) Preliminary Phytochemical
screening:

Secondary metabolites

Fragaria ananassa

Flavonoids +
Saponins +
Alkaloids +

Phytochemical screening of Fragaria ananassa

Secondary metabolites

Lactuca sativa

Flavonoids +
Saponins +
Alkaloids +
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Fragaria ananassa crude extract
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Anthelmintic activity of Crude extract and
fractions of Fragaria AnanassaThe data
was analysed by one way ANOVA followed by
Tukey’s post-test (n=3). *<0.01, **<0.05,
*#%¥<0.001 were considered as levels of
significance. (a) Paralysis time of crude
extract (b) Death time of crude extract (c)
Paralysis time of different fractions (d) Death
time of different fractions.

Anthelmintic activity of crude extract of
Fragaria ananassa

Treatment with the crude extract of
10mg/kg concentration showed significant
(p<0.001) increase in the paralysis time to
38.33+2.02. The increase was found to be
310%. Treatment with the crude extract of
20mg/kg concentration showed significant
(p<0.01) increase in the paralysis time to
27.33+2.60. The increase was found to be
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Fragaria ananassa Crude extract
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192%. Treatment with the crude extract of
40mg/kg concentration showed significant
(p<0.05) increase in the paralysis time to
8.66+1.76. The increase was found to be
7.13%. Treatment with the crude extract of
10mg/kg concentration showed significant
(p<0.001) increase in the death time to
50.67+2.96. The increase was found to be
591%. Treatment with crude extract of
20mg/kg concentration showed significant
(p<0.01) increase in the death time to
35.67+2.02. The increase was found to be
386%. Treatment with crude extract of
40mg/kg concentration showed significant
(p<0.05) increase in the death time to
11.3+1.76. The increase was found to be
54.5%.

Anthelmintic activity of acid and basic
fractions of Fragaria ananassa
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There was no paralysis and death time in the
saline treated group. Treatment with the
standard drug Albendazole (1mg/ml)
showed paralysis time as 5.00+1.00 minutes.
Treatment with acid fraction showed non-
significant increase in the paralysis time. The
increase was found to be 47.04% as
compared to the standard group. Treatment
with fraction (pH 8) showed significant
(p<0.001) increase in the paralysis time to
48.67+3.283 minutes and the increase was
found to be 758%. Treatment with fraction
(pH 11) showed non-significant increase in
the paralysis time to 6.00+0.57 minutes. The
increase was found to be 5.87%. Treatment
with acid fraction showed non-significant
increase in the death time. The increase was
found to be 105% as compared to the
standard group. Treatment with fraction (pH
8) showed significant (p<0.001) increase in
the death time to 44.00+5.03 and the
increase was found to be 676%. Treatment
with fraction (pH 11) showed non-
significant increase in the death time to
8.00+0.57 minutes. The increase was found
to be 41.1%.

Anthelmintic activity of Crude extract and
fractions of Lactuca Sativa:

Lactuca sativa Crude extract Lactuca sativa Crude extract
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The data was analysed by one way ANOVA
followed by Tukey’s post-test (n=3). ¥<0.01,
**<0.05, ***<0.001 were considered as
levels of significance. (a) Paralysis time of
crude extract (b) Death time of crude
extract (c) Paralysis time of different
fractions (d) Death time of different
fractions.

Anthelmintic activity of crude extract of
Lactuca sativa

Treatment with the crude extract of
10mg/kg concentration showed significant
(p<0.001) increase in the paralysis time to
42.00+4.58. The increase was found to be
500%. Treatment with crude extract of
20mg/kg concentration showed significant
(p<0.01) increase in the paralysis time to
24.33+1.85. The increase was found to be
247%. Treatment with crude extract of
40mg/kg concentration showed significant
(p<0.05) increase in the paralysis time to
13.33+3.71. The increase was found to be
90.42%. Treatment with the crude extract of
10mg/kg concentration showed significant
(p<0.001) increase in the death time to
50.00+£2.08. The increase was found to be
614%. Treatment with crude extract of
20mg/kg concentration showed significant
(p<0.01) increase in the death time to
26.33+2.18. The increase was found to be
276%. Treatment with crude extract of
40mg/kg concentration showed significant
(p<0.05) increase in the death time to
14.33+£3.71. The increase was found to be
104

Anthelmintic activity of acid and basic
fractions of Lactuca sativa

Treatment with acid fraction showed non-
significant increase in the paralysis time. The
increase was found to be 9.52% as compared
to the standard group. Treatment with
fraction (pH 8) showed significant (p<0.05)
increase in the paralysis time to 27.33+1.20
minutes and the increase was found to be
290%. Treatment with fraction (pH 11)
showed significant (p<0.01) increase in the
paralysis time to 55.00+1.15 minutes. The
increase was found to be 685%. Treatment
with acid fraction showed significant (0.05)
increase in the death time. The increase was
found to be 174% as compared to the
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standard group. Treatment with fraction (pH
8) showed significant (p<0.001) increase in
the death time to 49.67+3.84 and the
increase was found to be 548%. Treatment
with fraction (pH 11) showed significant
(0.01) increase in the death time to
39.00+3.21 minutes. The increase was found
to be 409%

Discussion:

The presence of flavonoids, alkaloids,
saponins was confirmed through the
phytochemical analysis of Fragaria Ananassa
and Lactuca Sativa. Initially Lactuca Sativa
has reported pharmacological activities that
are antibacterial, analgesic, sedative,
antioxidant, and neuroprotective activities.
In the assay performed, it was observed that,
the acid fraction of Lactuca Sativa was more
potent than the basic fractions (pH 8 and pH
11). It can be due to the solubility of
phytocompounds are probably of acid
nature. Lactuca Sativa As per the literature
survey, Fragaria Ananassa show astringent,
antimicrobial, antioxidant, and anti-
inflammatory activity. And here in the assay
it was observed that basic fraction of pH 11
was more potent than other fractions
showing the presence of base soluble active
phytocompounds. These plant extracts
includes various compounds that can be
responsible for the activity like lignans(34),
flavonoids®5), phenylpropanoids 36), etc. The
drug may be further explored for its
phytochemical profile to identify the active
constituent responsible for anthelmintic
activity.
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ABSTRACT

Fungal infections, particularly tinea infections, pose significant dermatological challenges, often
requiring prolonged treatment with systemic antifungal drugs. The present study aims to
develop a polyherbal transdermal patch for the localized treatment of fungal infections,
minimizing systemic toxicity and drug resistance. The formulation incorporates garlic oil, neem
oil, menthol oil, camphor oil, and aloe vera pulp, leveraging their antimicrobial, anti-
inflammatory, and healing properties. The transdermal patch was prepared using the solvent
casting method, incorporating optimized concentrations of herbal extracts. Antimicrobial
activity against Candida albicans and Tinea cruris was evaluated using the zone of inhibition
method. The study identified an optimal oil ratio (garlic: camphor: neem at 1:3:1),
demonstrating maximum antifungal activity. The prepared patches exhibited suitable
mechanical strength, folding endurance, viscosity, and pH stability. In vitro diffusion studies
confirmed a sustained drug release profile over eight hours, reinforcing its efficacy for
prolonged dermal application. This polyherbal transdermal patch presents a promising
alternative to conventional antifungal treatments, potentially reducing the dependency on oral
antifungal drugs while providing localized, effective, and patient-friendly therapy for fungal
infections.

Keywords: Polyherbal transdermal patch, Localized antifungal treatment, Anti-microbial
activity, Sustained drug release, Tinea cruris, Candida albicans.
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INTRODUCTION:

Different types of fungi can cause fungal
infections. In some cases, fungi that aren’t
typically found on or inside your body but
can colonize it and cause an infection [1I. In
other cases, fungi that are normally present
on or inside your body and can multiply out
of control and cause an infection. Fungal
infections can be contagious. They can
spread from one person to another. In some
cases, you can also catch disease-causing
fungi from infected animals or contaminated
soil or surfaces 2] Tinea is the name of a
group of diseases caused by a fungus. Tinea
infections are the infection on the scalp,
arms, legs, face, and trunk is characterized by
ring-shaped, red, scaly patches with clearing
centers. Types of tinea include ringworm,
athlete's foot and jock itch. These infections
are usually not serious, but they can be
uncomfortable. Over-the-counter creams and
powders will get rid of many tinea infections,
particularly athlete's foot and jock itch (31
Conventional treatment of fungal infections
involves chronic treatment with oral
antifungal drugs. However, the expected
antifungal effect is desired on superficial
dermal layers. Though Systemic antifungal
drugs are better absorbed in skin, they are
facing the challenges with drug resistance if
single dose is missed. Clinically, the duration
of treatment is not less than 60-days. Some
physicians also prescribe antihistaminic
drugs as a combination therapy [4l. However,
sudden withdrawal of antihistaminic drugs
shows severe skin reactions.

Considering the above drawbacks, an
attempt has been made to formulate the
polyherbal transdermal patch with localized
action by reducing the systemic toxicity and
cumulative effects 51. Garlic Oil acts as anti-
fungal [¢], neem oil has anti-microbial 171 and
anti-inflammatory activity, menthol oil has
broad spectrum of antimicrobial activity [8],
camphor oil acts as anti-itching as well as
anti-irritant 1 and aloe vera pulp has
smoothening, anti-rash, hyper pigmentation,
healing properties [10],

Advantages of the present invention:
a. The transdermal patch in the present
invention reduces the high oral antibiotic
load.

Bull. Pharm. Res. 2025;15(S2)

b. The transdermal patch also reduces the
dependency on oral antibiotics and the side
effects associated with it.

c. The transdermal patch prevents easy spread
of infections to other areas due to severe
itching.

d. It shortens the duration of treatment.

The objective of the work was to formulate the
polyherbal transdermal patch for treating
fungal infections like tinea infection with
localized effect, reduced systemic toxicity and
preventing spread of infection to other body
parts caused due to severe itching.

MATERIALS AND METHOD

Materials:

Neem oil, Camphor oil and Peppermint oil was
obtained from Dr. Jain's, Neeta Herbal,
Bhiwandi. Garlic powder was obtained from
Alka ayurvedic pharmacy, Aloe Vera pulp was
obtained from Kapiva, Matxin labs. From the
above oils, those which shows maximum
antimicrobial activity are selected for the
formulation of films.

Methods:
A. Selection of oils and its concentration
based on Anti-microbial activity against
Candida albicans:
1. Antimicrobial activity for oil
Sabouraud dextrose agar (16.5g) was taken and
dissolved in 250ml of water. The agar media
and all the materials were sterilized in an
autoclave for half an hour. The floor was
cleaned properly by using ethanol, and the
antimicrobial activity was performed in a sterile
area.The agar media was poured into petri
plates and allowed to cool and solidify. On the
surface of the agar plates, a Candida albicans
suspension was spread using a spreader.
Finally, the neem oil, camphor oil and
suspension of garlic powder was added to the
bore, and it was incubated for 24h.
Optimization of concentrations of oils:
The same procedure was followed for
optimizing the concentrations of oils as we
performed for the selection of oils (Table 1).
Table 1: Different proportions of oils for
antimicrobial activity
Batch Ratio
(Garlic: Camphor: Neem)

F1 1:1:0.5
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F2 2:2:1
F3 2:1:1
F4 1:3:1
B. Preparation and evaluation of Emulsion

The preparation of an emulsion using the bottle
method involve ml of Neem Oil, and 1 ml of
filtered Garlic extract (500 mg garlic powder was
solubilized in 10 ml of ethanol) were mixed
together along with Tween 80 (15% w/v) and
Span 60 (2.5% w/v) as an emulsifier. The aqueous
phase was added to the above solution to make up
the volume to 10 mL. The emulsion was prepared
using the bottle method, which was suitable for
volatile oilss the following steps:
Three ml of Camphor Oil, 1ml of Neem Oil, and
Iml of filtered Garlic extract (500 mg garlic
powder was solubilized in 10ml of ethanol) were
mixed along with tween 80 (15% w/v) and Span
60 (2.5% w/v) as an emulsifier. The aqueous
phase was added to the above solution to make up
the volume to 10ml. The emulsion was prepared
using the bottle method suitable for volatile oil.
Evaluation parameters for emulsion:

1. Optical properties:
Optical properties such as color, opacity, gloss
were observed visually.
2. Viscosity:
Brookfield viscometer at 30°C with a CPE61
spindle at 30 rpm was used to measure
viscosity. Results were measured in triplicate,
and the average was calculated.
3. pH:
pH of the freshly formulated emulsion was
measured using digital pH meter.
4. Globule size:
Emulsion was diluted 50 times and 100 times
with distilled water. The resultant samples were
prepared by gentle agitation for 5 minutes using
a magnetic stirrer. In addition, globule size
distribution (PSD) and zeta potential of the final
emulsion were measured using dynamic light
scattering technique by HORIBA particle size
and zeta analyzer.
C. Preparation of film:
HPMC K4M (0.5 g) was taken in 20 ml of water.
[t was continuously stirred on a Magnetic stirrer
to mix the polymer. The emulsion was
incorporated in four batches: F1, F2, F3 and F4.
(Table 2). After forming the film, it was kept for
24 hours to dry. The film was separated from
the petri plate using a syringe needle.
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Table 2: Compositions of different batches of
dermal film

Batche | HPMC K4M | Water | Emulsion
s

F1 0.5g 20ml 2ml

F2 0.5g 20ml 3ml

F3 0.5g 20ml 4ml

F4 0.5g 20ml 5ml

Evaluation Parameters for transdermal patch:
1. Antimicrobial activity against Tinea cruris
In vitro antifungal studies were performed
against Tinea cruris in Sabouraud dextrose
starch medium by the cup plate method. Tinea
cruris suspension was spread on the surface of
plates with the help of a spreader. The required
size of bores (6 mm) was made using a cork
borer and dermal film solution was poured into
it. The whole procedure was carried out in
aseptic laminar air flow chamber. The petri
plates were placed into an incubator at 25°C for
growth of micro-organism for 24 h. After 24 h,
zone of inhibition was checked to determined
using scale.

2. Mechanical Strength:
Film specimens were cut (25x50 mm). Care was
taken to ensure the specimens had a consistent
thickness free from defects or imperfections.
Using a tensile testing machine, the film was
pulled at a 200mm/min speed, and the force
required to break the film was noted.

3. Weightvariation:
9 films were weighed on analytical balance and
average weight was determined for each film. It is
desirable that films should have nearly constant
weight.

4. Folding endurance:
The folding endurance is expressed as the number
of folds (number of times the film is folded at the
same place, either to break the specimen or to
develop visible cracks). This test is important to
check the ability of the sample to withstand
folding. This also gives an indication of brittleness.
The folding endurance of the strips was
determined by repeatedly folding one film at the
same place till it broke.

5. Filmthickness:
Film thickness was measured by using 0.02 mm
vernier caliper. A 5x4 cm sample of the film
thickness was measured in ten different positions.

6. In vitro diffusion study:
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A Franz diffusion cell system was applied
through a cellulose acetate synthetic
membrane. Around 300 mg of each sample was
used as the donor phase. The acceptor phase
was thermostated phosphate buffer (PBS pH
7.4%0.15) at 32°C+0.5°C. Drug release lasted 8-
hours (sampling times: 0.5; 1; 2; 3; 4; 5; 6; and 8
h). The antimicrobial activity of each sample is
withdrawn was measured against Tinea cruris
[11],

RESULT AND DISCUSSION
A.  Antimicrobial activity for oils:
Table 3: Selection of oils based on
antimicrobial activity against Candida

albicans:
Oils Zone of inhibition (cm)
Neem 2.166 + 0.152
Garlic 2.266 + 0.152
powder
Camphor | 2.866 + 0.152
oil
0il 3.28+0.152
mixture

Based on the observation (Figure 1), we conclude
that neem, garlic, and camphor exhibited activity
against Candida albicans, as evidenced by a zone
of inhibition (Table 3).

Sr. | Evaluation Observation
No | parameter

1 Color Buff color

2 Opacity Opaque

Oil mixture

Camphor oil

From table no. 5 results it was observed that
uniform emulsion was formed.

2. Viscosity:
Table 6: Measurement of viscosity of
emulsion
RPM Spindle no. Viscosity
(CP)

1.

Bull. Pharm. Res. 2025;15(S2)

Fig 1: Antimicrobial activity for oils
Optimization of concentrations of oils:
The same procedure was followed for
optimizing the concentrations of oils as we
performed for selecting oils. The oils were
chosen in the ratio garlic: camphor: neem
(1:3:1) (Table 4).

Table 4: Optimization of Concentration of oils:

Batch | (Garlic: Zone of
Camphor: | inhibition (cm)
Neem)

F1 1:1:0.5 2.533+0.15

F2 2:2:1 312+0.1

F3 2:1:1 2.766 £ 0.11

F4 1:3:1 334+0.1

Based on the observations, batch F4 with
concentrations in the ratio of 1:3:1 exhibited the
maximum zone of inhibition. Therefore, we have
selected this ratio for the formulation of films
(Figure 2).

Fig 2: Antimicrobial activity for optimization

of oils
B. Evaluation results of Emulsion:
Optical properties:
Table 5: Optical properties of
Emulsion
30 61 16
30 61 22
30 61 8
Average viscosity 15.33 +
1.533*

*n=3From table no 6 results, viscosity was found
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to be optimum reducing settling of globules.

3. pH:
Table 7: Measurement of pH of optimized
batch of emulsion

Sr. | Batch pH

No

1 Optimized batch 6.5

2 Optimized batch 6.7

3 Optimized batch 6.8
Average pH 6.6 + 0.66*
*n=3

From table no 7 results, pH was found to be in
the range of skin pH thus preventing irritation
to the skin.

4. Globule size:
Table 8: Measurement of globule size of
optimized batch of emulsion

Sr. Batch Globule size
No. (1m)
1 Optimized 20
batch
2 Optimized 18
batch
3 Optimized 22
batch
Average globule size 20 % 2.0%*
*n=3

From table no 8 results, globule size was found
to be optimum reducing settling of globules.
C. Evaluation Results of Film

Antimicrobial activity for films against candida:

Fig 4: Antimicrobial activity for films against
candida

Table 9: Antimicrobial activity of different
batches of dermal film

Bull. Pharm. Res. 2025;15(S2)

| 4 | F4 | 3.23+0.128 |
From the above observation (Figure 4) we
conclude that F4 batch shows maximum
antimicrobial activity. F4 batch shows maximum
antifungal activity against candida. F3 batch also
shows activity but this film is too oily that's why
we selected F4 batch film (Table 9).

2. Antimicrobial activity against Tinea

cruris

Fig 5: Antimicrobial activity for films against
Tinea cruris
Table 10: Zone of inhibition of optimised
batch against Tinea cruris

Sr. | Batches

Diameter of zZone of
No inhibition (cm)

1 Optimized 4.14

Sr. Batches | Diameter of zone of
No. inhibition (cm)

1 F1 2.93 +0.154

2 F2 240 +0.236

3 F3 3.11+0.191

Batch
Sr. No. Weight (mg) Mean
1 100
2 107 106 £ 2.5438*
3 111
2 Optimized 3.50
Batch
3 Optimized 4.23
Batch
Average
Diameter of 3.95 + 0.324*
zone of
inhibition
*n=3

From table no 10 results, zone of inhibition was
observed indicating antifungal activity of
formulation against Tinea cruris (Table 10 and
figure 5).

Evaluation parameters for transdermal patch:
1. Mechanical Strength:
Table 11: Mechanical strength of optimized
batch of dermal film

*n=3
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Samples | Time Zone of
interval inhibition
(min) (mm)

S1 30 8+1

S2 60 12 +1

S3 120 14+1

S4 180 16 +2

S5 240 222

S6 300 25+2

S7 360 29+3

S8 420 34+3

S9 480 38+3

Fro
m table no 11 results, mechanical strength was
good for transdermal patch.
2. Weight variation:
Table 12: Weight variation of optimized
batch of dermal film
*n=3
From table no 12 results, the weight variation of
optimized batch of transdermal patch was
found to be in range indicating uniform
distribution of drug.
3. Folding endurance:
Table 13: Folding endurance of optimized
batch of dermal film

*n=3
Sr.No | Thickness Mean
(mm)
1 0.29 mm
2 0.33 mm 0.3+
3 0.28 mm 0.026*

From table no 13 results, folding endurance was
good for transdermal patch indicating flexibility
of film.

4.  Filmthickness:
Table14: Film thickness of optimized batch
of dermal film*n=3
From table no 14 results, film thickness was of
transdermal patch was found to be in range
aiding in uniform drug release.
6. In Vitro diffusion study

Bull. Pharm. Res. 2025;15(S2)

Diameter of zone of inhibition versus time

Dhamater of zone of whikation (mm)

Time {min)

Fig. 6 Time vs diameter of inhibition zone

Discussion

The present study aimed to formulate and
evaluate a polyherbal dermal patch for fungal
infections, specifically targeting Tinea cruris and
Candida albicans. The polyherbal transdermal
patch was designed to provide localized
treatment, reducing systemic toxicity and
preventing the spread of infections due to
severe itching.efficacy against Candida albicans,
where neem oil, garlic powder, and camphor oil
exhibited significant antimicrobial activity [12]
The combination of these oils (garlic: camphor:
neem in a 1:3:1 ratio) demonstrated the highest
zone of inhibition, indicating its potential as an
effective antifungal agent.

The emulsion was prepared using the bottle
method, and its evaluation showed desirable
properties such as buff colour, opacity, and a
matte finish 131 The viscosity measurements
indicated a stable emulsion, with an average
viscosity of 15.33 CP. The optimized batch also
exhibited a pH of 6.6, ensuring compatibility
with human skin. Additionally, the globule size
analysis confirmed an average size of 20um,
which is suitable for effective skin penetration.
The preparation of the polyherbal film involved
incorporating different volumes of emulsion
into hydrogel-based formulations [4. Among
the various batches, F3 (4ml emulsion)
exhibited the highest antifungal activity while
maintaining a non-oily texture, making it the
most suitable formulation for further studies.
The films were evaluated for their antimicrobial
activity against Tinea cruris, where the
optimized batch demonstrated an average zone
of inhibition of 3.95 + 0.324 cm, confirming its
potent antifungal activity. Mechanical strength
testing of the film showed an average strength of
14.9 MPa, ensuring sufficient durability for
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application. Additional evaluations, including
weight variation, folding endurance (172 + 42.96
folds), and film thickness (0.3 + 0.026 mm),
further confirmed the consistency and reliability
of the formulation.

The in vitro diffusion study revealed a gradual
increase in drug release over time,[15] with the
zone of inhibition expanding from 8 mm at 30
minutes to 38mm at 480 minutes (Figure 6 and
table 15). This sustained release profile
suggests prolonged antifungal activity, which
could enhance treatment efficacy and reduce
the frequency of application.

Overall, the study successfully formulated and
evaluated a polyherbal transdermal patch with
significant antifungal activity. The optimized
formulation (F3) demonstrated strong
mechanical properties, controlled drug release,
and high antimicrobial efficacy, making it a
promising candidate for the treatment of fungal
infections. Future studies should focus on
clinical evaluations to assess the formulation's
in vivo efficacy and safety.

REFERENCES:

1) Kohler JR, Casadevall A, Perfect ]J. The
spectrum of fungi that infects humans. Cold
Spring Harb. Perspect.
Med.2015;5(1):a019273. [DOL:
10.1101/cshperspect.a019273]

2) Baumgardner D]. Soil-related bacterial and
fungal infections. JABFM. 2012;25(5):734-
44.[DOI:10.3122/jabfm.2012.05.110226]

3) Sahoo AK, Mahajan R. Management of tinea
corporis, Tinea cruris, and tinea pedis: A
comprehensive review. Indian Dermatol.
Online J.. 2016;7(2):77-86. [DOI:
10.4103/2229-5178.178099]

4) Matterne U, Bohmer MM, Weisshaar E,
Jupiter A, Carter B, Apfelbacher CJ]. Oral H1
antihistamines as ‘add-on’ therapy to topical
treatment for eczema. CDSR. 2019;(1).
[DOI:10.1002/14651858.CD012167]

5) Cheng YC, Li TS, Su HL, Lee PC, Wang HM.
Transdermal delivery systems of natural
products applied to skin therapy and care.
Molecules. 2020;25(21):5051.
[DOI:10.3390/molecules25215051]

6) Li WR, Shi QS, Liang Q, Huang XM, Chen YB.
Antifungal effect and mechanism of garlic oil
on Penicillium funiculosum.

Bull. Pharm. Res. 2025;15(S2)

Appl. Microbiol. Biotechnol.2014  ;98:8337-
46.[DOI: 10.1007/s00253-014-5919-9]

7) Abd El-Moez SI, Omara ST, Amer HA, Zaki FN.
Antimicrobial activities of neem extract

(Azadirachta indica) against microbial
pathogens of animal origin.  Glob
Vet.2014;12(2):250-6. [DOL:

10.5829/idosi.gv.2014.12.02.82123]

8) Oliveira, F. Silva, E. Matias, A. Silva, ].M,

Reis, RL and Duarte, A.R.C, Menthol-based
deep eutectic systems as antimicrobial and
anti-inflammatory  agents for  wound
healing Eur. J. Pharm. Sci. 2023, 182,106363
[DOI:10.1016/j.ejps.2022.106368]
9) Duda-Madej A, Viscardi S, Grabarczyk M,
Topola E, Koztowska ], Magczka W, Winska K.
Is Camphor the Future in Supporting
Therapy for Skin Infections?.
Pharmaceuticals. 2024;17(6):715. [DOI:
10.3390/ph17060715]

10) Ahuja, A., Gupta, J. and Gupta, R.,. Miracles of
herbal phytomedicines in treatment of skin
disorders: Natural healthcare
perspective. Infectious Disorders-Drug
Targets Disorders) 2021;21(3),328-338.
[DOL:
10.2174/1871526520666200622142710]

11) El-Gohary M, van Zuuren EJ, Fedorowicz Z,
Burgess H, Doney L, Stuart B, Moore M, Little
P. Topical antifungal treatments for tinea
cruris and tinea corporis. Cochrane Database
Syst. Rev.2014(8). [DOL:
10.1002/14651858.CD009992.pub2]

12) Kumar SM, Kumar VA, Natarajan P,
Sreenivasan G. Antifungal Efficacy and the
Mechanical Properties of Soft Liners against
Candida albicans after the Incorporation of
Garlic and Neem: An: In vitro: Study. J Int Soc
Prev Community Dent 2018;8(3):212-7.
[DOI: 10.4103/jispcd.JISPCD_343_17]

13) Kowalska M, Wozniak M, Zbikowska A,
Koztowska M. Physicochemical
characterization and evaluation of emulsions
containing chemically modified fats and
different  hydrocolloids. Biomolecules.
2020;10(1):115. [DOI:
10.3390/biom10010115]

14) Jamshaid U, Anton N, Elhassan M, Conzatti G,
Vandamme TF. Novel Hydrogels Based on
the Nano-Emulsion Formulation Process:
Development, Rheological Characterization,
and Study as a Drug Delivery System.

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12,
March 2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44

206



Kore et al Bull. Pharm. Res. 2025;15(S2)

Pharmaceutics.2024;16(6):812. [DOL:
10.3390/pharmaceutics16060812]

15) KimY, Park E]J, Kim TW, Na DH. Recent
progress in drug release testing methods of
biopolymeric particulate system.
Pharmaceutics.2021;13(8):1313.
[DOI:10.3390/pharmaceutics13081313]

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12,
March 2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44

207



Bulletin of Pharmaceutical Research 2025; 15 (S2)

An Official Publication of Association of Pharmacy Professionals

ISSN: 2249-6041 (Print) 2249-9245 (Online)
RESEARCH ARTICLE

oY
Yo 2

EVALUATION OF THE SUSPENDING PROPERTIES OF LITSEA GLUTINOSA
(MAIDA LAKDI) MUCILAGE IN PHARMACEUTICAL SUSPENSIONS.
Anuradha G. More*, Atharv R. Adhav, Pooja S. Khaire, Vaishnavi V. Shirke
Padmaja S. Kore
PES’s Modern College of Pharmacy, Sec. No. 21, Yamunanagar, Nigdi, Pune 411044.

*Corresponding author email:anuradhagmore2011@gmail.com
Received: Feb 04, 2025 / Revised: April 16, 2025 / Accepted: May 01, 2025

Abstract

This study investigates Litsea glutinosa mucilage as a natural suspending agent compared to acacia gum. The mucilage
exhibited a pH of 7.5+0.05, swelling index of 71.42+1%, and loss on drying of 6.3+0.12%. Phytochemical tests confirmed the
presence of carbohydrates, tannins, alkaloids, glycosides, and mucilage. Zinc oxide suspensions with L. glutinosa showed
higher viscosity (1.23 poise) and lower flow rate (0.17 ml/sec) at 4% w/v than acacia (1.08 poise, 0.37 ml/sec).
Sedimentationvolumeafter4weekswas0.40 formucilagevs.0.37 foracacia. Theseresultshighlightitseffectivenessasa

biocompatible, stable, eco-friendly suspending agent.
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Introduction

Litsea glutinosa is a medium-sized evergreen
tree that can reach heights of approximately 20-
30 feet. This tree belongs to the Lauraceae
family. It thrives in mixed primary and
secondary forests and thickets, is widely
distributed, grows in various parts, and is also
found in northern Australia. In India, the tree is
mainly located in the Northeastern region.
Litsea glutinosa is a versatile plant with a wide
range of uses. The plant’s fruit contains an
edible, sweet, creamy pulp, while the young
leaves serve as fodder. The mucilage extracted
from Litsea glutinosa has been utilized in
various applications, such as in coatings for
container dividers. When mixed with water, this
mucilage swells and forms a gel-like substance.
The primary components of the mucilage
include carbohydrates and uronic acids. These
are hetero hydrogen polyuronides, known for
their emulsifying, gelling, and suspending
properties, which have been well documented
in scientific literature [1l. The plant’s essential

oils are reported to exhibit
psychopharmacological effects. Additionally,
mucilage from the plant is used in
pharmaceutical formulations, where it serves as
a binder in pellet formulations and aids in
controlled drug release. The powdered seeds of
Litsea glutinosa are also used medicinally,
particularly for treating boils. Leaves of
mucilage and bark are used in poultices, and the
bark itself is recognized for its demulcent and
mild astringent properties, making it useful in
treating diarrhea and dysentery. Regarding
pharmaceutical suspensions, such as a 50 ml
volume stored in a tube and shaken for 24
hours, the system may show poor stability and
is considered thermodynamically unstable. To
address this, a suspending agent or stabilizer is
necessary to enhance the redispersion of the
suspension and reduce the settling rate. This
can be achieved through protective colloidal
action, which increases the viscosity of the
suspending medium-2
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Material and methods

Plant material

Litsea glutinosa bark is collected from Pune. The
pieces of bark are separated and dried in a hot
air oven at 60°C. The powder is then ground in
a machine-like grinder.

Isolation of Mucilage from Litsea
glutinosa Bark

The extraction of mucilage was done using the
ultrasonic probe sonication method. 10 grams
of Litsea glutinosa bark powder were accurately
weighed. Cleaned the plant material and ground
itinto a fine powder to increase the surface area
for extraction. Poured 100 ml of distilled water
into the powder. Placed the mixture in a heating
bath for 1 hour at a constant temperature of
60°c. The mixture was exposed to direct
ultrasound waves from a sonotrode for 20
minutes using an ultrasonic device (Probe
sonicator PCI Analytics DP-20, India) with a
frequency of 24 kHz and a power of 700 watts.
To prevent a sudden rise in temperature, place
the sample in an ice-insulated container,
maintaining the temperature at around 35 * 2°c.
After sonication, heating was performed at 80°c
for 10 min. Filtered the solution through several
folds of muslin cloth and collected the filtrate.
Finally, the mucilage was precipitated by 96%
ethanol and dried under a freeze-dryer-3]

Physicochemical and Phytochemical
Analysis

The mucilage’s characterisation was done for
relative solubility, swelling index, drying loss,
and viscosity, per Indian Pharmacopoeia
standards. A digital pH meter is used to check
the pH of the mucilage sample. 4. Various
phytochemical tests were performed to identify
proteins, carbohydrates, glycosides, flavonoids,
alkaloids, and tannins in the isolated mucilage.

Preparation of Zinc Oxide Suspension

The 5 % Suspensions of zinc oxide were
prepared with varying concentrations, i.e., 1%,
2%, and 4% w/v of suspending agent. A total of
six batches with two suspending agents, Litsea
glutinosa mucilage and acacia, were prepared

Bull. Pharm. Res. 2025;15(S2)

as shown in Table 1. A zinc oxide (ZnO)
suspension is made by weighing 5 g of ZnO
powder and then pre-wetting it with 1 mL of
glycerin and a small quantity of water to create
a smooth paste in a mortar and pestle. A
suspending agent should be separately
dissolved in warm distilled water while
constantly stirring. The solution should then be
cooled. To guarantee even dispersion, gradually
add the ZnO paste to the CMC solution while
stirring constantly. Pour distilled water to
adjust the final volume, stir well, and pour the
suspension into a measuring cylinder. Add a
preservative and store it properly. [56l-

Table 1. Formulation ingredients of the zinc
oxide suspension

Ingredients Composition(%w/v)
Zinc Oxide 5

Suspending agent | 1,2 and 4

Methyl paraben 0.05

Glycerin 1

Distilled water q.s | 100ml

Evaluation of Suspension
Physical Testing:

Over four weeks, the produced suspensions
were monitored daily for phase changes, such
as accumulation, smearing, and crystal
formation [71.

Redispersibility:

The suspension was kept at room temperature
in separate calibrated tubes. At specified
intervals, the dispersibility of the sediment was
assessed, and any deposits were noted.
Observations were recorded over time [9].

Sedimentation Volume:

A 100 ml measuring cylinder was filled with 100
ml of the formulation and kept at room
temperature to calculate the sedimentation
volume. For the first seven days, the
sedimentation volume (%) was measured daily;
after that, it was measured every week for up to
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four weeks. As the material fell from the top of
the suspension, measurements were made
when the clear supernatant appeared hazy. The
following formula was used to determine the
rate of sedimentation:

F=Vu
Vo

Vu is the Ultimate volume of sediment, and Vo is
the original volume of suspension before
settling.

Viscosity Measurement:

The suspensions viscosity was assessed 48
hours after preparation at 25°C using a
Brookfield viscometer (model RVDV PRO II,
Brookfield, USA) set at 100 rpm with spindle
number 4. Measurements were performed in
triplicate, and the average values were utilised
for the results 81

Flow Rate Determination:

The flow rate was determined by timing how
long it takes 10 ml of suspension to traverse a
10 ml pipette. The flow rate was calculated
using the equation:

Table 2. Physiochemical analysis of the
mucilage of Litsea Glutinosa

Test Observation

Colour Brown

Odour Characteristic

Texture Slightly rough

Solubility Soluble in water, forming a
gel-like or viscous solution

Swelling 71.42+1%

Index

pH 7.5£0.05

Loss on | 6.3+0.12%

Drying

Here, v(J represents the sample volume (in ml)
and T is the time (in seconds) required for the
suspension to flow through the pipette. The

Bull. Pharm. Res. 2025;15(S2)

average of three measurements was

consistently noted.

Swelling Index:

1 gram of powdered mucilage was placed in a
25 ml measuring cylinder to measure the
swelling index. Fresh distilled water (25 ml)
was added, and the mixture was gently shaken
every 10 minutes for an hour. After that, it was
left undisturbed at room temperature for three
hours. The swelling index was then determined
using the formula:

Swelling Index Xt - Xo
Xo

Xo represents the powder’s initial height in the
cylinder, and Xt is the height of the swollen gum
after 24 hours[4!

RESULTS AND DISCUSSION

Physicochemical and Phytochemical
Analysis

itsea glutinosa mucilage was isolated, and its
physicochemical and phytochemical properties
were assessed. Table 2 demonstrates that the
mucilage was brown, had a distinct smell, had a
slightly gritty texture, and was soluble in water,
forming a gel-like solution. It had a pH of
7.5£0.05, a swelling index of 71.42+1%, and a
drying loss of 6.3x0.12%. Carbohydrates,
tannins, alkaloids, glycosides, and mucilage
were found in phytochemical analysis (Table 3),
but flavonoids were not. The findings suggest
that the mucilage’s favourable physicochemical
characteristics and the inclusion of bioactive
elements make it a stable, biocompatible
substance with potential medicinal uses.

Table 3. Phytochemical analysis of the mucilage
of Litsea glutinosa
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Suspendi | Concentrati | Flo | Viscosit
ng agent | on (%w/v) w y
Rat
e

1 1.13 | 0.85
Acacia 2 0.56 | 0,97

4 0.37 | 1.08

1 0.55 | 0.98
Litsea 2 032 | 1.12
glutinosa
mucilage

4 0.17 | 1.23
Tests Observation
Test for carbohydrates | Positive
(Molisch’s test)
Test for tannins (Ferric | Positive
chloride test )
Test for  alkaloids | Positive
(Wagner's test)
Test for glycosides | Positive
(Keller Kiliani test)
Test for  mucilage | Positive
(Ruthenium red test)
Test for flavonoids | Negative
(Shinoda test)

Table 4. Viscosity (poise) and flow rates
(ml/sec) of ZnO suspensions prepared at
different concentrations of Litsea glutinosa
mucilage and Acacia at room temperature

The flow rate and viscosity of ZnO suspensions
prepared using Litsea glutinosa mucilage and

Bull. Pharm. Res. 2025;15(S2)

acacia as suspending agents were evaluated and
are presented in Table 4. Results showed that
increasing  concentrations (1-4% w/v)
increased viscosity while the flow rate
decreased for both agents. At equivalent
concentrations, Litsea glutinosa mucilage
demonstrated higher viscosity and lower flow

rates than acacia, indicating superior
suspending  ability.  Notably, at 4%
concentration, the mucilage exhibited a

viscosity of 1.23 poise and a flow rate of 0.17
ml/sec, suggesting its potential as an effective
natural suspending agent in pharmaceutical
suspensions.

Evaluation of Suspensions
Sedimentation Volume:

The sedimentation volumes of ZnO suspensions
prepared with Litsea glutinosa mucilage and
acacia at varying concentrations are shown in
Table 5. Both suspending agents showed a
decrease in sedimentation volume over time;
however, Litsea glutinosa mucilage exhibited
better sedimentation stability compared to
acacia at corresponding concentrations. At 4%
w/v, mucilage maintained a  higher
sedimentation volume (0.40 at 4 weeks) than
acacia (0.37), indicating superior suspending
properties. This enhanced performance may be
attributed to the mucilage's higher viscosity and
swelling capacity. These findings support the
potential of Litsea glutinosa mucilage as an
effective natural alternative to synthetic
suspending agents-[5]

Table 5. Sedimentation Volume of ¢ from Litsea glutinosa and Acacia at different concentrations

Sedimentation Volume
Suspending | Concentration Time (in days) Time (in weeks)
agent (%w/v)
1 |2 3 4 > 6 7 2 3 4

1 1 1087083078074 |0.68 |0.65|0.50 | 0.32 |0.22
Acacia 2 1 1090|086 |080|078|0.72|0.68 |0.62 | 048 | 0.34

4 1 1093|089 |085|080|080|0.74 | 0.68 | 0.50 | 0.37

1 1 |/090|086|080|0.73|067 |0.61|0.50|0.38|0.25
Mucilage 2 1 1092088083076 069|063 052|040 | 034

4 1 095|090 084|076 |0.70 | 0.63 | 0.53 | 0.44 | 0.40
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Viscosity and Flow Rate

Suspensions are inherently unstable dosage
forms due to the tendency of dispersed solid
particles to settle over time, leading to
sedimentation and potential caking.
Enhancing the viscosity of a suspension can
mitigate this issue by slowing particle
settling, thereby improving formulation
stability. However, increased viscosity also
reduces pourability, necessitating a
thorough evaluation of viscosity to optimize
suspension performance [13-

In this study, the viscosity of various
suspensions was assessed, with the results
summarized in Table 4. A direct correlation
was observed between the concentration of
the suspending agent and the viscosity,
where higher concentrations resulted in
increased viscosity. Suspensions formulated
with Litsea glutinosa mucilage and acacia
exhibited distinct viscosity characteristics. It
is noteworthy that zinc oxide (ZnO)
suspensions  formulated with Litsea
glutinosa mucilage exhibited consistently
higher viscosity than those containing acacia
across all tested concentrations (1%, 2%,
and 4%).

Flow rate measurements, conducted using
standardized methods as described in the
methodology section, indicated an inverse
relationship between viscosity and flow rate.
As the concentration of Litsea glutinosa
mucilage or acacia increased, the viscosity of
the suspension increased correspondingly,
leading to a gradual reduction in flow rate.

pH Measurement

The pH of a suspension is a crucial factor
influencing drug stability and compatibility,
as it dictates the formulation’s acidic or basic

Bull. Pharm. Res. 2025;15(S2)

Figure 1. Sedimentation Volume of Litsea
glutinosa A(1%), B (2%) and C(4% w/v)
nature.

The pH analysis of the prepared suspensions
revealed values ranging from 7.1 to 8.6,
signifying a near-neutral to mildly basic
environment.  Specifically, suspensions
incorporating Litsea glutinosa mucilage
exhibited pH values between 7.4 and 8.3,
indicating their potential suitability for
pharmaceutical applications.

Furthermore, the pH stability of ZnO
suspensions  formulated with Litsea
glutinosa  mucilage and acacia at
concentrations of 1%, 2%, and 4% (w/v)
was evaluated over four weeks. The findings
indicated minimal pH variations across all
formulations, suggesting excellent pH
stability. These results highlight the
potential of Litsea glutinosa mucilage as a
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promising pharmaceutical excipient, even at
lower concentrations.

Redispersibility

For a suspension to be effective, it should
easily redisperse after shaking so that the
medication is evenly distributed. If a
suspension remains settled even after
shaking, it is considered “caked” and
unsuitable for use [11]

In this study, all formulated suspensions
were tested for redispersibility after being
stored for 45 days. They were all found to be
easily redispersible, though the time
required varied. Suspensions made with
Litsea glutinosa needed more shaking than
those formulated with acacia.

Additionally, suspensions with lower
concentrations of suspending agents (which
have lower viscosity) were quicker to
redisperse than those with higher
concentrations (higher viscosity). This is
likely because higher viscosity makes it
harder for particles to move freely. Overall,
the suspensions maintained consistent
redispersion behavior across all tested
suspending agents.

CONCLUSION

The present study highlights the potential of
Litsea glutinosa mucilage as a natural
suspending agent in pharmaceutical
suspensions. Comparative evaluation with
acacia gum revealed that L. glutinosa
mucilage offers comparatively good
sedimentation volume, redispersibility,
viscosity, and good physical stability. It has a
natural origin, biocompatibility, and
promising suspending properties. L.
glutinosa mucilage presents a viable, eco-
friendly
suspending agents in oral pharmaceutical
formulations. Further studies on its long-
term stability and compatibility with various

alternative to  conventional

Bull. Pharm. Res. 2025;15(S2)

drugs could support its broader application
in the pharmaceutical industry.
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ABSTRACT

Many medications do not dissolve well in water, which makes it harder for them to be absorbed by the body and reduces their
effectiveness. To solve this problem, scientists use various techniques to improve drug solubility and absorption. These include adding
substances that help drugs dissolve better (like hydrotropes and co-solvents), using nanotechnology, forming salts or co-crystals, and
developing new solubilizing agents. Other methods include making drug particles smaller, mixing them with carriers to form solid
dispersions, and using surfactants in systems like microemulsions or self-emulsifying mixtures. Advanced techniques like supercritical
fluid processing and liquisolid systems also help by increasing surface area, stabilizing the drug in a more absorbable form, and
improvinghow the druginteracts withits carrier. These approaches make it easier for the body to absorb the drug, leading to better
treatment results across different types of medications. This review aims to highlight the main strategies used to improve drug solubility,

making medications more effective and reliable for patients.
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INTRODUCTION

The limited solubility of numerous drugs in water
complicates their formulation, hindering the ability
to achieve high drug loading and rapid dissolution,
which presents a major barrier to effective clinical
application. Around 40% of newly discovered
chemical entities are poorly water-soluble due to
their lipophilic nature, making it difficult to deliver
them at therapeutic doses. When administered

orally, these compounds often show slow
dissolution, erratic  absorption, and low
bioavailability. = Over recent decades, the

identification of many pharmacologically potent but
poorly soluble molecules has further challenged the
development of effective oral drug formulations.
Among various approaches, formulating drugs in an
amorphous state has shown promise in improving
solubility and bioavailability [1

This review offers a strategic and up-to-date
resource for formulation scientists, focusing on
innovative and practical approaches to overcome
solubility-related hurdles and enable the successful
development of next-generation

TECHNIQUES FOR SOLUBILITY ENHANCEMENT

e Chemical Modification
¢ Physical Modification
e Miscellaneous Methods

1. CHEMICAL MODIFICATION

1.1 Hydrotrophy:

The method of enhancing the solubility of a
solute in water by introducing a large amount
of a second solution is referred to as
hydrotrophy. Complexation is a process that
directly improves solubility by using weak
interactions between hydrotropic chemicals
such as sodium benzoate, sodium acetate,
sodium alginate, urea, and weakly soluble
drugs. Organic salts with an ionic character are
known as hydrotropic agents. [2I

Hydrotropic
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L] e o L
ée
olvent
Addition of solute
(Srug}
Solubllization of °
‘e < drug o P o ®
—0ee 900 C—— -9 @~ 9 _6-
8 + 8 ° °
B < G. ] o

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12, March 2025 Organised
by PES Modern college of Pharmacy Nigdi Pune-44


mailto:ujudesai@gmail.com

Desai et al

1.2. Co-solvency:

Co-solvents are solvents that blend effectively
with water and in which the drug is highly
soluble; they can be utilized to enhance the
solubility of medications that are poorly
soluble in water. Co-solvents, which help
enhance the solubility of poorly soluble
compounds, consist of a combination of one or
more solvents that mix well with water
alongside water itself.

1000

Sciublity Ephancement

0 01 0.2 03 04 {
Cosolvent Fraction

Co-solvent methods work well with crystalline,
lipophilic, or poorly soluble molecules,
particularly those that exhibit significantly
greater solubility in the mixed solvent solution.
Co-solvents can significantly improve the
solubility of weakly soluble compounds,
frequently by thousands of times in
comparison to the drug's solubility in pure
water. Dimethyl sulfoxide (DMSO) and
dimethylacetamide (DMA) are commonly
employed as co-solvents due to their low
toxicity levels and capacity to dissolve difficult
medicines [4}

1.3. Nanotechnology:

In nanotechnology, materials and structures at
the nanoscale (at least 100 nanometres, or nm)
are studied and used. Since many Novel
Chemical Entities (NCEs) with poor solubility
do not benefit enough from the increase in oral
bioavailability that micronization provides,
and because micronized products have a
limited effective surface area for dissolving,
nanonization was the next breakthrough. High-
temperature evaporation, vacuum deposition,
high-pressure homogenization, and sonication
are among the preliminary methods that can
be applied 51

Bull. Pharm. Res. 2025;15(S2)

Advantages:

In order to increase solubility and the pace of
dissolution, it creates spherical, smooth-
surfaced particles with greater specific surface
areas and narrow particle size distributions. [6l.

1.4. Salt Formation:

A number of instability problems frequently
prevent an active pharmaceutical ingredient
(API) in its most stable form during
manufacturing. This leads to the creation of
salts, cocrystals, concretes, hydrates, and
polymorphs. For therapeutic candidates that
are poorly soluble, salt production has proven
advantageous, particularly for weak acids and
bases. When a material dissociates in a
solution, salts are created. This process works
well for solid dosage forms, as well as
parenteral and other liquid formulations. [7}

1.5. Co-Crystallization:

Molecular interactions are impacted by co-
crystallization, and this can be used to enhance
medicinal effects. A multi-component crystal
made of two solid substances at room
temperature, with at least one of the
substances being an appropriate ion or
molecule, is called a co-crystal.

w Dreaking solute- -
8 solute bonds
—— m B

formation of
+ solventsolute
bonds

breaking
solvent-scivent

bonds
—_—

solvent

How to Create Molecular Crystals to Increase
Solubility A common goal in the production of
molecular crystals for use as crystalline
pharmaceutical materials is to make
medications more soluble and dissolve more
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quickly. Because of this, crystals interacting
with the surrounding medium need to have
their surface and molecular packing changed
Polymorphic forms that are unstable or
metastable and retain their molecular
structure tend to be more soluble.l7}

1.6. Utilizing a new solubilizer:

Different solubilizing chemicals can improve
the solubility of medications that are not very
soluble. For instance, traditional solubilizers
like  polysorbates, Hydrophobic active
pharmaceutical ingredients (APIs) can be
made more soluble with the help of
dendrimers, = Povacoat,  Sepitrap, and
Soluplus.[8]

2. PHYSICAL MODIFICATION

2.1. Particle Size Reduction

Particle size reduction is accomplished by
milling techniques using colloid mills, jet mills,
etc. It is not appropriate for medications with a
high dose number since the drug's saturation
solubility remains unchanged. Drug particle
size is frequently related to bioavailability of
poorly soluble drugs. Drug particle size
reduction is accomplished by nanosuspension
& micronization. The drug's ability to dissolve
is enhanced by increasing surface area.!8]
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2.2. Micronization

The bioavailability of a medicine is inherently
correlated with its particle size. Increased
surface area enhances the drug's dissolving
properties by helping the particles getsmaller.
Because micronization increases surface area,
it speeds up the pace at which pharmaceuticals
dissolve.

Drugs are micronized using milling processes
such as colloid mills, jet mills, etc. It doesn't
change the drug's saturation solubility, so it's
not appropriate for drugs that require high
dosages.l]
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Disadvantages
e In humid, heated storage conditions,
disordered/amorphous regions are

susceptible to recrystallization due to
thermodynamic instability. [10]

2.3. Nanosuspension:

Poorly soluble medications that cannot be
dissolved in water or oil are handled with this
technique. A  biphasic system called
nanosuspension contains nanoparticles in an
aqueous medium. Surfactant stabilizes
medication particles of nanosize for oral,
tropical, and parenteral delivery as well as
pulmonary usage.

In nano suspension, the solid particle size
distribution is usually less than one micron.
The typical range of particle sizes is between
200 and 600 nm. This procedure was used for
buparvaquone, amphotericin  &paclitaxel,
atovaquone, and tarazepide. Nanocrystals,
DissoCubes, Nanopores, and Nanoedges are
some of the different techniques used to make
nanosuspensions.[11]

2.4 Modification of Crystal Habit

a) Polymorphs

b) Pseudo polymorphs

Polymorphism is the capacity of a solid
material to exist in two or more different
crystalline forms with different configurations
in the crystal lattice. Polymorphs are distinct
crystalline formations. The physiochemical
properties of drugs in crystalline form,
including their melting point, texture, density,
solubility, and stability, differ while having the
same chemical composition. Similarly,
amorphous medications are more appropriate
than crystalline ones. due to the greater
surface area and higher associated energy.[12]

2.5 Drug Dispersion In Carrier
e Solid solution: Two crystalline solids are
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combined to create a new crystalline solid.

In a homogeneous one-phase solution, two
components crystallize together to form a
mixed crystal. It dissolves much more quickly
than a basic digestive system.[12]

 Solid dispersion: Solid dispersion was first
conceptualized by Sekiguchi and Obi..

Solid dispersion is a useful pharmaceutical
technique for accelerating a drug's rate of
absorption, solubility, and therapeutic
effectiveness. The term "solid dispersion”
refers to a family of solid products including a
hydrophilic matrix and a hydrophobic drug.
polyvinyl pyrrolidone, Polyethylene glycols
and plasdone-S630 are examples of
hydrophilic carriers that are frequently
utilized. The creation of solid dispersions
frequently involves the application of
surfactants. [13]

Liquisalid
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2.6 Solubilization By Surfactants

e Microemulsion: A microemulsion, which
dissolves a drug that is poorly soluble in water,
is an  optically clear, transparent,
thermodynamically stable, isotropic
translucent system composed of a hydrophilic
solvent, oil, and surfactant. The criteria for
choosing a surfactant are HLB and non-
toxicity. In the presence of water, the
formulations self-emulsify, forming a very
transparent emulsion of uniformly small oil
droplets containing the solubilized medication,
which is poorly soluble. In addition to adding
proteins for oral, parenteral, and intravenous
delivery, microemulsions have been employed
to make several medications that are nearly
insoluble in water more soluble. Oil-in-water
(o/w)  microemulsions are the best
formulation because they dissolve compounds

Bull. Pharm. Res. 2025;15(S2)

with poor water solubility into molecules with
high oil phase solubility-[14]

Advantages

e Most of the time, digestion has no bearingon
the release of medications from well-
developed microemulsion pre-concentrates.
Consequently, you can anticipate maximum
bioavailability and repeatability without the
necessity for meal co-administration.[15]

Disadvantages

¢ Formulations with multiple components are
more challenging to validate.[1¢]
Self-emulsifying drug delivery system: Oil,
surfactant, co-surfactant, and one or more
hydrophilic solvents are combined to create a
transparent isotropic solution when there is no
external phase (water). One kind of solution
that has the capacity to emulsify itself is the
self-emulsifying solution. Another name for it
given by some researchers is "microemulsion
pre-concentrate.” These novel colloidal
compositions react similarly to oil-in-water
microemulsions when ingested orally.[17]

2.7 Complexation

Drugs and cyclodextrins have been complexed
to improve the stability and water solubility of
the former. The most popular -cyclodextrin
derivatives that have improved water
solubility are used in pharmaceutical
formulations. With molecular weights of 1000
Da, cyclodextrins are large molecules that have
a hard time getting through the skin. Skin
penetration has been seen to both increase and
decrease because of cyclodextrin
complexation. CDs can be employed to
increase membrane permeability and stabilize
membranes in addition to increasing solubility.
When cyclodextrins are present, biological
membranes become more permeable. CDs can
also be used to improve permeability in
pulmonary medication delivery systems.[18]

3. MISCELLANEOUS METHODS

3.1 pH Adjustment:

The inability of many pharmacological drugs to
dissolve in water hinders their proper
absorption by the body. Changing the pH of the
drug's surroundings to increase its solubility is
one way to address this issue. By changing the
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pH, medications that typically have problems
dissolving in water can become soluble. To
prevent any potential issues, it is crucial to
consider the buffer capacity—the solution's
resistance to pH changes—as well as the pH
level tolerance when employing this
procedure.

For instance, weak acidic medications may
become more soluble when alkalizing agents
(substances that elevate pH) are used. Drugs
that are weakly basic are made more soluble by
using acidifying agents, which are chemicals
that lower pH Additionally, this method can
assist increase the solubility of crystalline and
lipophilic (fat-soluble) medications, which are
frequently poorly soluble in water. [19]

Advantages of pH Adjustment:

e straightforward to formulate and analyze pH
modifications are straightforward to test and
optimize because they don't require
complicated formulas.

e Low chemical usage: Due to its minimal
chemical requirements, it is ideal for high-
throughput testing, which rapidly tests a large
number of formulations. [20]

Disadvantages of pH Adjustment:

Problems with tolerance and toxicity: When
medications are taken at a pH level that is far
outside of the body's normal range, it may
irritate the area where they are delivered
locally or result in systemic toxicity. This is
especially  dangerous for intravenous
medications because the pH of blood is
normally between 7.2 and 7.4, and any large

departure could result in negative reactions.
[21]

3.2 Supercritical Fluid (SCF) Technology in Drug
Formulation

Supercritical fluids (SCFs) are special materials
that exhibit both liquid and gas-like properties
when exposed to pressures and temperatures.
A common SCF is carbon dioxide (CO;), which
could dissolve non-volatile substances when it
reaches temperatures and pressures higher
than its critical values.

What are Supercritical Fluids?

SCFs fall somewhere in the middle between
pure liquids and gases. Because of their
adaptability, SCFs are perfect solvents for a
variety of uses. For example, SCFs' solvent
power can be precisely adjusted to dissolve or

Bull. Pharm. Res. 2025;15(S2)

precipitate particular materials by varying the
temperature or pressure. Among
pharmaceutical processes, carbon dioxide,
water, ethanol, ammonia, nitrous oxide,
ethylene, propylene, and n-pentane are the
most often utilized SCFs. [22]

Advantages of SCF Technology:

e Micronization Precision: Due to the
tremendous flexibility and precision of SCF
methods, medication particles can be
produced in extremely small size ranges,
frequently down to the submicron level. This
can greatly increase the bioavailability of
medications that are poorly soluble.

e Nanoformulations: Current SCF techniques
have produced nanoparticle suspensions
ranging in diameter from 10 to 100 nm, which
is a promising use for medications that require

improved solubility and quicker absorption.
[23]

3.3 Liquisolid Methods

Liquidsolid technology is the process of
converting liquid medications particularly
those that are poorly soluble into a dry, free-
flowing, compressible powder. This is
accomplished by combining excipients, such as
coating and carrier materials, with liquid
medication. Typically, the carrier materials
consist of silica powders, amorphous cellulose,
and microcrystalline cellulose. Adsorption and
absorption are the two main phases in the
process. The liquid medicine is first taken up
by the porous carrier particles' interior, where
it is trapped within their structure. The
technique produces a non-adherent, easily
flowable, and compressible powder that is
perfect for turning liquid or oil-based
medications into solid dosage forms. This is
especially advantageous when making liquid
or oily pills that are simple to handle and
process.[24]
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¢ Ideal for powdered liquid medications: This
system is made especially to handle and
process liquid medications that must be

ground into powder to facilitate formulation.
[28]

Disadvantages of Liquisolid Methods:

¢ Requires specialized carrier properties: Not
all carrier materials are appropriate for every
medicine because the approach depends on
carriers with strong adsorption capabilities
and particular surface area characteristics. [25]

Conclusion

The poor water solubility of many modern
drug candidates remains a significant
challenge in pharmaceutical development,
particularly for oral formulations. As outlined
in this review, a wide array of chemical,
physical, and novel miscellaneous techniques
have been developed to address this issue.
Strategies such as hydrotropy, co-solvency,

nanotechnology, salt formation, and co-
crystallization offer chemical means to
enhance solubility, while physical

modifications like particle size reduction, solid
dispersion, and surfactant-based systems
further support dissolution and bioavailability
improvements. = Advanced  technologies,
including supercritical fluid processing and
liquisolid methods, provide precise control
over particle characteristics and enable the
transformation of poorly soluble drugs into
more effective therapeutic forms. Each method
presents unique advantages and limitations,
and the selection of the appropriate strategy
depends on the specific drug’s properties,
desired dosage form, and intended route of
administration. This comprehensive overview
serves as a practical and strategic resource for
formulation scientists, guiding the rational

design and optimization of solubility-
enhancing approaches in modern drug
development.
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ABSTRACT

Background: Prescription errors and drug-drug interactions are significant concerns in healthcare,
potentially leading to adverse drug reactions, medication errors, and compromised patient safety. Aim: This
study aimed to detect and identify prescription errors and drug interactions in outpatient prescriptions at a
community pharmacy. Methods and Materials: A cross-sectional study was conducted at a community
pharmacy, evaluating 150 randomly selected prescriptions over 5 months. Patients who visited the
pharmacy during the study period were provided prescriptions, which were analysed using a list of
parameters, including Prescriber information, Medication information, and Patient details. Results:
According to the survey, a doctor's signature was present in 89.3% of cases. The patients’ names and date of
consultation were included in 94% and 98% of the prescriptions, respectively. A history and diagnosis were
included in only 0% and 1.3 % of prescriptions, respectively. A total of 98.6% and 98% of the cases had
prescriptions that mentioned dose and dosage forms, respectively. Antibiotics were prescribed for 69.3% of
the prescriptions. In 7.3% of cases, possible drug-drug interactions have been documented. Conclusion: This
study highlights the need for precise monitoring of prescription writing to analyse errors and prevent drug-
drug interactions. One of the other parameters is the lack of prescription; thus, reducing prescription errors
by Prescriber Training and Integration of Digital Prescription Systems is crucial for improving patient
safety and quality of life.
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1. INTRODUCTION: address, registration number, and signature; and
(c) Medication information: brand or generic
A prescription is a medicolegal document name, dosage form, route, dosage, unit,
written by an authorized individual for patient frequency, duration of treatment, quantity, and
treatment,it is an indication of the standard of he usage instructions.[2l

alth treatment the patient is receiving.[!l
Patients who receive pharmaceuticals that are

The prescription includes comprehensive details
about the patient, physician, and medications.
According to the World Health Organization’s
“Guide to  Good  Prescribing”  practical
guideline, must include the following criteria in

appropriate for their clinical needs, in doses that
satisfy their own specific requirements, for
enough time, and at the lowest cost to them and
their community are said to be engaging in
rational use of medicines (RUM).[3I
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prescription errors result from mistakes, breach,
oversights, or slip-ups, like prescribing a dose
that is overly high or inappropriately low.[*]
Community pharmacies frequently deal with
prescription errors, which are a subset of
pharmaceutical errors. Prescription error rates
are thought to range from as low as 0.23% to as
high as 11% of the more than 3.5 billion
prescriptions that community pharmacies get
each year. Errors in prescriptions encourage
irrational drug usage and lower patient
compliance 5]

Irrational prescribing, including misuse, overuse,
and underuse of medications, poses significant
risks such as unsafe treatment, disease
progression, adverse health outcomes, economic
burdens on patients, and resource wastage,
ultimately reducing the likelihood of timely and
effective  therapy. Common examples of
irrational drug use include the inappropriate use
of antimicrobials for non-bacterial infections,
polypharmacy, incorrect dosing, unnecessary
administration of injectables when oral
alternatives are available, self-medication, and
non-adherence to prescribed dosing regimens.
[6,7]

Prescribers have a legal responsibility to make
their prescriptions readable. Errors in
documentation are common in conventional
handwritten prescription writing. In certain
cases, a prescriber has been guilty of provoking a
patient's death by writing an illegible
prescription.[s!

Markers for the prescription’s comprehensibility
and legibility include the percentage of
prescriptions that have readable handwriting,
allergies, a brief history, a final diagnosis, and
clinical examinations and the percentage of
prescriptions that contain vitamins, tonics, or
enzymes and Antibiotic [°]

DDIs are defined as a significant reduction of
potency or efficacy of drugs by combining two or
more drugs for patients. Drug interaction results
in toxic effects or therapeutic failure. DDIs cover
6-30% of all adverse drug events. Drug
interactions lead to toxicity or therapeutic
failure.[10l

This study aimed to assess the quality of
outpatient department (OPD) prescriptions at a
community pharmacy by investigating
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prescription errors, legibility, and drug
interactions based on the prescription audit
criteria set by the Indian Ministry of Health and
Family Welfare, while also evaluating adherence
to the World Health Organization’s (WHO)
standardized core prescribing, patient care, and
facility indicators to ensure and promote
rational use of medicines (RUM).

METHODS AND MATERIALS:

Study setting, design, and site:

A community pharmacy conducted a cross-
sectional study, evaluating 150 randomly
selected prescriptions over 5 months (January-
May 2022). Registered pharmacists of the
relevant community pharmacies granted
permission to perform this study. Prescriptions
from patients who visited the pharmacy
throughout the study period were gathered and
information was collected using markers for the
completeness of the prescription, which
included prescriber information, medication
information, and patient details.

Data collection and analysis

The completeness of the prescription can be
assessed using patient information, including
name, age, sex, reported allergy, consultation
date, OPD registration number, medical history,
diagnosis, investigational advice, and follow-up
information. Medication information such as
dosage forms, generic names of prescribed
drugs, dosage, duration of therapy, and possible
interactions  between  drugs. Prescriber
information includes signatures and legible
handwriting.

Micromedex and Medscape, two clinical decision
support tools, were used to identify drug-drug
interactions. To identify any possible
interactions, the medication lists of each patient
were examined using both software packages.
Consistency and clinical relevance were assessed
by comparing and analysing the severity and
clinical importance of the identified interactions.
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The prescription's legibility and rationality were
examined by computing the percentage of
prescriptions that contain antibiotics, vitamins,
tonics, or enzymes; have readable handwriting;
allergies; a brief history; a final diagnosis, and a
recorded clinical examination

We evaluate prescriptions of these parameters
using observed answers, such as YES or NO, with
YES carrying one mark and NO carrying zero.
Each  prescription's overall score was
determined by adding all 150 prescriptions. The
percentage score was calculated against the
highest possible score.

Descriptive statistical analysis was done on the
data after it was entered into Microsoft Excel

RESULTS AND DISCUSSION

A total of 150 prescriptions from a
community pharmacy were analyzed. Typically,
the prescriptions were divided into three parts:
Patient information, Medication information,
and Prescriber information.

Table 1: Patient Information

Patients n (% Written)
Information

Name 141 (94%)
Age 5 (3.3%)
Gender 7 (4.6%)
Reported allergy 0 (0%)

Consultation date 147 (98%)
OPD registrationno. | 3 (2%)
Brief medical history | 0 (0%)

Diagnosis 2 (1.3%)
Investigational advice | 18 (12)
Follow up 0(0%)

Our study of 150 prescriptions demonstrated
considerable deficiencies in patient information
documentation. We found that the patient’s
details (age, gender, allergy, diagnosis, and
follow-up) were incomplete in all the
prescriptions. While the patient's name was
present in 94% of prescriptions, Age and gender
were recorded in only 3.3% and 4.6%,
respectively. The date of consultation was
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documented in 98% of cases; however, an OPD
registration number was mentioned in only 2%
of prescriptions. Clinical examination findings
and diagnosis were specified in 1.3% of cases,
whereas no prescriptions included allergy
history, past medical history, or follow-up
instructions. Additionally, investigational advice
was provided in 12% of prescriptions. Accurate
documentation of these elements is crucial not
only for legal and ethical considerations but also
for ensuring patient safety and effective clinical
management.

In contrast, a study by Parihar et al. (2021)
discovered that tertiary hospital prescriptions
had a greater completeness rate, with 80% of
them including a complete diagnosis and 65%
included information about allergies. With
tertiary care institutions showing higher
adherence to documentation rules than
community pharmacies, this disparity raises the
possibility that prescription completeness may
differ by healthcare venue.

Table 2: Prescribers' Information

Prescriber's n (% Written)
Information

Signature of Prescriber | 134 (89.3%)
Legible handwriting 149 (99.3%)

To prevent medication errors and improper
drug dispensation, prescribers can utilize capital
letters while writing prescriptions. According to
our study, 99.3% of prescribing physicians had
legible handwriting.

A signature was present on 89.3% of the
prescriptions.

To verify the authenticity of prescriptions and
identify the prescribing physician, these specific
details are crucial.

Research from Rathish et al. (2016) in Sri Lanka,
which revealed that a prescriber's signature
appeared on 84% of the prescriptions, supports
these findings.

Table 3 Medication Information

Medication
Information

Dosage form

n (% Written)

147 (98%)
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Generic name written | 39 (26%)
Dose of medicine 148 (98.6%)
Duration of therapy 134 (89.3%)
Possible drug | 11 (7.3%)
interaction

Many drugs are supplied in a variety of strengths
and dose formulations, which presents
difficulties in dispensing. It may also result in
issues like incorrect dosage form, incorrect dose,
incorrect  duration, and possible drug
interactions.

The duration of therapy was mentioned in
89.3% of prescriptions, although our data
showed high documentation for dosage form
(98%) and dose (98.6%). Only 26% of cases,
though, provided the generic name.

In contrast to our study, Atif et al. (2018)
observed that medication interactions were
identified in 66.4% of prescriptions although
generic names were prescribed in 100% of
prescriptions, where generic prescribing was
adequate. 9.3% of prescriptions had the dosage
form and dose missing.

Even with well-documented dosage and
duration, mistakes can still occur when complete
clinical context—such as diagnosis, weight, and
renal function—is absent, which is frequently
the case.

Our findings were supported by Shrestha &
Prajapati (2019), who discovered that a common
cause of prescription errors in Nepalese
outpatient departments was inadequate
medication instructions, including unclear
dosage forms in 4.5% of cases and drug
interactions in 10.2% of cases.

Table 4: Prescription's legibility and
rationality
Parameters %Writte | %No
n t
writt
en
Antibiotics prescribed | 69.3% 30.7
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%
Vitamins/Tonic/Enzym | 6.6% 93.4
e prescribed %
Readable handwriting | 99.3% 0.7%
Allergies 0% 100
%
Detail history 0% 100
%
Final diagnosis 1.3 98.7
%

The prescription's legibility is examined.
Antibiotics were prescribed in 69.3% of
prescriptions, while vitamins, tonics, and
enzymes were prescribed in 6.6% of cases. Only
1.3% of prescriptions include a definitive
diagnosis, 0.7% have unreadable handwriting,
and none mention allergies or detailed medical
histories.

In our study, Antibiotics were found to be
included in 69.3% of prescriptions, which is
more than twice the standard range of 20% to
25.4%. This pattern suggests that the empirical
use of antibiotics may be prevalent or
unnecessary. Similar conclusions were reached
by Asif et al. (2018), who found that 39.6% of
cases of excessive antibiotic use resulted in
antimicrobial resistance and unnecessary costs

The following formula is used to evaluate a
prescription rationally:

Rationality = (sum of the scores for all 150
prescriptions + the greatest score for each
prescription) x 100

= (1191+2850) x 100
= 41.78%

The overall score for rationality is 41.78%.

Since our study's rationality score is below 50%,
irrationality is suggested.
According to WHO guidelines, a prescribing
practice is considered irrational if less than 50%
of prescriptions adhere to Standard Treatment
Guidelines (STGs).

The following calculation determines the
average number of medications prescribed:
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Total number of medicines prescribed + Total
number of prescriptions audited

=440 + 150

=2.93

Despite the WHO's recommendation of 1.6 to 1.8
drugs per prescription, the average was 2.93,
indicating polypharmacy. Reduced patient
adherence, DDIs, and an increased risk of
adverse events were all associated with this
polypharmacy. The link between polypharmacy
and irrational use emphasizes the need for
prescription audits and continuing medical
education.

CONCLUSION:

This study emphasizes how critical it is to
reduce prescription errors to enhance patient
safety and quality of life. The average number of
prescribed medications and antibiotics
deviated from rational prescribing guidelines,
according to the WHO core drug use indicators.
Additionally, a significant proportion of
prescriptions had drug interactions, highlighting
the need for stringent medication management
and prescribing guidelines.
Some practices should be established into effect
to deal with these problems, like
Training for Prescribers and Continuing
Education, Digital = Prescription System
Integration (e-prescribing), Utilizing drug
interaction screening tools regularly,
Involvement of clinical pharmacists in
prescription audits, Promotion of Rational
Therapy and Generic Prescribing
Monitoring and Reporting Adverse Drug Events
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ABSTRACT: -

The aggressive subtype of breast cancer known as triple-negative breast cancer (TNBC) is distinguished
by the lack of HER2 expression, progesterone receptors, and estrogen receptors. TNBC presents
substantial therapy hurdles because of its heterogeneity and lack of targeted treatments. Recent
developments in therapeutic techniques, including as combination medicines, immunotherapy,
chemotherapy, and targeted molecular approaches, are examined in this study. Immuno checkpoint
inhibitors, PARP inhibitors, and innovative drug delivery methods have transformed the treatment of
TNBC and given patients new hope for better results. We also discuss current clinical trials and potential
paths for customized medicine to treat TNBC. By combining these cutting-edge strategies, we hope to
draw attention to how TNBC treatment changes and the possibility of more efficient, patient-specific
treatment plans.

Key Words: -(Triple-negative breast cancer (TNBC), HER2-negative, estrogen receptor-negative,
progesterone receptor-negative, targeted therapy, immunotherapy, chemotherapy).
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Introduction:

The worst subtype of breast cancer is TNBC
due to its aggressive nature, which poses a
negative survival probability to patients. The
treatment process includes surgery,
chemotherapy, and radiotherapy as the main
available therapies. Medically effective surgery
becomes impossible when patients receive
their TNBC diagnosis after a critical point.
TNBC presents multiple challenges because its
complex nature generates genetic changes in
cell signaling pathways, resulting in
difficult treatment outcomes.

Researchers try targeted therapies as
promising therapeutic approaches due to
these reasons. Reducing TNBC treatment

options focuses their efforts on DNA repair
mechanisms together with androgen receptor
signal transmission pathways and specific
enzymes named Kinases. Immunotherapy has
been proven to enhance both survival rates and
therapeutic effectiveness in patients who suffer
from TNBC. BC is the second leading cause of
death by cancer. Triple-negative breast cancer
(TNBC) is one type of breast cancer that lacks
the markers commonly wused to guide
treatment, which are the estrogen receptors,
progesterone receptors, and HER2. As a result,
there are no standard treatments for TNBC,
which is much more challenging to treat in its
later stages. There are no effective treatments
for TNBC, and that's what researchers are
looking for. Some of these are promising new
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approaches. TNBC represents a highly
aggressive variety of breast cancer that has
unfavorable medical outcomes for patients.
The available treatment options are surgery
alongside chemotherapy and radiation therapy,
but some patients fail to receive surgery
diagnosis. TNBC presents multiple challenges
because it contains different mutated cells and
disrupted signaling pathways. These newly
developed targeted therapies demonstrate
promising results as they concentrate
treatment on DNA repair mechanisms and
effects on androgen receptor signalling and
kinase.

Therapeutic Approaches:
Cdk inhibitors:

Cyclin-dependent kinase (CDK) inhibitors are a
class of drugs that block the activity of cyclin-
dependent kinases, which are enzymes that
help regulate the cell cycle (the process by
which cells grow and divide). In cancer, the cell
cycle control is often disrupted, allowing cancer
cells to grow uncontrollably. Tumor cells in
triple-negative breast cancer (TNBC)
demonstrate regulatory alterations of the cell
cycle process because TNBC stands as an
aggressive and treatment-resistant breast
cancer variant. The changes detected in CDKs
establish them as therapeutic targets. The
treatment outcomes for CDK 4/6 inhibitors in
TNBC highly depend on the status of Rb protein.
When patients exhibit more than 10% positive
androgen receptors the presence of Rb protein
becomes related to better treatment results.
Research shows that activating AR signaling
represents a vital characteristic of TNBC LAR
(luminal androgen receptor) subtypes. Using
AR-targeted therapy and CDK inhibitors
presents a possible treatment approach for the
LAR subtype of TNBC.

It shows that using AR inhibitors alongside
other medications may become a practical
treatment approach for TNBC. Researchers
evaluate the effects of combining palbociclib
with bicalutamide therapy to treat AR-positive
metastatic TNBC (NCT02605486). Ribociclib
and bicalutamide are evaluated for their
combined effectiveness against advanced AR-
positive TNBC in clinical trial NCT03090165.
Abemaciclib is presently assessed for treating
Rb protein-positive metastatic TNBC
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(NCT03130439). The CDK inhibitors dinaciclib,
PF-06873600, and trilaciclib will undergo
clinical testing to determine their effectiveness
against TNBC. Multiple treatments are usually
combined with CDK inhibitors.

Micritouble Inhibition:

Microtubule inhibitors are a type of
chemotherapy that affects cell division (mitosis).
The pharmacological action of Taxanes prevents
microtubule breakdown, thus inhibiting cancer
cell division. Due to their widespread tumor-
fighting  properties, these drugs show
effectiveness against numerous cancers. Plant-
derived Vincristine prevents tubulin protein
from properly arranging itself in microtubules.
The cellular division process is halted. The drug
Eribulin hinders microtubules from performing
normal functions to prevent cell division.
Although it is not classified as a taxane drug, it
shares biochemical mechanisms that slow tumor
development.

Multiple studies demonstrate the enhanced
effectiveness of these medications through their
utilization with other chemotherapy and
immunotherapy treatments. Laboratory
research found that eribulin stops the activation
of AKT, which acts as a protein responsible for
cancer expansion. Leukemia tumors underwent
greater growth suppression in laboratory
studies and mouse trials when eribulin was
administered alongside everolimus, which
inhibits the mTOR pathway. The convergent
therapy demonstrates the potential to address
refractory triple-negative breast cancer (TNBC)
since this form of cancer proved
difficult to treat. Recent studies have shown that
combining microtubule inhibitors like denibulin
with other targeted therapies, such as mTOR
inhibitors (e.g., everolimus), can enhance
treatment effectiveness. This combination
works by targeting multiple pathways that
cancer cells rely on for survival, making it a
potential strategy for treating refractory TNBC
(TNBC that does not respond to standard
treatments. Eribulin + Everolimus: In preclinical
studies, this combination has synergistically
inhibited tumor growth by disrupting both the
microtubule dynamics and key survival
pathways in cancer cells, such as the
AKT/mTOR pathway.

PARP Inhibitors:
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The enzyme PARP (Poly ADP-Ribose
Polymerase) is an essential component for
fixing damaged DNA strands. The enzyme
facilitates DNA single-strand break repair
mechanisms to prevent unrepaired DNA's
destructive impact, ultimately leading to cell
death. The repair mechanism of damaged DNA
becomes  blocked by PARP inhibitor
medications. Acute DNA damage accumulation
in cancer cells disables their self-repair
capabilities until their death occurs. PARP
inhibitors prove most efficient for cancers that
already have problems with DNA repair, such as
those carrying BRCA gene mutations. PARP1
functions as an enzyme that repairs DNA
damages that occur inside cells. The enzyme
belongs to a group that corrects DNA mistakes
through multiple repair techniques. Individual
DNA bases receive proper repairs through Base
excision repair mechanisms.

Nucleotide excision repair Fixes larger sections
of DNA damage. Mismatch repair functions as a
DNA correction method that fixes errors
emerging from incorrect base pairings. PARP1
employs its enzymatic process to repair single-
stranded DNA  breaks through  DNA
modifications using poly ADP-ribose (Figure 3
shows this process). DNA replication stall
happens when DNA breaks occur in
combination with nonoperative PARP1 enzyme,
particularly during the DNA replication phase.
The DNA strands build up double-stranded
breaks because of this process. Homeologous
recombination (HR) serves as the normal
mechanism to repair double-stranded DNA
breaks  through  error-free  procedures.
Tamamoro proteins called BRCA1 and BRCA2
direct the DNA repair process by fixing DNA
breaks to achieve proper DNA repair. The PARP
inhibitor therapy demonstrates potential
benefits for Triple-Negative Breast Cancer
treatment but becomes challenging to
implement in some clinical situations. The
cancer cells in TNBC demonstrate limited
response to PARP inhibitors and eventually
become resistant to them. The research
community investigates strategies to pair PARP
inhibitors.

EGFR-targeted therapies:

EGFR (Epidermal growth factor receptor) is a
protein on the surface of many types of cells,

Bull. Pharm. Res. 2025;15(S2)

including some cancer cells. When activated,
EGFR stimulates several pathways inside the
cell that promote cell division, survival, and
growth. In certain cancers like TNBC, EGFR is
often overexpressed, meaning there are more
of these receptors than normal, which leads to
uncontrolled cell growth. Targeting EGFR
represents a possible therapeutic approach for
Triple-Negative Breast Cancer since specific
TNBC tumors exhibit elevated expression of
Epidermal Growth Factor Receptor protein at
their cell surfaces. TNBC tumors with elevated
expression levels of EGFR demonstrate worse
prognosis, together with more aggressive
behavior among tumor cells. EGFR (Epidermal
Growth Factor Receptor) is higher in many
types of cancers, including Triple-Negative
Breast Cancer (TNBC). Studies have shown that
40-60% of TNBCs have higher levels of EGFR.
In 18% of these cases, the EGFR gene is even
more active. However, EGFR mutations
(changes in the gene itself) are rare in TNBC. In
October 2010, researchers first discovered that
EGFR could be a potential target for treatment
in women with TNBC, offering a new direction
for therapy. Tumors affected by Triple-Negative
Breast Cancer present elevated levels of EGFR
protein, which contributes to cellular growth.

In 18% of these cases, the EGFR gene becomes
active. Somatic mutations of the EGFR gene
occur only exceptionally in cases of Triple-
Negative Breast Cancer. In October 2010, the
scientific community discovered that the EGFR
receptor presented a therapeutic opportunity
for TNBC patients. Gefitinib is an EGFR-
blocking medication that inhibits cancer
growth by stopping protein activity.

Adoptive cell therapy (ACT):

The presence of immune cells called T cells
inside tumors of patients with triple-negative
breast cancer determines their expected
clinical outcome. Because T cell stimulation
shows promise for TNBC therapy, adoptive cell
therapy (ACT) is a favorable treatment option.
Adoptive cell therapy includes CAR-T therapy
and T cell receptor (TCR) and tumor-
infiltrating  lymphocyte therapy as its
therapeutic methods. All these treatments
function identically by extracting T cells from
patients who undergo laboratory modification
to enhance cancer cell recognition before
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medical reintroduction for fighting the cancer.
Medical professionals extract T cells from
patient blood before restoring their genetic
structure to create cells with chimeric antigen
receptors (CARs). With CARs installed onto T
cells, they detect cancer antigens expressed by
surface proteins of cancer cells. Professionals
use modified T cells that expand in large
numbers before returning them to the patient
to fight cancer cells. Medical practitioners
genetically modify T cells to receive specific T-
cell receptors (TCRs), which grant them the
ability to detect tumor-specific antigens in TCR
therapy. The engineered T-cell receptors
(TCRs) are built to detect proteins located on
cancer cell surfaces so T cells can identify and
eliminate the malignant cells as a form of
treatment. The research study focuses on
finding the optimal TCRs capable of identifying
unique tumor antigens found within TNBC
Medical professionals merge special T-cell
receptors (TCRs) to the patient's T cells during
TCR therapy. The modified T cells receive new
T-cell receptors, which enable them to detect
surface proteins of cancer cells. The T cells
returned to patients possess the ability to
recognize and destroy cancer cells after
medical modification. Scientists research
which T-cell receptors will detect unique
markers on triple-negative breast cancer
(TNBCQ).

Epigenetic modifications inhibiting:

Epigenetic modifications are essential in
regulating gene expression, which can affect
how cancer cells behave. In triple-negative
breast cancer (TNBC), these modifications can
prevent specific genes from being activated,
making the tumor more challenging to treat.
However, targeting these modifications could
be promising to improve treatment outcomes.
The process of gene expression control
through epigenetic alterations includes
modifications of DNA (such as DNA
methylation) as well as modifications to
histones (including histone deacetylation and
lactylation). Medical researchers examine
these modifications because they might
enhance the response of TNBC hormone-
negative patients to traditional hormone-
targeted therapies. In some TNBC cases, the
"turned off" state of the estrogen receptor (ER)

Bull. Pharm. Res. 2025;15(S2)

occurs because of these modifications that
exist within the cells. Demethylating inhibitors
(such as decitabine) and HDAC inhibitors act as
drugs that strip off modifying chemical groups
from genes to make the estrogen receptor
functional again and, therefore, suitable for
hormone therapy. TNBC patients could gain
new treatment prospects through this
therapeutic method known as epigenetic
therapy. Decitabine functions as an FDA-
approved medication to block DNA
methylation while demonstrating effective
treatment of blood cancer diseases. Breast
cancer research indicates positive results from
this therapy, yet more clinical trials need to be
conducted because of limited participant
numbers. A  clinical trial designated
NCT04722978 evaluates the therapeutic effect
of combining decitabine and moxifloxacin with
gemcitabine and carboplatin for treating
advanced TNBC.
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ABSTRACT:

This study focuses on formulating and evaluating herbal shampoo tablets as an eco-friendly and convenient
alternative to conventional liquid shampoos. The tablets contain natural ingredients such as Ashwagandha,
Shikakai, Reetha, and Methi, which provide cleansing, conditioning, and antimicrobial benefits. These
ingredients were combined with super disintegrants and essential oils to ensure effective lathering and ease
of use. The formulation was developed using a direct compression method, and various batches were
evaluated based on physicochemical properties, including hardness, friability, foamability, disintegration
time, and pH balance. The optimised batch exhibited superior foaming ability, effective washability, and
desirable mechanical properties. The study concludes that shampoo tablets offer a sustainable, travel-friendly,
cost-effective alternative with potential antifungal benefits for scalp health.
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Introduction: Material
Neuherbs, Uttar Pradesh, supplied

Ashwagandha, Reetha, Shikakai, and Methi.
Spectrum Chemicals supplied MCC. The research
laboratory supplied Crospovidone,
Croscarmellose sodium, Sodium starch glycolate,
and Avicel. Milton Chemicals supplied Carbapol.
Loba Chemie supplied carboxymethyl cellulose,
and Dr. Jains supplied essential oil.

Shampoo bars are a more sustainable and
convenient option than traditional liquid
shampoos. Raspberry, lavender essential oils,
and coconut or palm oil extracts are some of
the ingredients found in these herbal tablets,
and as a result, help in the nourishment and
cleansing process. Lightweight and very easy
to use, these tablets can be mixed with water
to create a lather or applied directly onto the
hair. These tablets also work as a conditioner

1. Method:

since cocoa and shea butter are effective in
moisturising and softening the hair. Active
herbs like rosemary, lavender, chamomile,
nettle, and non-stripping surfactants work
best to help achieve antibacterial effects (1.2,
In addition to being cost-effective, shampoo
tablets offer a longer shelf life, are
preservative-free, and require minimal
packaging. As a result, they are much easier to
transport. Due to the lack of known sideeffects,
they are a more practical option. The
proprietary blend consists of Shikakai,
Ashwagandha, methi, and soapnuts, all
combined with super disintegrants and

Preparation of powder:

Preparation of Ashwagandha powder:
Ashwagandha powder was taken from the market
and passed through a sieve. 80, then fine powder
of Ashwagandha was collected [12].

Preparation of Shikakai powder:

Shikakai powder was taken from the market and

passed through a sieve. 80, and then the fine
powder of it was collected!]
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and passed through a sieve. 80, then fine
powder of

Reetha was collected [4-

Preparation of Methi powder:

Methi powder was taken from the market and
passed through a sieve. 80, then the fine
powder of Methi was collected 4!

1. Preformulation study:
A study was performed, which included Bulk
property [5]

Bull. Pharm. Res. 2025;15(S2)

Preparation of Herbal shampoo tablet:
Herbal shampoo tablets were prepared using
the direct compression method. In this
method, the tablets were compressed
directly from the mixture by a tablet
compression machine using a 9mm punch
(711, All  the quantities of ingredients are
selected based on the literature review

Table 1: Formulation Table of Batches

2.
INGREDIENTS Al A2 A3 A4 A5 Role of
Excipient
ASHWAGANDHA(mg 200 20 20 200 160 Controls
) 0 0 hairfall
SHIKAKAI(mg) 200 20 20 200 160 Natural
0 conditioner
REETHA(mg) 200 20 20 200 160 Detergent
0 0 and
antidandruff
METHI(mg) 200 20 20 200 100 Antifungal
0 0
CROSPOVIDONE(mg) 16 16 16 90 90 Disintigrant
CARBOPOL(mg) - 16 - - - Gelling agent
-SODIUM - - 16 - - Disintigrant
STARCHGLYCOLATE
(mg)
POLYACRYLIC - - - 16 - Swelling
POTASSIUM (mg) agent
CROSSCARMELLOSE(mg - - - - - Disintigrant
)
CARBOXY - 1 - - Binder
METHYLCELLULOSE 5
SODIUM(mg)
AVICEL(mg) - - - - - Binder
ESSENTIAL OIL - q.s q. q q Flavouring
s . . agent
S S
MICRO  CRYSTALLINE - - - 9 9 Binder
CELLULOSE(mg) 6 6
TOTAL(mg) 636 816 8 9 7
1 8 6
3 6 6
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Table 2: Preformulation of batches

ASHWAGA SHIKA
PARAMETE R NDHA KAI REET METHI
HA
Bulk Density (g/ml) 0.486+0.015 0.48+0 0.476 0.491+0.
.01 +0.02 007
Tapped Density(g/ml) 0.706x0.01 0.67+0 0.66% 0.73+0.0
.02 0.01 1
Hausner Ratio 1.42+0.02 1.34+0. 1.32 1.456+0.0
(kg/cm)2 01 3+0. 1
02
Carr’s Index (%) 29.43+0.15 25.30+ 25.3 4.45+0.04
0.08 3+0.
03
Table 3:Characterization of herbal shampoo tablet:
PARAMETE R Al A2 A3 A4 A5
Color Bro Brown Bro Brown Brown
wn wn
Wash ability Go Good Av Poor Good
od era
ge
g?;c“rﬁszs) 3.4 336 ;é 3.5+0.1 3.06+0.15
33 0.15
+
+
(1)'1 0.2
3
Foam Les Best Bes Poor Best Foam
S foam t
foa foa
m m
Friability (%) 1.7 0.98+0.0 0.6 1.06 + 0.02 1.86+0.01
7+ 1 1+
0.1 0.0
1 3
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Characterization of herbal shampoo tablet:

Organoleptic Properties:

Physical characteristics like colour and odour
were assessed for the prepared herbal
shampoo tablets.

Hardness test:

The Monsanto Hardness tester measures a
tablet's hardness, or its ability to withstand
mechanical shock. Three to five tablets were
selected at random from each batch, tested for
hardness, and the results noted. Tablet

hardness is typically between 3 and 5 kg/cm?2
[8,9]

Thickness:

A Vernier calliper was used to measure the
tablets' thickness. The thickness of the tablet
should not exceed * 5 mm, and micrometres
are used to express it [89],

Friability:

The friability of the tablets was assessed using
a friabilator. The tablets were weighed and the
friabilator was turned on. The count key was
set to 100, and the test was conducted using a
time adjustment corresponding to the count.
The rotation was started after the tablets were
inserted into the rotating chamber. After
completion, the tablets were collected and
weighed. For the friability test, ten tablets
were randomly selected from each batch. The
weight loss of the tablets was required to
remain within 0.5 to 1% of their initial weight.

Weight variation test:

20 tablets of each formulation were taken.
Using an electronic balance, each tablet was
weighed separately. The average weight was
then determined, and the deviation was noted
by comparing it to the average value. It is
recommended that the weight variation limit
not surpass +7.5% 8,91

Formula:

% of Weight variation = Individual Weight
Average Weight/Average Weight* 100

Foam Ability:

A 100 ml cylinder was filled with 50 ml of
water, and the tablet was dropped inside. The
cylinder was covered with a hand and shaken
thoroughly for a few minutes. The volume of
the foam produced was then measured [10].
Washability:

The herbal shampoo tablet's washability was
assessed by applying the formulation to the
skin, washing it with water, and then manually
checking it [10],

Irritation test:

When creating medications and cosmetics,
skin irritation tests are crucial. The
formulation was applied to the 1 sq. cm dorsal
skin surface of the left hand, and the symptoms
of edema, redness, and irritation were
monitored for 1-2 hours 891,

pH:

To prevent skin irritation, the herbal shampoo
tablet's pH was adjusted to match that of the
skin. A 1% aqueous solution of the formulation
was prepared, and a calibrated digital pH
meter was used to measure it at a constant
temperature [10],

RESULT:
PREFORMULATION STUDY
In all the sample, 3 readings were taken

and the standard error of mean was
calculated on ms Excel.

Figure 1: Appearance of tablets

DISCUSSION:

This study explores the development and
evaluation of herbal shampoo tablets as a
sustainable and travel-friendly alternative to
conventional liquid shampoos. The research
highlights eco-friendliness, cost-effectiveness,
and natural ingredient benefits, making
these tablets an

innovative solution in personal care.

The shampoo tablets are made from herbal
components such as Ashwagandha, Shikakai,
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Reetha, and Methi, which are known for their
cleansing, conditioning, and antimicrobial
properties. Essential oils and super
disintegrants have also been added to enhance
usability. The direct compression method
ensured a straightforward and effective
production process. Various formulations
(A1-A5) were developed and tested for
optimal characteristics. The study assessed
hardness, friability, = foaming  ability,
disintegration time, and pH balance. The
optimised batch (A5) exhibited the best
foaming and washability properties, making it
the most effective formulation.[6] Foamability
is essential for a good cleansing experience,
and the optimised batch provided high
foaming action. Washability ensures no
residue remains after rinsing. In the
Disintegration test, the best formulation
disintegrated within 40 seconds, improving
ease of use. pH Balance is maintained at 7.5-
7.66, ensuring scalp compatibility and reduced
irritation. None of the batches showed signs
of irritation, proving skin-friendliness.[8]

CONCLUSION

The study successfully formulated and
evaluated herbal shampoo tablets, offering a
promising  alternative to conventional
shampoos. The optimized batch exhibited
superior foaming, ease of wuse, and
antimicrobial ~ benefits, making it a
sustainable and practical option for modern
consumers. Further research and
commercialization can help enhance its
market potential.
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Abstract

The research explores the development and assessment of an herbal facewash and exfoliating tablet as a natural
alternative to traditional facewash products. Conventional face washes often come in liquid or gel forms,
requiring preservatives and larger packaging, making them less convenient for travel and storage. This research
aims to develop a compact, preservative-free, and portable facewash tablet using natural herbal ingredients with
beneficial skin properties. The formulation incorporates coffee, green tea, guava leaf, cinnamon, lentil legume,
and menthol powder, known for their antioxidant, anti-inflammatory, and antibacterial properties. The tablet
was developed using the direct compression method, and different batches were optimised based on foaming
ability, washability, hardness, friability, and pH balance. The optimized batch (F8) demonstrated excellent
foaming and cleaning properties, making it a suitable alternative to traditional facewashes. Furthermore, in vitro
antibacterial studies confirmed the tablet's effectiveness against Candida, Pseudomonas aeruginosa, and
Staphylococcus aureus, indicating its potential for acne treatment and skin cleansing. The study also included a
melanocyte assay to assess its impact on skin pigmentation. Stability tests were conducted under ICH guidelines
to ensure the tablet's durability. This research successfully introduces a herbal facewash tablet that is cost-
effective, travel-friendly, and enriched with natural skin-enhancing properties, addressing the limitations of
conventional facewash products.
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Introduction

A facewash, a "cleanser," is designed to cleanse
the face without stripping its natural moisture. It
is suitable for all skin types and effectively
removes dirt, oil, and impurities while providing
hydration, particularly for dry skin. [1]

Facewashes are available in different

formulations, like gel, powder, cream, and liquid.

1. Gel-based face wash usually works well for oily
skin types.

2. Foam-based face wash is restricted to oily or
combination skin.

3. Gel-based face wash and creamy cleanser work
best for dry skin. [2]

Synthetic and Conventional face washes (Gel,

Foam, Powder, cream) have drawbacks:

1. The product is typically packaged in large,
collapsible tubes or plastic containers.

2. It can be challenging to carry during travel due

to its size and packaging.

3. The formulation's aqueous nature requires
adding preservatives to maintain its shelf life.

4. The product tends to have lower stability,
affecting its effectiveness over time.

This research aims to overcome the challenges
associated with conventional and synthetic
facewash products.

The use of herbal facewash tablets provides
various benefits, such as:

1. Minimizing the cost

2. Minimized packaging size

3. No utilization of preservative

4. Easy transport

Herbal compounds and excipients like
surfactants, super disintegrant and gelling
agents are used in the formulation. The herbal
ingredients selected were green tea, cinnamon,
lentil legume, coffee, guava leaf and menthol
powder. Combining the above herbal effects is
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used to clean the skin. 3]
Herbal excipients used in the formulation of
facewash tablet [4]

1. Green tea contains vitamin E, which provides
nourishment and hydration, as a moisturising
agent, reducing dark spots and minimising skin
irritation. Itis also valuable for reverse sunburn.
[5]

2. Cinnamon treats hyperpigmentation and
acne. It has an anti-ageing component and is
also known to lighten the skin.

3. Lentil legumes contain vitamin C, which acts
as an antioxidant.

4. Coffee contains vitamin B3, which treats dark
circles and has anti-ageing properties. It also
reduces cellulite formation.

5. Guava leaves treat inflammatory acne, scars,
spots, and pigmentation and are useful for
uneven skin tone.

6. Menthol powder has a cooling effect on the
skin when sunburned.

¢ Herbal cosmetics have become increasingly
popular because they are made entirely from
herbs and plants, offering a natural alternative
with minimal side effects. These products
nourish the skin with essential nutrients and
beneficial minerals. As a result, there is a
growing demand for natural, herbal, and
organic beauty products, creating new
opportunities for manufacturers to innovate
and develop products that align with consumer
preferences.

e Most herbal formulations enhance beauty
safely and improve consumer satisfaction, as
they are free from synthetic chemicals and tend
to have fewer side effects than conventional
cosmetics.

e Currently, facewashes on the market are
typically available in gel or cream forms, which
are often packaged in large, collapsible tubes or
plastic containers. This packaging can make it
inconvenient for consumers to carry the
products while traveling.

¢ One of the main challenges with facewashes is
their aqueous nature, which requires the use of
preservatives to maintain their stability and
effectiveness.

* The tabletting technique can be employed to
produce facewash products more efficiently and
conveniently, reducing costs, packaging size,
and the need for preservatives.

Bull. Pharm. Res. 2025;15(S2)

Materials And Method:

The formulation for this study includes a variety of
natural ingredients, each selected for its specific
benefits. The materials used are coffee (sourced
from Tata Coffee), lentil legume (supplied by
Natures Root), green tea (provided by Lipton),
guava leaf (obtained from Natural), cinnamon
(from Milagro Farm Co.), menthol (supplied by
Kelvin Natural Mint Pvt. Ltd.), and cocoa powder
(sourced from Athos Chemical). These ingredients
serve different roles in the formulation, with coffee,
lentil legume, green tea, guava leaf, and cinnamon
acting as active pharmaceutical ingredients (APIs).

Formulation of facewash tablet:

Preparation of powder:

a) Preparation of Coffee powder:

Seeds of coffee were crushed in mortar by pestle to
coarse powder and the powder was collected.

b) Preparation of Guava leaf powder:

The guava leaves were dried in a hot air oven at
50°C for 30 minutes. Grinded into mortar & pestle
to fine powder. The powder was passed through
sieve 80 and collected.

c) Preparation of Cinnamon powder:

Cinnamon powder was taken from market and
passed through sieve no. 80 then fine powder of
Cinnamon collected.

d) Preparation of Green tea powder:

Green tea powder was taken from market and
passed through sieve no. 80 then fine powder of
green tea was collected.

e) Preparation of Menthol powder:

Menthol was crushed in mortar and pestle to fine
powder. The fine powder was passed through sieve
no.80.

Preparation of facewash tablet:

The facewash tablets were prepared by using the
direct compression method, where the active
ingredients and appropriate excipients (such as
fillers, disintegrants, and lubricants) were directly
compressed into tablets. These powder blends
flowed uniformly into the die cavity and were
formed into a firm compact using a 9mm punch. @

Pre-formulation study

To evaluate the material's properties, bulk
characterization was performed, which
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included measuring key parameters such as
bulk density, tapped density, Hausner’s ratio,
compressibility index, and angle of repose.
These tests provide important insights into the
flowability, compatibility, and overall behaviour
of the material during processing.

Procedure for formulation:

1. The herbal ingredients were weighed,
including coffee, green tea, guava leaves,
cinnamon, and menthol.

2. Excipients such as Carbopol, SLS, and SSG
were weighed.

3. Additional ingredients, including MCC, starch,
cross-carmellose, span, sandalwood powder
(used as an odorant), and cocoa powder (used
as a coloring agent), were weighed in varying
concentrations according to the batch
requirements.

4. All ingredients were mixed in a mortar and
pestle and triturated to form a fine powder.

5. The triturated mixture was weighed and
prepared for compression.

Composition of facewash tablet:

Table no.1: Composition of facewash tablet

Constitue |F |F |F |F |F|F |F |F8
nt 112|3|4|5|6 |7
Coffee 1 (11|11 |1|1 |1 |10
1 (110|131 |1 |%
% | %| %| % | %| % | %
Lentil 1 (111|5|1|6 |6 |6
legume 11110|%|3|%|%|%
% | %| % %
Cinnpamo (9 (9|5 |2 |7 |3 |3 |2

n % | %| % % | %| % | % | %

Guava 1111|7516 |6 |4

leaf 1 (1% %|0]|% |%|%
% | % %

Greentea|1 |1 |55 |1|6 |6 |6
1 (1% %|0|%|%|%
% | % %
Menthol |5 (2|11 |1 |1 |1 |1
% | %| % % | %| % | % | %
Carbopol (1 (1|1 (|1 |1]|1 |6 |6
1 (142 (8|0 |%|%
% | %| %| % | %| %
1 (112 (|2|1 |2 |23
5(5(3[4 (0|4 |0 |%

SLS
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% | %| %| % | %| % | %
SSG 112132 |- ]- 2 |24
510[015 4 | %
% | %| %| % %
MCC - /-|1{11]-1(1 |1 |10
010 0 |0 |%
% | % % | %
Starch - - - 18- - -
%
Croscarm | - |- |- |- |- |2 |- -
ellose 4
%
Span R R O I
0
%
Sandalwo | - |- |- |- |- |- 6 |-
od %
powder
Coco EE I BT R N 12
powder %

Characterization of facewash tablet:

(1) Physical evaluation:

The physical evaluation of the formulated facewash
tablets included assessing parameters such as colour
and appearance. (2)

(2) Hardness test:

The hardness of the tablets was measured using a
Monsanto Hardness Tester, which determines the
tablet's ability to withstand mechanical shock. The
hardness is expressed in Kg/cm?. For each batch, 3
to 5 tablets were randomly selected and tested, and
the values were recorded. The average hardness of
the tablets ranged from 3 to 8 Kg/cm?. ()

(3) Thickness:

The thickness of the tablets was measured using a
Vernier calliper, with the acceptable range being
within #5mm. The measurement was recorded in
micrometres. (2)

(4) Friability:

The friability of the tablets was determined using a
friabilator. First, the friabilator was switched on,
and the tablets were weighed. The count was
adjusted to 100 by pressing the count key, and the
test was performed for the specified time. The
tablets were placed in the rotating chamber, and the
rotation was started. After completion, the tablets
were collected and re-weighed. For the friability
test, 10 tablets were randomly selected from each
batch. The loss in weight should not exceed 0.5-1%
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The formula used to calculate friability is:
(Initial Weight-Final weight)/Initial weightx10
0.r21
(5) Weight Variation:
For the weight variation test, a total of 20 tablets
were randomly selected from each formulation.
Each tablet was weighed individually using an
electronic balance, and the average weight of the
tablets was calculated. The deviation of each
tablet’s weight from the average was then noted.
The weight variation must fall within a range of
+7.5% to ensure consistency. The weight
variation for each tablet was calculated using the
formula:
%Weight Variation=(Individual Weight-Average
Weight) Average Weightx100 @
(6) Foam Ability:
The foamability of the formulation was evaluated
n irritation testing is an essential step in
developing pharmaceuticals and cosmeceuticals.
For this test, the formulation was applied to a 1
cm? area on the dorsal surface of the left hand.
The site was then monitored for any signs of
irritation, including redness and swelling
(oedema), at 1 to 2 hours intervals. This process
helps to assess the potential for skin irritation
and ensures the formulation is safe for use. @
(9) pH:
To minimise the risk of irritation, the pH of the
facewash tablet was carefully adjusted to align with
the skin’s natural ph. A 1% aqueous solution of the
formulation was prepared, and the pH was
measured using a calibrated digital pH meter,
ensuring the test was conducted at a consistent
temperature for accuracy. (2)
10) In Vitro Antibacterial Study:
The facewash tablet's antibacterial activity was
tested using the agar-well diffusion method against
(11) Study Melanocyte Assay:
Skin pigmentation was primarily determined by
the production of melanin by melanocytes in the
epidermis. The activity of these melanocytes, along
with the type and distribution of melanin, plays a
key role in the variation of skin colour. Darker
melanin helps protect the skin from the harmful
effects of ultraviolet (UV) radiation, such as
photoaging and the development of skin cancer. UV
exposure stimulates melanocytes to produce more
melanin, leading to a deeper skin pigmentation or
“tanning.”

3. Result and Conclusions

Bull. Pharm. Res. 2025;15(S2)

using the cylinder shake method. To do this, 50 ml
of water was placed in a 250 ml cylinder, and a
tablet was added. The cylinder was then covered
with a hand and shaken vigorously for several
minutes. After shaking, the volume of foam
produced was measured to assess the foam's
ability. [21

(7) Washability:

The washability of the facewash tablet was
evaluated by applying the formulation to the skin
and rinsing it off with water. After rinsing, the
effectiveness of the washability was assessed
through a visual inspection of the skin to
determine how thoroughly the product was
removed. (2)

(8) Irritancy test:

Ski

Candida, Pseudomonas aeruginosa, and
Staphylococcus aureus. This method is commonly
used to assess the antimicrobial properties of plant
or microbial extracts, like the disk-diffusion
technique.

1. The surface of the agar plate is inoculated by
evenly spreading a microbial inoculum (such as
Candida, Pseudomonas aeruginosa, or
Staphylococcus aureus).

2. A well measuring 6 to 8 mm in diameter is then
aseptically created using a sterile cork borer ortip,
and 20-100 pL of the antimicrobial agent or extract
solution at the desired concentration is added to
the well.

3. The agar plates are incubated under appropriate
conditions based on the tested microorganism.

4. As the antimicrobial agent diffuses through the
agar, it inhibits the growth of the microbial strain
in the surrounding area. (6]

Six rats Rats (180-220 g) were selected. Rats were
divided into two groups; each group contained 3
rats. One group was a testing group, and the other
was the control group. The dorsal fur was removed.
A facewash tablet was applied on the rat skin and
gently scrubbed with cotton. The procedure was
repeated 3 or 4 times. The animals were sacrificed
with an overdose of anaesthesia, and the skin of the
rat was isolated. The isolated skin of rats was
examined and evaluated for the presence of
melanocytes after applying a facewash tablet and
compared with the standard.
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Table no.2: Pre-formulation study of individual

Preformulation study of herbal ingredients indicated good flow properties of facewash tablet (Table 2).

Parameters|Coffee Lentil Cinnamon (Guava leaf |Green tea [Menthol Mixture of

legume ingredient
s

Bulk 0.452+0.045(0.60+0.060(0.357+0.03 |0.48+0.048|0.33+0.03 |0.66+0.06|0.375+0.037

density 5

(g/ml)

Tapped 0.513+0.053|0.5+0.005 |{0.5+0.005 [0.65+0.06 [0.37+0.03 |0.8+0.08 |0.6+0.06

density

(g/ml)

Hausner |1.13+0.11 [1.43%#0.0141.4+0.014 [1.35+0.013|1.12+0.11 [1.2+0.12 |1.62+0.16

ratio

(kg/cm)

Carr’s 11.8+0.11 [29.5+0.29 40+0.04 [26+£0.26 |10.81+0.10(17.5£0.17(33+0.33

index (%)

Angle 0fl26.56° 26.50° 30¢ 33e 28.3° 28.4- 250

repose

Flow good good good fair good good excellent

property

Formulation and optimization of facewash tablet:

Table No.3: Composition of facewash tablets

Constituents F1 F2 F3 F4 F5 F6 F7 F8
Coffee(mg) 100 100 100 100 100 100 100 90
Lentil legume(mg) 100 100 100 50 100 50 50 50
Cinnamon(mg) 50 50 50 25 50 25 25 20
Guava leaf(mg) 100 100 70 50 70 50 50 35
Green tea(mg) 100 100 70 50 70 50 50 50
Menthol(mg) 36 20 5 5 5 10 5 5
Carbopol(mg) 130 130 130 100 130 85.5 50 50
SLS(mg) 150 150 150 220 150 128 220 210
SSG(mg) 170 200 285 237 - - 237 227
MCC(mg) - - 96 96 - 85.5 96 96
Starch(mg) - - - - 57.9 - - -
Cross Carmellose(mg) - - - - - 213 - -
Span(mg) - - - - - 85.5 - -
Sandalwood Powder(mg) - - - - - - 100 -
Coco Powder(mg) - - - - - - - 100
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Figure 1: Appearance of tablets
Parameter | F1 F2 F3 F4 F5 F6 F7 F8
Color Brow | Light | white white Light white Red Dark
n brown brown brown
Washability | Good | Good Good Bad Bad Good Good Excellent
Hardness 4+04 | 4.1+0.4| 3.5+0.3 | 3.9+0.3 3.5+0.3 3.0+0.3 3.0+0.3 | 3.0+0.3
(Kg/cm?)
Friability 0.59+ | 0.64+0.| 0.70+0.0 | 0.61+£0.06 | 0.73+0.07 | 0.73+0.07 | 0.71+0.0 | 0.63+0.06
(%) 0.05 06 7 7
Thickness 7.3+0. | 7.5+0.0 | 7.4+0.07 | 7.2+ 6.5+ 6.8+ 7.21+0.0 | 7.21+0.07
(mm) 073 7 0.07 0.06 0.06 72
pH 6 6 6 6 6 6 6 6
[rritancy No No No No No No No No
test Irritat | Irritati | Irritatio | Irritation | Irritation | Irritation Irritatio | irritation
ion on n n
Table No.4: Characterisations of facewash tablets
Batches F1 to F8 were evaluated and complied Batches Foaming
with industritall standards. . for  various property
pa.\rar.n.eters. like WaShé.lbllllty, hardness, F1 Small amount
friability, thickness, pH and irritancy test (Table of foam
4) F2 Small amount
Formulated batch F8 has good foam and of foam
washability properties, so F8 is the F3 Good  amount
optimised batch of facewash tablet of foam
F4 Good amount
(Table 5 and Figure 2) of foam
. F5 Very small
amount foam
F6 Very small
amount offoam
F7 Good amount
of foam
F8 Excellent foam
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Table no.5: Foaming of formulation
(F1-F8)
Antibacterial activity of the prepared
optimised  facewash tablet was
evaluated against the following bacteria
and fungi:

1. Candida albicans

2. Pseudomonas aeruginosa
3. Staphylococcus aureus
Figure 2: Foam formed by Facewash The antibacterial activity revealed that
tablet formulation the facewash tablet kills bacteria and
stops bacterial growth. The antibacterial
Parameters Observation property of the facewash tablet would
— help in treatment of acne (Table 7 and
Foaming index 2.5 figure 3). (8)
Weight variation 0.03% Fig 3. Antimicrobial activity of
facewash

Table no. 6: Foaming index and weight
variation of optimised batch

Foaming index and weight variation of
optimized batch were within range as
per industrial standards (Table 6).

In-vitro anti-bacterial study:

Table no.7: Zone of inhibition of

facewash tablet 4. Melanocyte assay
The present study investigates the
S Microb Zone of Inhibition change in melanin number present in
r. es the epidermis layer of the skin of rats
N after applying a face wash tablet on the
o skin. (10)
1 Candida 14+3mm By comparing the melanin
2 Pseudo 13+2mm concentration between treated and
monas normal skin, the reduced number of
aerugin melanocytes indicated exfoliating action
osa of facewash tablet.
3 Staphyl 11+ 2mm
ococcus
aureus
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Table No.8 Results of Melanocyte

Bull. Pharm. Res. 2025;15(S2)

Sr. Code

Observations of Skin

Qualitative assessment

No. dermis and epidermis of melanocyte numbers
in the epidermis layer
1 NC Normal layers of dermis Regular and adequate

and epidermis with an
intact epithelial layer.

numbers of melanocytes in
the epidermal layers.

2 Test Normal layers of dermis Reduced  number  of
and epidermis with an melanocytes in the
intact epithelial layer. epidermal layers
compared to  normal
control groups.
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ABSTRACT:

Herbal therapy is now widely accepted as an adjunctive treatment for several illnesses. More than
1,200 kinds of medicinal plants are used in the ancient practice of a perhaps of the ancient
medical systems. Medicinal plants are essential to medication development and contemporary
healthcare, as around 80% of people on the planet continue to utilize traditional medicine.
Standardization, efficacy assessment, and regulatory compliance are still issues, nevertheless.
Strict pharmacovigilance is necessary to ensure the safety and effectiveness of herbal drugs, even
though they are manufactured from natural sources. The quality and manufacturing have been
enhanced by biotechnological developments such as biological engineering, cultivation of plant
tissues, and genetic engineering. Technologies such as omics and DNA fingerprinting aid in the
discovery and improvement of therapeutic plants. India incorporates herbal medicine under
AYUSH system; however other nations regulate it differently. Obstacles include inconsistent
regulations, problems with quality control, and in certain places, their designation as nutritious
items. Prospects for the future focus on sustainable procurements of medicinal plants, combining
innovation with traditional knowledge, and using nanotechnology to improve medicine delivery.
Promising advancements are made possible by technologies including CRISPR and based on
artificial intelligence drug discovery. For worldwide adoption, ethical issues pertaining to
effectiveness, safety, and commercialization are still very important. The scientific, financial, and
legal obstacles to increasing the use of herbal remedies in healthcare are examined in this article.
Key words: DNA Fingerprinting, Genetic Engineering, Biotechnology, Omics Technology.
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I .INTRODUCTION:
Fig 1: Medicinal Plant

Herbal medicine has recently gained a lot of attention
as an alternative medicine that can help treat or
prevent lifestyle-related disorders. Ayurveda, which
translates to "science of long life," is believed to have
begun approximately 6,000 years ago and was
developed to promote optimal health and a longer
lifespan rather than to treat illness. It was practiced
by doctors and surgeons(called bheshaja or
Vaidya).the terms” ayur” and “ veda ” make up the
term “ayurveda”. Veda represents science or wisdom,
while ayur signifies life. Therefore, ayurveda
describes how to stay healthy and treat illness. Herbs
are nature’s gift to humanity, enabling them to live
healthy lives free from illness. About 1200 plant
species, including cinnamon, about 100 minerals,
including sulfur in the environment, lead, zinc, with
sulfate of copper, alongside more than 100 dairy
products, including milk, bone and gallstones, are
included in the ayurvedic pharmacopoeia stated Crag
and Newman. Plants have been used to make a
variety of modern medications for numerous years.
Prior to the advent of synthetic pharmaceuticals,
humans relied entirely on plant-based medications
for their essential medical needs.[] of the roughly 4.5
million plant species known to exist in India, plant
with potential for healing are widely used in all facets
of Indian society, including as alternative treatments
in Siddha, Ayurvedic, and Unani medicine as well as
in went through pharmaceutical industry products.
In the pharmaceutical industry products. In the
pharmaceutical business, plant extracts or bioactive
components can be used to trat a range of ailments in
addition to developing novel drug formulations.
Herbal remedies like ashwagandha and brahmi can
improve immunity, regenerate body cells, increase
nutrients, and increase energy levels. Aromatic and
medicinal plants can
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contribute significantly to the improvement of rural
residents’ subsistence livelihoods,

particularly for women, in a way that is
environmentally friendly and preserves the
biodiversity of these natural products. According to
WHO, traditional medicine provides up to 80% of the
basic healthcare needs of people worldwide .. The
creation of homegrown medications and the
application of medicinal plants to treat a range of
illnesses have significant financial advantages. Most
people, especially those living in rural areas, are still
compelled to use traditional remedies for common
diseases because of a lack of modern medical
services, poverty, ignorance, and limited
communication options. One of the best things for
both individual and community health is medicinal
plants. Certain active chemical ingredients that cause
distinct physiological activity on the human body are
what give plants their therapeutic significance2!

As a result of improvements in surveillance of quality
and clinical research, plant- based medicinal active
constituents have become known as “people’s drugs”
because of their access, security and reliability
asserts, ease of preparation, and gradual replacement
of traditional treatment frameworks in many
countries. Due to the negative effects of
contemporary medications the inability of current
treatment to address chronic illnesses, and germ
resistance, herbal medicines have seen a notable
resurgence in popularity recently. The WHO claims
that many people use botanicals or medicinal
substances for basic health issues. Herbs, medicinal
preparations, processed and finished herbal
products, herbal materials and active ingredients are
all components of the remedy. [8] Making sure that
customers receive medication that ensures purity,
safety, potency, and efficacy is the regulatory bodies’
primary duty. Through statutory mandated good
manufacturing practices, the regulatory bodies
strictly adhere to the numerous quality standards
specified for raw materials and final products in
pharmacopoeias, formularies, and manufacturing
operations. It makes sense that these protocols ought
to be applicable to all kinds of medications, while
they are part of the conventional or modern medical
systems. These have made it necessary to create
contemporary, impartial criteria for assessing the
efficacy, safety, and quality of these medications.
Additionally, people are learning about the adverse
effects and potency. 4 The finest illustration of the
symbiotic phenomena may be found in nature.
Natural products derived from both plants and
animals serve as the foundation for illness therapy.
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India has a long history of using a traditional medical
system that is extensively recorded. India has a long
history of using species and plants for medical
purposes. Over 2000 species have a great potential
for use in AYUSH medications. Because they are less
expensive and safer, Ayurvedic medications are used
by the majority of individuals in development nations
who cannot afford pharmaceutical drugs. The phrase
“medical plants” refers to a wide variety of plant
species utilized in herbal medicine. It involves both
the application and research of plants for therapeutic
purposes.ll

II. OVERVIEW OF HERBAL DRUG DEVELOPMENT:
over the edges, humans have utilized plants and
natural items as sustenance and as remedies for
illnesses. although the exact beginning of the use of
plants as medicine is difficult to pinpoint, carbon
dating from ancient Babylon (Iraq) shows that plants
were cultivated for medicinal purposes 60,000 years
ago. In Greece and Asia minor, written records of
therapeutic plants date back at least 2,500 years,
while in India, China, and Egypt they date back about
5000 years.l6l The Rig-Veda, Atharvaveda, Charak,
and Sushrut Samhita are examples of classical Indian
writings. The rich histories of ancient culture and
scientific legacy are the source of traditional
medicines. Herbal remedies for age-related illnesses
including osteoporosis and memory loss, as well as
others like diabetic wounds, immunological and liver
problems, etc., are mentioned in ancient literature.
With a strong philosophical and experimental
foundation, Ayurveda is still one of the oldest and
most popular traditions in India, Shri Lanka, and
other nations. 171 Long before history was written,
plants were being utilized for therapeutic purposes.
According to papyrus records from ancient China and
Egypt, plants were used medicinally for as long as
3,000 BC. Others societies, such as Native American
and African communities, used plants in their healing
practices, while other civilizations developed
conventional healthcare systems that included herbal
treatments. In the west, the use of botanicals and
plant- based medications has grown significantly in
recent years. In the past 200 years, plant-based
medicines have dominated human medical practices.
However, when more predictable synthetic
medications were widely accessible, the usage of
plants for therapeutic purposes rapidly declined in
the west. On the other hand, a lot of underdeveloped
countries still benefited from the extensive
understanding of herbal medicine-[8l

Herbal medicine is the use of plant parts for
medicinal purpose, such as seedlings, fruits, foliage,
roots, bark, or flowers. In addition to being directly

Bull. Pharm. Res. 2025;15(S2)

employed as therapeutic medicines, these plants are
valuable for pharmaceutical research and drug
development since they may be used as prototypes
for pharmacologically active chemicals or as starting
materials for drug synthesis. For thousands of years,
medicinal plants served as a significant source of
pharmaceuticals. In practically every nation on the
planet, they continue to serve as the foundation for
organized traditional medicine. Two of the most well-
known and traditional instances of this category are
the medical systems of Unani and Ayurveda. In
underdeveloped nations, around 80% of the
population relies entirely on plants for their basic
medical needs Bannerman, 1983). More than one-
fourth of all prescription medications come either
directly or indirectly from plants, even in affluent
nations with highly established medicinal chemistry.
Additionally, 11% of the 252 drugs that the WHO
deems important are mostly derived from flowering
plants, and 28% of synthetic medicines are derived
from natural precursors. Here is a list of a few
significant plant-based chemicals that are utilized as
drugs or drug precursors. Herbal remedies are
secondary metabolites that are obtained from plants.
1 Verifying the usage of herbal materials and
scientifically evaluating contradicting toxicological,
clinical, and other data are major challenges. The
following important concerns still exist. Managing
within risk ranges; communicating ambiguity; and
maintaining clinical, toxicological, and
pharmacological records pharmacovigilance
comprehending the mechanisms behind the inclusion
of dangerous chemicals; assessing” drug”
interactions; addressing clinical trial and personnel
constraints; standardizing; and assessing safety and
efficacy [10] Research studies and haphazard accounts
(independent and unsolicited communications about
marketed pharmaceutical items) are the most
reliable sources of information regarding adverse
occurrences and drug responses.. Throughout a
product’s life, the latter usually outnumbers the
former in terms of both quantity and kind,
particularly in serious complaints. In addition to
traditional, supplementary, and alternative medicine
providers, herbal medicine providers, herbal
medicine providers have to be incorporated into
national reporting systems for the prescription and
dispensing of medications. Providers of herbal
medicine who are not physicians, dentists,
pharmacists, or nurses are not included in reporting
systems in many nations:(11]

The process of combining active compounds with
inert components, such as excipients, fillers, or
matrices, is known as formulation development.
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Herbal medication formulations fall into two
categories: pure herbal formulations and
formulations made of minerals, bio compounds, and
metallic materials. To demonstrate their therapeutic
efficacy, minerals are added to medication
compositions. A polyhedral formulation (PHF) is a
type of herbal formulation used in Ayurveda that is
made using multiple medication ingredients or a
single substance in two different methods. It is
crucial to remember that a small amount of a
biomolecule is insufficient to provide the intended
therapeutic effect, and that an individual medicine is
less effective than a combination of medications
derived from several plant species. The medication
has a greater therapeutic impact when coupled with
other pharmacological ingredients. We call this
synergism. In polyhedral formulations, this beneficial
drug-drug interaction is common and operates

through two complementary =~ mechanisms:
pharmacokinetic and pharmacodynamic.
Pharmacodynamic  approaches  address the

therapeutic effect of the active ingredients in
polyhedral drugs on similar cell receptors, whereas
pharmacokinetic synergistic approaches focus on the
herbal drug’s ability to enhance ADME of another
drug.[2] For natural medications, randomized clinical
studies are not feasible. Since the same patients may
have different results, which makes the selecting
process more challenging. When a cluster of subjects
with varying makeup are given a herbal medication,
the results may not be consistent. Traditional therapy
approaches may utilize various therapies in a
particular patient at different phases of the disease,
which might lead to variance in a clinical study.
Because there aren’t enough people in clinical trials
for herbal medications, it might be exceedingly
challenging to achieve statistical significance. The
quality and standardization of herbal medications
utilized in clinical studies are inadequate. [131 A
largely unregulated, expanding market with
insufficient quality control is the cause of the safety
issues arising with herbal therapeutic items. The
primary characteristics that are present in various
regulatory systems are the absence of stringent
criteria for the evaluation of quality and safety,
quality control, safety monitoring, and understanding
of traditional medicines or complementary and
alternative medicines (TM/CAM). Plants can be
classified as foods, functional foods, dietary
supplements, or herbal medicines under -certain
regulatory frameworks. The WHO states that herbal
medicines are made up of plants, herbal components,
herbal preparations and finished herbal products
that have combinations of herbal substances or plant
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parts as active agents. This comprises tinctures,
extracts, essential oils, powdered herbal medications,
juices, and process exudates. In the United States,
almost all herbal items are regarded as foods since
they constitute nutritional supplements. National
health officials have developed laws to ensure the
safe use of herbal treatments due to significant
concerns about their safety. WHO started a global
survey on national policies regarding TM/CAM and
the regulatory framework of herbal medicines in 191
member nations in 2001. The most crucial elements
for the field of herbal medicine regulation are
research data, suitable control mechanisms, provider
education, and competence. 141 The Indian healing
systems of Ayurveda, the practice of Yoga, Unani,
acupuncture Siddha, and Homeopathy all heavily rely
on herbal medications. Herbal medicine in India is
governed by the National Council of Indian Medicine
Act, the AYUSH department, and the D and C Act
1940. The Act establishes good Manufacturing
Practice guidelines and broadens control for the
manufacturing of herbal medications. [151.
Ill. BIOTECHNOLOGY APPLICATION IN HERBAL
DRUG DEVELOPMENT:
Genetic Engineering: Human have traditionally
utilized medicinal plants in food production,
medicine, food production, medicine, and other
fields. Medicinal plant breeding has made use of
traditional biotechnological approaches. Faster
biotechnology-based breeding technique (BBBMs)
should now be used on these priceless plants. The
evaluation of gene diversity, preservation while
proliferation, and overproduction, are the main ways
that heredity and biotechnology may contribute to
the faster development of therapeutic plants.
Utilizing the cultivation of plant tissues (PTC) as a
framework to deploy more BBBMs to medicinal
plants is crucial. The two primary BBBMs that
directly rely on PTC are artificial polyploidy
induction and agrobacterium medicated gene
transformation. The genetic diversity of medicinal
plants may be investigated, and genes involved in the
manufacture of secondary metabolites can be found,
using next-generation sequencing methods like RDA-
seq and RNA-seq. user-designed therapeutic plants
can be produced using genome editing methods such
as TALENs and zinc-finger nucleases [16. Gene
therapy, hybrid vaccines, DNA vaccines,
bioinformatics, proteomics, genomics,
biopharmaceuticals, and biomedicines are the main
areas of study in medical biotechnology. With
molecular medicine displacing traditional medicine,
medical advancements are expanding quickly. these
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days, biotechnologist are able to detect genes in
abnormalities are able to detect genes in
abnormalities and characteristics such as mental,
cardiovascular such as mental, cardiovascular,
respiratory and cancerous disorders. The detection
of particular genes and the proteins produced from
them provides extremely particular and effective
treatments. Since many people have incomplete
genes, gene transplantation and antisence are also
utilized to treat genetic illnesses [17]. In the past,
genetics’ contribution to medicine has mostly been
scholarly and has not been seen as an essential
component of care. Genetic disorders are an
insignificant type of diseases for practicing
physicians because they are known to be uncommon
and limited to certain particular genes or
chromosomal defects. Historically, the use of genetics
in medicine has meant gathering family history and
warning individuals of potential risks. Since the
human genome’s sequencing was finished in 2003,
genetics has been progressively become a crucial
component of therapeutic treatment. The medical
field must now embrace the potential and difficulties
presented by the abundance of information provided
by the human genome, which contains material of
incalculable diagnostic and therapeutic significance.
According to estimate, the prevalence of congenital
abnormalities worldwide is 7.94% of which 5.32%
are disease with a significant genetic components. In
addition to environmental influences, the majority of
illnesses require intricate interactions between
several genes [18]-

Culture of plant cells and tissues: plant cell and
tissue culture offers an alternative source for rapid
plant growth and controlled production of
phytonutrients that prevent disease or food
ingredients in medicinal plants. Numerous plant
species may be regenerated in vitro using a variety of
techniques including from a single replicable cell, a
tissue or a organ fragment, or an explant a cutout
portion of differentiated tissue (or organ). These
technologies may be made clean from any vegetative
plant component or organ, such as stems, which are
nodes, as well branches, roots, leaves, apical or
reckless shoot buds, endosperm, and fertilized eggs,
in order to comprehend plant development and
metabolite production. Clonal propagation, also
known as micropropagation, is the vegetative
division of plant in vitro, where asexual reproduction
creates many genetically identical clones of cultivars.
The annual production of hundreds or even billions
of plants is possible using micropropagation. Many
institutions and organizations now use this technique
to produce superior plantson a big scale, including
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clone selection and the rapid and extensive creation
of disease-free materials of desired species. For
several significant species of medicinal plants,
including Swetia chirayita, Cathranthus roseus,
Panax, Stevia rebaudiana, Agni annuaremisin,
Elettaria cardamomum, Allium Chinese, canellia
sinesis, and others, micropropagation techniques
have been devised. Numerous significant therapeutic
plants have long been effectively cultivated in vitro,
either via organogenesis or by somatic
embryogenesis. Numerous method have been
thoroughly investigated to enhance the synthesis of
plant compounds utilizing an in vitro growth system.
To create the required metabolites or dietary
components, many cell culture type are employed,
including organized tissue, callus formation, cell
suspension for an extended period immobilized
cells, transform cells, and organs [19]
Metabolic Engineering: Redirecting one or more
enzyme processes to create new chemical is an
organism, enhance the synthesis of already-existing
compounds, or mediate the breakdown of
compounds is known as metabolic engineering. It is
crucial to emphasize that metabolic engineering is
still a relatively new field of study before detailing
advancements made in the last 25 years. The use of
radiolabel tracer studies throughout the preceding
decades has allowed us to reasonably develop our
understanding of substrate- product interactions in
plant pathways by 1975 [20l The metabolic pathways
that generate flavonoids, phytoalexins, and other
compounds believed to contribute to the chemo-
preventive qualities of fruits and vegetables are one
class of targets for nutritional engineering. One
method that
Fig 2: Using DNA markers for medicinal plant
genuineness. [26]

does not require knowledge of the genes involved in
its biosynthesis to change the amount of nutrients in
its natural host. The viability of this strategy is
demonstrated by two instances. Human ingestion of
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samples
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broccoli rich in glucoraphanin has been shown in
preliminary research to enhance metabolism and
lower level of fatty acid and lipid molecules linked to

inflammation [21. An interesting strategy for
metabolic engineering is the investigation of
transcriptional  factors  governing  metabolic

pathways or branches. Originally, pharmacological or
transposon-based mutant screens in Arabidopsis,
snapdragon, or maize were used to identify
transcriptional  regulators  influencing  plant
biochemistry and development [20].

Pharming: A recent development in biotechnology is
pharmaceutics, which uses transgenic plants or
animals as biological “factories” to create
medications for human or animal use. For instance,
the human gene for the antithrombin protein, which
prevents clotting, has been genetically altered into
goats. Following a processing stage, this protein-
which is produced by the altered animals in their
milk is prepared for use in medicinal applications.
The phrase “pharming,” which combines the terms
“farming” and “pharmaceuticals,” exemplifies the
union of these two fiercely opposed sectors. In term
of potential financial gains and health benefits to
people, pharming has significant risks. If successful,
pharming might bring in billions of dollars for
biotechnology and pharmaceutical companies [22I-
DNA fingerprinting and molecular markers: DNA
markers based on unique genetic structures are more
advantageous than other marker systems. Since
these genetic markers are not tissue-specific, they
can be found at any point throughout the growth of a
plant. Since the data produced by this technology is
readily mechanized, it provides precise and effective
techniques that are more affordable and genuine
than morphological and chemical markers of disease.
Unique DNA sequence that may be used to identify
target may be used to identify target sequence in
DNA hybridization, PCR, or restriction mapping
operation are known as genetic markers. It provide
the genotype’s direct reflection. (231 The genomic
differentiation patterns that may be shown by
morphologically based taxonomic classifications
might be effectively resolved by a methodical
examination of the molecular genetic information
already accessible in germplasm. Breeder can make
better use of genetic resources with fewer pre-
breeding activities for cultivar growth and
improvement by using the molecular genetic
variation data sets, which can provide valuable
information on the allelic depth, population
composition, and diversity parameters of germplasm
characterization using molecular markers has
become more important due to the speed and quality
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of the data produced 24. A PCR based technique
called AFLP is employed in DNA fingerprinting,
genetic engineering, and genetics research. AFLP,
which was created by keygene in early 1990s,
involves cutting genomic. DNA employing restriction
enzymes, followed by connector attachment to the
elastic ends of the restriction fragments. Primers that
work well with the adapter and with some
limitations. Only a subset of the restriction fragments
are then amplified using priming equivalent to the
adapter and some of the site of restriction fragments.
Denaturing polyacrylamide gels show magnified
fragments or auto radiography [251.

Omics Technologies: In the last 10 years, advances
in next-generation DNA sequencing technology have
made it easier to use and collect multi-omics data,
which has significantly decreased the cost of such
activities. Additionally, transcriptomics and genomics
have become more widely used, and other omics
technologies, like proteomics and metabolomics, are
now frequently incorporated into standard research
methodologies. In general, the use of lots of omics
techniques is becoming commonplace in many life
science research fields. [27]. Destination selection and
validation, lead discovery and improvement, in vitro
and in vivo investigations to assess drug safety and
effectiveness, and clinical testing are just a few of the
numerous processes that make up the drug process.
The goal identification and validation stages of drug
development heavily rely on proteomics technology,
which is used to examine the amount expressed
proteins in a target cell or organism at a certain time.
Microbe’s secondary metabolites (SMs) are an
important natural source of drugs for neurological
and metabolic diseases. They are used in
biochemical, food, and medicinal industries. Under
some circumstances, metabolmics provides thorough
identification and structural data on the cellular
metabolome (28] The term “genome” was coined by
Hans Winkler and refers to the haploid DNA content
of a cell, including the representation from the
genome of an organelle. In a simpler sense, genomics
is the branch of omics that deals with the study of
genomes; it entails molecular descriptions and
evaluation of the entire genome in order to study its
structure, function, and comparative genomics are
distinct subfield of genomics that deal with the study
of genomes and protein structure. Analysis of
genome structure primarily consist of the mapping of
genes, gene density, genome complexity, repeat
analysis, cot curve analysis, and other such studies,
whereas protein structure analysis primarily consists
of high throughput methods for protein 29
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IV. CURRENT ADVANCE AND TRENDS:

Modern Biotechnological Approaches: CRISPR-Cas
(Clustered Regularly Interspaced Short Palindromic
Repeats-CRISPR- associated proteins) has made grat
progress since it was discovered to be an adaptive
immune system in bacteria and archaes. It became a
powerful gene-editing tool after its synthetic guide
RNA (sgRNA) was successfully engineered to target
specific DNA sequences with high accuracy. Further-
developed Cas variants have the ability to edit the
epigenome in addition to DNA, making the CRISPR-
Cas system an effective instrument for manipulating
both the genome and the epigenome and a leader in
precision medicine. With a focus on precision
medicine, this review examine the most recent
developments in the field of CRISPR-Cas and its
restorative and biological uses. Additionally, the
present state of clinical trials for CRISPR medicines is
examined [0l To create and enhance biological
systems, synthetic biology technologies have been
created. Among them, the genome editing method
CRISPR-Cas, which is a protective immune system of
bacteria, thereby has been created. Since CRISPR
gene scissors are separated into two modules- the

target recognition RNA and the nucleolytic protein, *

they are more synthetic-biologically applicable than
any other technique. In contrast to restriction
enzymes, CRISPR-Cas may function in bacteria as
well as higher species, and it is simple and
unrestricted to create any target sequence [31] . The
goal of the clinical science and technology discipline
of nanotechnology is to create tools dosage form that
are between 1 and 100nm in size. The application of
nanotechnology in biological systems for monitoring,
diagnosis, therapy, and control has recently been
referred to as nanomedicine. Lipids, polysaccharides,
and synthetic biodegradable polymers are among the
safe components used to create the nanocarriers.
Research on Phyto-formulation or herbal medication
has many advantages, including enhanced solubility
and bioavailability, security from toxic exposure,
increased pharmacological activity, stability, better
tissue macrophage distribution sustained delivery,
durability, and defense against chemical and physical
deterioration. Therefore, the use of herbal
pharmaceuticals in nanoscale drug delivery systems
holds promise for improving their efficacy and
resolving issues related to plant medicines.
Therefore, it is crucial to include nanocarriers like
NDDS into the conventional medical system in order
to combat more system in order to combat more
chronic illnesses as caner, diabetes, asthma, and
others 321,
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Integrating traditional knowledge with
biotechnology : Drug development relies heavily on
traditional knowledge, which provides a multitude of
medical expertise that has been passes down through
the year among indigenous groups. This knowledge is
frequently based on centuries of actual data and
involves the utilization of vegetation, minerals, and
natural substances for therapeutic purposes. Its
importance has been acknowledged by the
pharmaceutical business more in recent decades,
particularly in the areas of herbal medicine. The
identification of many contemporary medications has
been greatly aided by the application of traditional
expertise in drug development. Indigenous tribes
have gathered this knowledge over ages, and it
includes the use of natural treatment, medicinal
plants, and herbs. The necessity for legal safeguards
is increased when traditional medicine is
incorporated into contemporary healthcare systems.
Governments are legalizing traditional medicine,
encouraging interdisciplinary study, and integrating
it into health programs 33

v . CHALLENGES AND LIMITATION

Scientific challenges: Studies on the herbal
medicinal compounds stability are crucial. This is
done to assess how temperature, humidity, radiation,
and oxidation affect natural good. All of these
variable might cause herbal mediation to degraded
period of time. Therefore, when a medication is
unstable or its components deteriorate, the clinical
study is deemed invalid. The stability of the goods is
seriously harmed throughout the production process
when the active ingredients are subjected to
oxidation. Hydrolysis, and bacterial or fungal assault.
The variance in the herbal medication formulations
shelf life shouldn’t surpass 5% of the initial assay
value B4 . There is no doubt that the increase in
poisoning cases linked to the use of medicinal herbs
in recent years is necessitating the implementation of
active pharmacovigilance on these products in along
with maintaining thorough toxicity testing in order to
promote their safe use and safeguard public health.
Therefore it is imperative that herbal products and
medications be incorporated into pharmacovigilance
systems. Simply based on group publicity it can be
difficult to locate the offers tied with the recreational
use of herbal remedies, and in the process, the safety
of these products has become a major public health
concern. In many regions of the world, there are
several obstacles that must be overcome in order to
design and enforce regulations pertaining to
traditional or herbal medicines. 351
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Economic and regulatory challenges: In order to
guarantee the safety and effectiveness of herbal
medicines, regulatory bodies are essential in
monitoring their regulation bodies are supervision.
Globally, the use of herbal remedies is growing,
which has sparked worries about side effects and the
necessity of safety monitoring. There are
inadequacies in the registration and post-marketing
surveillance procedures for herbal medications in
some areas, including Sub-Saharan Africa. Official
regulatory agencies are tasked with overseeing the
production, quality, and distribution of herbal
remedies in order to guarantee their safe use in
order to solve these issues. Research assessing the
frameworks for regulating herbal medicines
emphasizes how crucial it is that regulatory bodies
carry out their mandates effectively [3¢]. The fact that
many herbal and traditional remedies are classified
as consumables or food supplements in various
countries has been identified as the primary cause of
most problems pertaining to their quality, safety, or
efficacy before being on sale. In a similar vein,
traditional medical professionals might not
necessarily be licensed or certified, while
manufacturing norms and quality checks are
occasionally less strict or controlled. Therefore, the
purity of traditional and herbal remedies is no longer
a major issue for the general public or national health
authorities. In essence, herbal remedies are made
from plant parts or unpurified botanical extracts that
contain multiple constituents that are generally
thought to function in concert. Demands of plant
medicine’s effectiveness, customer demand for
natural therapies, false beliefs about the superiority
of herbal products, dissatisfaction with robust
pharmaceuticals, costly prices and side effects,
scientific and technological advancements, patients
perceptions of doctors, ineffective evaluations, and a
trend toward self-medication are the main causes of
the renewes intresr in herbal remedies [371. By 2025,
the worldwide herbal medication industry is
projected to grow to a value of USD 7 trillion, with
India holding a relatively small portion of this
market. In 1991 the herbal medicine market in
Europe was valued at around USD 6 billion. The
economic significance of herbal plants is
demonstrated by the worldwide revival of traditional
healthcare systems [38l.

Ethical consideration: Thinking about what “the
good” is and how to define it is the definition of
ethics. Philosophical and religious ethics study the
history, values, emphasis, and application of different
goods as a field of study. People clearly appreciate
various items and attributes, but they also value,
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emphasis, and applications of different goods as a
field of study. People clearly appreciate various items
and attributes, but they also value their possessions
differently, in different ways, for various motives, and
for different purpose. Ethical dimensions are a broad
category of norms that can be recognized, examined,
or attained with careful consideration. Although
ethics generally examines issues of good and evi],
there are various ways to define this based on a
variety of viewpoints and interests [39. “Of proven
quality, safety, and efficacy” are this the primary
ethical consideration that need regulatory attention,
according to the Director-General. It is possible to
draw a comparison between the procedure of
launching a new molecular medication and the
legislation governing of herbal remedies. Thus,
clinical studies and other trustworthy scientific
techniques should be utilized to assess the efficacy
and safety of herbal remedies. Using
pharmacovigilance procedure, they should also be
tracked during the course of the medications life
cycle. Since it might have major negative effects on
patients, it is extremely unethical to put any
medication on the market without proof of its safety
and effectiveness. Health authorities have a stronger
obligation to regulate and take action when there is a
larger potential for harm [40]

vi. FUTURE PROSPECTS

Emerging Technologies: The most difficult aspect of
drug development is finding a successful new drug,
primarily because of chemical space, which is a
collection of all potential chemical compounds,
including all known drug molecules and those that
have not yet been found; it is estimated that there are
approximately 1060 molecules in total 41 These
techniques and strategies have returned from their
the wilderness years thanks to recent developments
in Al and ML. Even while several of the new methods
haven’'t yet resulted in pharmaceuticals being
brought to market, early reports predict that they
will play an even bigger role in the drug development
process than has been the case thus far. It has been
demonstrated with innovative and promising
methodologies that the new systems are capable of
efficiently designing novel chemical structures,
forecasting the necessary molecular property
profiles, and even figuring out how to synthesise
those compounds.

Sustainability: Understanding the inherent value of
natural resources and their benefits to society is
essential, especially given the widespread usage of
medicinal plant around the world. However, when
viewed through the lens of economical history, it is
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notable for the ways in which human have exploited
nature to achieve their goals. When affluent nations
raise their consumption without taking developing
national needs into account, inequality arises. a
human centered approach has exacerbated several
environmental issues and led to the current threat to
medicinal plants and natural resources.
Sustainability has been described as “addressing the
challenges of the present scans endangering the
abilities of generations to come of individuals to
fulfill their own needs” since the Brundtland Report
was published in 1987. One of the most important
development strategies has been sustainable growth.
Furthermore, it guarantees ongoing access to the
resources required to create a highly resources-
intensive and less descrupted economy. It is a
strategy based on the notion that social, ecological,
and economic elements must cooperate to ensure
economic growth while meeting ecological and
community needs [431. In light of the aforementioned
data, we describe PM as any technology that seeks to
enhance illness prevention, diagnosis and treatment
by utilizing patient characteristics to determine the
best course of action. Regarding the course of
therapy. There is diagnostic testing: Additional
patient or disease-related data must be gathered by
diagnostic testing that makes use of technologies like
molecular  diagnostics, gene sequencing or
immunohistology chemical test in order to be
personalized. A variety of technologies are used:
Numerous medical technologies, including small
molecules, big molecules and advanced treatment
medicinal products (ATMPs), can provide
advantages. Customized treatments: these include of
gene treatments and modified T cell therapies, which
can regarded as ATMPs [451.

vii. SUMMARY: Herbal medicine has become well
known throughout the world as a complementary
therapy for a number of illness. In one of the ancient
medical systems, Ayurveda, more than 1,200 plant
species having therapeutic properties are used. Due
to their ability to provide bioactive chemicals for
drug development, medicinal plants are essential to
both traditional and contemporary healthcare.
According to the data from the World Health
Organization (WHO), almost 80% of people
worldwide receive their main medical treatment
from traditional practitioners. Among the many
difficulties in developing herbal medications include
standardization, assessing their effectiveness, and
adhering to regulations. For herbal medicines to be
safe and effective, strict pharmacovigilance is
necessary, even when they come from natural
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sources. Genetic manipulation, plant tissue culture,
metabolic  engineering, and other scientific
advancements have greatly enhanced the quality and
production of herbal medications. Further use of
DNA fingerprinting and omics technologies also aid
in the optimization and verification of medicinal
plants. Different nations have different regulations
for herbal medicines; India uses the AYUSH system.
However, the lack of standardized procedures,
problems with quality control, and the fact that
herbal products are sometimes categorized as
nutritional products in some areas continue to pose
commercial and regulatory obstacle. Prospects for
the future focus on combining biotechnology and
traditional knowledge, improving medicine delivery
through nanotechnology, and making sure that
medicinal plants are sourced sustainably. Promising
developments are provided by new innovations like
CRISPR and based on artificial intelligence
discovering drugs. For herbal medicines to be
accepted worldwide, ethical issues pertaining to their
efficacy, safety, and commercialization are still very
important. This review discusses the scientific,
financial, and legal obstacles to the wider use of
herbal medicine while highlighting its significance in
healthcare.
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ABSTRACT

For centuries, medicinal plants have been an essential part of traditional healing, with different parts
like leaves, roots, bark, and flowers being used for their therapeutic properties. This review explores
Lantana camara, a plant known for both its medicinal potential and its challenges. Lantana camara Linn.
is a vigorous, A low-growing shrub from the Verbenaceae family, it is well known for its ornamental
appeal, medicinal benefits, and ecological significance. This species has attracted attention due to its
adaptability, strong root system, and ability to thrive in diverse environmental conditions. Studies have
shown that Lantana camara offers a range of health benefits, including antioxidant, antibacterial, anti-
inflammatory properties. Research also suggests it may aid in wound healing, relieve pain, and even
have potential anticancer effects. However, despite these benefits, it is important to acknowledge its
toxic nature, especially in high doses or prolonged use. Special caution is needed, particularly for
individuals and animals that may be more sensitive to their compounds.
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INTRODUCTION
Originally from tropical America, Lantana

malaria, digestive disorders, cancer,
chickenpox, measles, asthma, ulcers,

camara is a small, upright, rough-textured,
and hairy evergreen shrub from the
Verbenaceae family. It goes by many
common names, including blacksage,
flowered sage, cuasquito, shrub verbena,
white sage, angel lip, and wild sage. This
resilient plant has spread to over 60
countries and island regions, with around
650 known varieties-[2]

Beyond its reputation as an invasive weed,
L. camara has a long history of use in
traditional medicine and serves multiple
purposes, including as much fuel in some
regions. It has been used to treat a wide
range of ailments, such as bilious fevers,
high blood pressure, tetanus, rheumatism,

swellings, eczema, and tumors.13!

Recent scientific research has begun to
validate many of its traditional uses,
highlighting L. camara’s potential in
modern medicine. Studies suggest that it
possesses antibacterial, anti-inflammatory,
antioxidant, and hepatoprotective
properties, with promising applications in
wound healing, pain relief, and even cancer
treatment.The chief purpose of this review
is to outline L. camara's therapeutic
qualities and potential future research
directions for the creation of efficacious
treatments. Some variants and subspecies
are known [2] and have been suggested in
a taxonomy revision of Lantana L. sect.
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Lantana [ because of the plant's
cosmopolitan range and natural capacity to
form  hybrids. Lantana  camara:
Phytochemistry, Taxonomy, and Global
Presence [14 20]

Taxonomy of Camara lantana:

Kingdom: Plantae

Division: Magnoliophyta

Class: Magnoliopsida

Order: Lamiales

Family: Verbenacea

Genus: Lantana

Geographical Distribution

Originally native to tropical regions of
Central and Northern South America and
the Caribbean, Lantana camara has now
spread to around 60 countries worldwide.
It is commonly found in Brazil , Jamaica ,
Mexico, Florida, Trinidad, and,New
Zealand as well as in several African
nations, including Kenya, Uganda,
Tanzania, and South Africa.[3536] Due to its
adaptability, the plant has successfully
established itself in diverse climates, often
thriving as an invasive species in many
parts of the world.[3334]

Morphology and Growth

L. camara is an erect or sub scandent shrub
that can grow up to 1 to 3 meters in height,
with a spread of approximately 2.5 meters.
The plant possesses a tetrangular stem
cover which has stout recurve prickles and
emits a strong odor .[7]

Traditional Uses of Lantana camara:
Despite its toxicity, Lantana camara has
been widely utilized as a natural pest
deterrent in Himachal Pradesh, Uttar
Pradesh, and various tropical and
subtropical regions of India. Beyond its
ornamental appeal as a garden plant, it
serves several ecological and practical
functions.

As a robust hedge plant, L. camara
provides natural ground cover, enriching
the soil with fine leaf mulch. This improves
soil  fertility, even in challenging
environments such as rocky, gravelly, or
hard laterite soils. Additionally, the plant
plays a crucial role in preventing soil

Bull. Pharm. Res. 2025;15(S2)

erosion by helping to retain humus in
deforested areas.[®]

Interestingly, L. camara also supports the
growth of parasitic sandalwood seedlings,
offering a favorable environment for their
development. Its adaptability in agriculture
and ecological restoration is demonstrated
by the fact that it is frequently employed in
the Pacific islands as a structural support
for yam vines.

In rural tribal communities, extracts from
its leaves are traditionally used for
polishing house floors, a practice believed
to repel mosquitoes and other insects.

PHYTOCHEMISTRY

Lantana camara demonstrates a notably
rich phytochemical profile, as both
qualitative and quantitative analyses
reveal an abundance of secondary
metabolites, including catechins alkaloids,
is catechins ,flavonoids, alkaloids, tannins,
saponins, and triterpenoids, phenolic
compounds, flavones, isoflavones,
flavonoids, anthocyanins, coumarins,
lignans glycosides, and terpenoids [42l,
Different solvents (e.g., ethanol, methanol,
acetone) often extract varying levels of
these constituents, with ethanol extracts
frequently yielding robust quantities of
phenolics and flavonoids. Bioactive
Compounds in Lantana camaral2:29]

Lantana camara's varied chemical makeup
has attracted a lot of scientific attention
because of its possible biological
properties, which include antibacterial,
antioxidant, and anti-inflammatory
properties. [7.31]

Two triterpenoid esters, camarilic acid and
camaricinic acid, were discovered by
Wollenweber et al.'s research,
demonstrating the plant's diverse
phytochemical composition. Silva et al.
conducted additional research on essential
oils from L. camara that were collected in
various  locations. @ They  identified
important constituents like limonene, a-
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phellandrene, germacrene-D, B-
caryophyllene, sabinene, a-zingiberene,
and a-humulene, many of which are
recognised for their aromatic and
medicinal qualities.

A variety of bioactive substances, such as
oleanolic acid, oleanolic acid acetate,
oleanonic acid, lantadene A, camaric acid,
B-sitosterol and its glucoside, and pomonic
acid, were discovered by Misra and Laatsch
when they were investigating the plant's
root system. They also discovered a
number of  intricate triterpenoid
combinations, which highlights L. camara's
potential for use in medicine and medicine.
Similarly, Khan et al. conducted GC-MS
analysis of Lantana camara leaf and flower
oils, detecting [(-elemene, y-elemene, o-
copaene, and a-cadinene as major
components.

While Begum et al. recovered pentacyclic
triterpenoids such ursoxy acid, methyl
ursoxylate, and ursangilic acid, as well as
dotriacontanoic acid, oleanolic acid
acetate, and tetracosanoic acid in the aerial
parts, Sefidkon verified the existence of
limonene in the plant's leaves.

Using hydrodistillation, Oyedeji et al.
extracted a yellow essential oil with a
fruity, spearmint-like scent from Lantana
camara leaves, producing 0.44% (w/w).

Bull. Pharm. Res. 2025;15(S2)

cubebol, and bicyclogermacrene, as well as
monoterpenes, including sabinene, «-
pinene, and [-pinene, were among the
most prevalent of the 39 compounds found
by their GC-MS study.

Khan et al. expanded on this research by
analyzing essential oils from the plant’s
fruit and stem, detecting key constituents
such as palmitic acid, stearic acid, and
germacrene D. While the fruit and stem oils
shared similar chemical profiles, their
individual = compound  concentrations
varied significantly.

Further studies by Begum et al. led to the
discovery of three novel pentacyclic
triterpenoids—camarin, lantacin, and
camarinin—in the aerial parts of L.camara.
Meanwhile, Misra et al. confirmed the
presence of o-humulene, 1,8-cineole,
sabinene, [-caryophyllene, and other
sesquiterpenoids, including humulene
epoxide II and 8-
hydroxybicyclogermacrene, in the essential
oils derived from the plant’s leaves and
flowers .Their study reinforced previously
reported phytochemical findings in various
parts of the plant.. Overall, the breadth of L.
camara’s phytochemistry highlights its
promise for developing novel therapeutic
agents, but additional research is
warranted to fully characterize these
compounds, understand their mechanisms
of action, and ensure their safe

Sesquiterpenoids, including B- application.[31.32]
caryophyllene, a-humulene, germacrene D,
Part of plant Phytoconstituents
Leaves Triterpenoids ( oleanolic acid, ursolic acid)
Flavonoids ( luteolin , kaempferol, quercetin)
Phenolic compounds ( chlorogenic acid, caffeic acid)
Alkaloids ( lantadene A , B, which are toxic in high concentrations)
Saponins
Essential oils ( linalool, a-pinene, and (3-pinene)
Flowers Flavonoids (quercetin, apigenin)
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Phenolic compounds

Essential oils ( linalool)

Triterpenoids ( B-sitosterol)

Carotenoids ( lutein, beta-carotene)

Stem Triterpenoids ( oleanolic acid, ursolic acid)

Alkaloids
Flavonoids

Phenolic compounds

Root Alkaloids ( lantadene A, lantadene B)

Saponins

Essential oils

Triterpenoids ( B-sitosterol)

Seeds Flavonoids
Triterpenoids

Carbohydrates

Phenolic acids (chlorogenic acid, caffeic acid)

Toxins (Lantadene A and B, which are harmful to livestock and
humans if consumed in high quantities)

TABLE 1 [6]

PHARMACOLOGICAL ACTIVITIES
Anti-microbial Effect

Extracts from Lantana camara have been
shown to have broad-spectrum
antibacterial action. Gram-positive bacteria
such as Staphylococcus aureus and Bacillus
subtilis are significantly inhibited by
ethanol-based extracts of leaves and stems,
whereas Gram-negative bacteria such as
Escherichia coli are somewhat inhibited.
Interestingly, the extracts had no impact
on Candida species, indicating that their
antibacterial  activity was selective.
Although more research is required to

identify the active ingredients, these
results are consistent with the plant's
historic applications for treating illnesses.
The alcoholic extract outperformed the
acetone extract in terms of antibacterial
activity among the tested extracts. [2144]
The alcoholic leaf extract showed modest
inhibitory effects against Streptococcus
species and Escherichia coli, but the
maximum efficiency against
Staphylococcus aureus, Bacillus subtilis,
and Bacillus cereus. There was no
discernible inhibition against Candida
species, and the least amount of
antibacterial action was seen against
Vibrio cholerae and Vibrio haemolyticus.
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The stem extract also showed significant
antibacterial activity, with the alcoholic
extract outperforming the acetone extract
in terms of effectiveness. [> 10]

The acetone extract had the most potent
inhibitory impact on E. coli and
Pseudomonas aeruginosa among Gram-
negative bacteria. Further testing revealed
that mixing leaf and stem extracts did not
significantly increase antibacterial
activities. In contrast, the alcoholic extract
was most efficient against S. aureus,
followed by B. subtilis and B. cereus, for
Gram-positive bacteria. Furthermore, with
the exception of Saccharomyces cerevisiae,
which showed modest sensitivity, neither
the Candida albicans nor the Candida
tropicalis yeast strains displayed inhibitory
zones. Future research will only
concentrate on the alcoholic extract of L.
camara leaves and stems because of its
better antibacterial potential considering
these findings. For comparison,
gentamycin sulphate (10 mg/ml) was
utilized as the reference antibiotic. [*]
Analgesic Effect and Anti-Inflammatory
Effect

Research on plants in the Verbenaceae
family has revealed that they have anti-
inflammatory effects in models of paw
oedema caused by serotonin, carrageenan,
and histamine, as well as analgesic
qualities, as evidenced by acetic acid
writhing and tail-flick tests. Finding out if
Lantana camara extract has comparable
antinociceptive (pain-relieving) properties
was the goal of this investigation.
Toxicological studies were conducted on
male mice to assess mortality rates seven
days posttreatment to assess safety. Tail-
flick, hot plate, and acetic acid writhing
tests were used to evaluate the extract's
analgesic properties at a non-toxic dosage
of 1.0 g/kg. According to the results, a
dosage of 1.5 g/kg did not result in any
deaths, while higher doses of 3.0 g/kg and
4.0 g/kg caused 50% and 60% mortality
rates, respectively. These results underline
the  significance  of careful dose

Bull. Pharm. Res. 2025;15(S2)

management in prospective therapeutic
applications by indicating that although L.
camara extract has intriguing analgesic
qualities, its safety profile relies on dosage.
In all antinociceptive tests, 1 g/kg of
antinociceptive considerably reduced pain
responses.

Rodents administered with Lantana
camara extract exhibited a significant
increase in latency time before licking their
paws in response to thermal stimulation.
This suggests a notable pain-relieving
effect.

Over time, the control group's anti-
inflammatory response to carrageenan-
induced paw oedema was shown to grow.
However, paw  volume  decreased
somewhat after treatment with 300 mg/kg
of Lantana camara extract, but
inflammation significantly decreased after
treatment with 500 mg/kg. [822]

Anti Cancer

Leaf and root extracts of Lantana camara
exhibited comparable cytotoxic activity
against leukemia cells, but they were about
10 times weaker than carboplatin.
However, these extracts may contain both
cancer-fighting and cell-protecting
compounds, leading to a complex,
concentration-dependent pattern of
activity. The likely mechanism behind their
anticancer effect is apoptosis induction.[”]
Anticancer Potential of L.camara Root
and Leaf Extract:

The anticancer properties of Lantana
camara root and leaf extracts were
evaluated using the MTT assay against
Jurkat leukemia cells. The findings
revealed that both extracts exhibited
comparable antineoplastic (cancer-
fighting) activity. The root extract had an
IC50 of 328.36 = 53.08 pg/ml, while the
leaf extract showed an IC50 of 394.41 *
99.73 pg/ml (p>0.1,n = 3).

Remarkably, these extracts showed less
cytotoxicity at increasing concentrations,
indicating the potential availability of
substances that might provide cells with
protection. The Jurkat cells' apoptosis, or
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programmed cell death, was the main
mode of action, according to morphological
examination- [22,23]

These findings demonstrate the potential
of L. camara leaf and root extracts as
intriguing subjects for more study. In order
to create novel therapeutic medicines,
future research should concentrate on
isolating and identifying certain bioactive
chemicals that could be involved in their
anticancer actions. [11.45]

Antioxidant Activity

The antioxidant potential of Lantana
camara leaves has been well-documented
through various assays, including reducing
power activity and the DPPH radical
scavenging test. Notably, younger leaves
demonstrated stronger antioxidant effects
compared to mature ones, highlighting
age-related variations in bioactivity.

In VIVO studies further support these
findings, showing that ethanolic extracts of
Lantana camara can significantly reduce
oxidative stress. This was evident in rats
with urolithiasis, where the extract led to a
marked decrease in lipid peroxidation in
kidney tissues, suggesting a protective
effect against oxidative damage.
Furthermore, in vitro tests validated the
extract's strong antioxidant properties. In
the DPPH and nitric oxide scavenging tests,
it demonstrated substantial free radical
scavenging  activity, confirming its
potential as a natural antioxidant source.
These findings demonstrate the potential
of L. camara for more study into its
medicinal uses in conditions linked to
oxidative stress. [°]

Antiulcerogenic Activity

Studies have indicated that Lantana
camara leaf methanol extract has strong
antiulcer effects. In a mouse trial, the
extract successfully prevented stomach
ulcers brought on by ethanol, aspirin, and
cold-restraint stress. In all three animals,
pretreatment with dosages of 200 and 400
mg/kg body weight dramatically decreased

Bull. Pharm. Res. 2025;15(S2)

ulcer development, with the protective
effect growing as the dose increased.
According to these results, L. camara may
have therapeutic uses in the treatment of
stomach ulcers. [28]

Hemolytic Activity

Using a spectroscopic technique,
researchers examined the capacity of
Lantana camara extracts to degrade red
blood cells at doses ranging from 125 to
1000 pg/ml. The findings indicated that
the extracts were comparatively safe
because they had minimal effect on human
erythrocytes. The chloroform extract was
the most hemolyzing of the several
fractions, followed by the ethanol fraction,
the aqueous extract, and the 50:50 hexane
and ethyl acetate mix. Of these, the
methanol fraction was the safest since it
produced the least amount of harm. These
results contribute  to a  better
understanding of the safety and possible
medical applications of L. camara.

Antihyperglycemic Activity

The potential for Lantana camara extracts
to aid in blood sugar regulation has been
investigated in recent research. Diabetic
rats were used to evaluate L. camara leaf
ethanolic extract (LCE), which has
significant quantities of flavonoids and

phenolic compounds. The findings
indicated that blood glucose levels
decreased as the dosage rose. By

decreasing lipid peroxidation and
increasing the activity of antioxidant
enzymes, the extract also assisted in
reducing oxidative stress. This shows that
LCE may help prevent cell damage and
manage diabetes. [%:26]

Similarly, rats with diabetes caused by
alloxan were used to test a methanol-based
extract from L. camara leaves. It
dramatically reduced blood sugar levels,
reducing them down to 121.94 mg/dL
when taken orally at a dose of 400 mg/kg
body weight.

The effects of L. camara fruit extract on
diabetic Wistar albino rats were examined
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in a different investigation. Blood glucose
levels were progressively lowered by
doses of 100 and 200 mg/kg. The extract
also supported liver cell regeneration,
reduced HbAlc levels, a measure of long-
term blood sugar control, and improved
body weight.

Another study looked at the effects of L.
camara fruit extract on diabetic Wistar
albino rats. Doses of 100 and 200 mg/kg
gradually reduced blood glucose levels.
Additionally, the extract helped improve
body weight, lower HbA1c levels (a marker
of long-term blood sugar control), and
support liver cell regeneration.

Overall, these findings suggest that
Lantana camara leaf and fruit extracts may
offer natural support for managing
diabetes. By helping lower blood sugar and
improving metabolic health, these plant-
based remedies could complement
conventional treatments.

Mosquito Control Activity

Several mosquito species, including Aedes
aegypti, Culex quinquefasciatus, Anopheles
culicifacies, An. fluviatilis, and An.
stephensi, were shown to be susceptible to
the adulticidal effects of the essential oil
that was isolated from L. camara leaves.
For these mosquito species, the LD50
values varied from 0.05 to 0.06 mg/cmz,
and the LD90 values ranged from 0.09 to
0.10 mg/cm?.

The hunt for natural alternatives has been
prompted by mosquito resistance to
synthetic  insecticides, environmental
concerns, and the high expense of these
products. The insecticidal activity of
essential oil derived from Lantana camara
leaves against several mosquito species
was examined in this study. Using hydro-
distillation, we obtained the oil and tested
its effectiveness following WHO guidelines.
Insecticidal Potential of Lantana camara
Essential Oil and Extracts. Research has
shown that Lantana camara essential oil
exhibits strong adulticidal activity against
mosquitoes, making it a promising natural
alternative to synthetic insecticides. The oil

Bull. Pharm. Res. 2025;15(S2)

demonstrated significant toxicity, with
LDso values in the range of 0.05 to 0.06
mg/cm? and LDy, values between 0.09 and
0.10 mg/cm?. The time required to achieve
50% and 90% knockdown (KDTse, and
KDTyp) varied depending on the mosquito
species, ranging from 12 to 20 minutes and
18 to 35 minutes, respectively.
Interestingly, the oil retained its potency
for a longer duration when stored at lower
temperatures.

45 different chemicals were identified by
gas chromatography-mass spectrometry
(GC-MS) analysis, which showed a varied
chemical composition in the oil. Together,
they made up 42.75% of the content, with
caryophyllene (16.37%), eucalyptol
(10.75%), a-humulene (8.22%), and
germacrene (7.41%) being the most
common. These findings highlight Lantana
camara essential oil's potential as a safe,
natural mosquito control solution that
might be wused in conjunction with
traditional synthetic pesticides.
Additionally, methanol and ethanol
extracts from L. camara leaves and flowers
showed strong larvicidal activity against
Culex quinquefasciatus larvae and Aedes
aegypti , particularly in their 3rd and 4th
instar stages. At a lower concentration (1
mg/ml), the extracts were more effective
against Ae. aegypti than Cx.
quinquefasciatus. These results underscore
the potential of L. camara as a natural,
plant-based solution for mosquito control,
offering a sustainable alternative in vector
management programs.l’]

Antifilarial Activity

The crude extract of Lantana camara stem
has shown promising  antifilarial
properties. In studies using the rodent
model Mastomys coucha, the chloroform
fraction of the extract effectively
eliminated adult Brugia malayi worms.
Additionally, among the female worms that
survived, most were rendered sterile,
suggesting a strong potential for disrupting
the parasite's life cycle. These findings
indicate that L. camara stem extract could
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be a valuable natural resource for
developing antifilarial treatments.[”]
CONCLUSION

Lantana camara leaf extracts have been
found to possess antimicrobial, fungicidal,
insecticidal, and nematicidal properties.
Additionally, the plant has demonstrated
antimicrobial, anti-hyperglycemic,
antioxidant, anti-cancer, and  anti-
haemolytic activities. L. camara oil can be
used to soothe skin irritation and as an
antiseptic property for wounds.

While Lantana camara demonstrates
promising bioactivities—ranging from
antimicrobial to anticancer effects—
current  evidence remains largely
preclinical, relying on animal models and
ex vivo studies. Challenges include its
dose-dependent toxicity (e.g., lantadenes)
and variability in phytoconstituents due to
environmental factors. To advance its
pharmaceutical potential, future research
should prioritize:

1. Clinical trials to validate safety and
efficacy in humans.

2. Standardized extraction
protocols to ensure consistency in
bioactive compound yields.

3. Toxicological profiling to mitigate
risks associated with long-term use.

This study highlights the strong
antioxidant potential of L. camara extracts,
suggesting they could be valuable for both
nutritional and medicinal applications.
Based on ethnomedicinal and scientific
findings, Lantana camara shows promise
as a candidate for future drug
development.
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ABSTRACT

The current study investigates the potential application of a novel synthetic biopolymer composed of
three ethylene glycol-based 1,3-dioxolane derivatives—namely, 2-methyl-1,3-dioxolane, 1,3-
dioxolane, and 2-phenyl-1,3-dioxolane—as a biofunctional coating material for cardiac stents. These
compounds were selected due to their intrinsic hydrophilic and bioadhesive properties, which are
particularly advantageous in the vascular environment where endothelial healing and
biocompatibility are crucial. A molecular docking-based in silico approach was employed to evaluate
the binding efficiency, biological affinity, and safety profile of the synthesized polymer against key
cardiovascular protein targets. The selected targets included endothelial nitric oxide synthase
(eNOS), vascular endothelial growth factor receptor (VEGFR), and integrins associated with
endothelial regeneration and vascular healing. Additionally, potential interactions with toxicity-
related proteins and red blood cell membrane-associated targets were assessed to predict
hemocompatibility and systemic safety. Computational docking results revealed strong binding
affinities of the biopolymer with endothelial healing markers, while exhibiting minimal interactions
with off-target proteins associated with hemolysis or cytotoxicity. Physicochemical and
pharmacokinetic analyses using ADME/Tox prediction tools further supported a favorable safety
profile, including low toxicity, high solubility, and limited permeability across non-target tissues.
Collectively, these findings highlight the promise of the proposed 1,3-dioxolane-based polymer as a
biocompatible and functional stent coating that could enhance endothelialization while minimizing
adverse interactions with circulating blood components. This study provides a computational
foundation for further in vitro validation of this polymer system in cardiovascular device
applications.

Key words: Cardiac stent, 1,3-dioxolane derivatives—namely, 2-methyl-1,3-dioxolane, 1,3-
dioxolane, and 2-phenyl-1,3-dioxolane, docking study

How to cite this article:Jayashri Chopade and Deepak Hujare. To study the network pharmacology
of ethylene glycol derivatives use as coating materials on coronary heart stent. Bulletin of
Pharmaceutical Research. 2025;15(S2): 276-281.

Source of support: Nil Conflict of interest: None

UnlockingHorizonsinGlobalMultidisciplinaryHealthcareResearch” Indo-US International Conference Date: 10-12, March
2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44 276


mailto:chopadejv91@gmail.com

Chopade et al

1. INTRODUCTION

Coatings for cardiac stents are essential for
improving biocompatibility and lowering the
risks of restenosis and thrombosis through
coating material for cardiac stents. To
evaluate the biological interactions of CECA,
molecular docking was performed against
important protein targets linked to
endothelium  repair, thrombosis, and
inflammation. Immune reactions brought on
by metallic or non-biocompatible coatings
and insufficient endothelialization frequently
impair the long-term functionality of cardiac
stents. Because of  their  tunable
biodegradability and bioactivity patterns,
biopolymers have drawn interest as potential
substitutes. Using computational toxicity
prediction models, CECA's effectiveness and
possible toxicity are assessed in this context,
offering information on its suitability for
cardiovascular implant applications.

2. Material and methods

Ligand Preparation:

@]
|| HO\/\
C OH
H
R
ALDEHYDE
Procedure-

A 50 mL round-bottom flask with three necks
and a magnetic stirrer was used for all
catalytic processes. Usually, the flask was
charged with a mixture of aldehyde (51.3
mmol), ethylene glycol (51.3 mmol), COCI2
(0.1 mol%), and DH2 (0.2 mol%), and heated
to 70 °C while stirring. A vacuum pump was
then used to maintain the system pressure of

3. RESULTS AND DISCUSSION:

Synthesis of 1,3-Dioxolanes from Aldehydes
and Ethylene Glycol

The formation of 1,3-dioxolanes is a classic
example of an acetalization reaction, where

Bull. Pharm. Res. 2025;15(S2)

extensive in silico simulations, the current
study investigates the potential of 1-
(carboxyamino) ethylcarbamic acid (CECA), a
synthetic new biopolymer.
ChemSketch was utilized to construct the
biopolymer  structure based on 1-
(carboxyamino) ethyl carbamic acid, which
was optimized using MMFF94 force field8..
Protein Target Selection:

Important protein targets were chosen in
order to assess toxicity and efficacy: 1HRC
Cytochrome C

Molecular Docking:

Molecular docking was done with
AutoDockVina, and validation was done with
PyRx. Binding affinity ratings were used to
predict the strength of the interaction.
ADMET and Toxicity Prediction

In order to predict in silico pharmacokinetics
and toxicity parameters, Swiss ADME and
other technologies were used. Along with
ProTox-1110, Admet SAR.

{ ]

O

H

1,3-DIOXANE

5 KPa throughout the process. After washing
the reaction flask, 15 mL of CH2CI2 was
added to the funnel. Anhydrous Na2504 was
used to dry the mixture after it had been
cleaned with saturated carbonate solution (4
x 5 mL). The acetal (or ketal) product was
then obtained by vacuum distillation of the
combination.

aldehydes react with ethylene glycol (1,2-
ethanediol) under acidic conditions. This
reaction is commonly used for protecting

carbonyl groups in synthetic organic
chemistry.
General Reaction Mechanism:
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An aldehyde (R-CHO) reacts with ethylene
glycol (HO-CH,-CH,-0H) in the presence of a
catalytic amount of acid—typically p-
toluenesulfonic acid or sulfuric acid—to form
a five-membered cyclic acetal known as 1,3-
dioxolane. The reaction proceeds through
several steps: First, the carbonyl oxygen of
the aldehyde is protonated by the acid,
increasing the electrophilicity of the carbonyl
carbon. Next, one hydroxyl group of ethylene
glycol performs a nucleophilic attack on the
activated carbonyl carbon, leading to the
formation of a hemiacetal intermediate. A
proton transfer occurs, followed by the

elimination of water, generating a more
reactive oxonium ion. The second hydroxyl
group then attacks intramolecularly, resulting
in cyclization and the formation of a second
oxonium ion. Finally, deprotonation yields the

Bull. Pharm. Res. 2025;15(S2)

stable five-membered 1,3-dioxolane ring.
Acetaldehyde (CH3;-CHO), formaldehyde (H-
CHO), and benzaldehyde (C¢Hs-CHO) each
undergo cyclization reactions with ethylene
glycol to form corresponding 1,3-dioxolane
derivatives. Acetaldehyde yields 2-methyl-
1,3-dioxolane, where the methyl group is
retained at the 2-position of the ring.
Formaldehyde, the simplest aldehyde, forms
1,3-dioxolane, which is unsubstituted and
lacks side-chain groups. Benzaldehyde reacts
similarly to  produce  2-phenyl-1,3-
dioxolane, with the phenyl group preserved
at the 2-position, contributing to the
compound’s distinctive properties. These
reactions showcase how different aldehydes
influence the substitution pattern of the
resulting dioxolane ring.

Sr.no | ALDEHYDE R2

FINAL STRUCTURE

1. O CHs

H_C_CH3

<)
>
H,C
H

ACETALDHYDE
2-methyl-1,3-dioxolane
2 0] H
I 5
H C H o)
FORMALDEHYDE
H
H

1,3-dioxolane
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3 O

C—H

BENZALDEHDE

{ ]

0]

2-phenyl-1,3-dioxolane

The  Ramachandran  plot  graphically
represents the ¢ (phi) and y (psi) torsion
angles of amino acid residues in a protein,
providing insight into the conformational
preferences and sterically allowed regions of
the protein backbone

Molecular Docking of Target Protein

with Ligands:
Molecular Docking Protocol: Molecular
docking studies were conducted to evaluate
the binding interactions between selected
ligands and target proteins. The three-
dimensional structures of ligands and
proteins were converted to PDBQT format
using an in-house Bash script, which utilized
AutoDock Tools 1.5.6 for ligand preparation

Table 2: Binding Energy and Interaction

and ADFRsuite for receptor preparation.
Ligands were kept fully flexible, while
receptors were treated as rigid during
docking simulations. Docking was performed
using AutoDockVina v1.2.3 with a grid
spacing of 0.375 A. The grid box was centered
on the known active site of the target protein,
with an expanded search space to explore
potential alternative binding sites. Docking
parameters included an energy range of 3
kcal/mol, nine binding modes, an
exhaustiveness value of 32, and 23 CPU
threads. All other parameters were set to
default. To validate the docking protocol, re-
docking studies were carried out under
identical conditions to assess reproducibility.

Sr. Binding Type of
Structure of molecule Type of Interaction Distance
No Energy Residue
Hydrophobic
g PRO44A | 3.72
1 )(O -6.638 Interactions
H Salt Bridges HIS26A | 5.01
O/\l ARG38A 3.29
2 XO -2.257 Hydrogen Bonds
H Y ARG38A 2.26
/\| Hydrophobic ALA15A |38
o Interactions VAL20A | 3.51
3 -5.457
H Tt-Stacking PHE10A | 4.82
Salt Bridges LYS27A 3.79
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Table 3: 2D and Three D images

Bull. Pharm. Res. 2025;15(S2)

Sr. No. | 2d structure 3d structure
1 o

2

3

4. CONCLUSION

This study presents a comprehensive in silico
evaluation of ethylene glycol-derived 1,3-
dioxolane compounds—2-methyl-1,3-
dioxolane, 1,3-dioxolane, and 2-phenyl-1,3-
dioxolane—as potential coating materials for
coronary stents. Synthesized via an acid-
catalyzed acetalization reaction, these
compounds were analyzed through molecular
docking and ADMET profiling. Docking
results demonstrated favorable binding
affinities with endothelial repair-related
targets such as eNOS, VEGFR, and integrins,

indicating potential for promoting vascular
healing. Importantly, interactions with
toxicity-associated proteins and red blood
cell membrane proteins were minimal,

supporting the compounds’
hemocompatibility. = ADMET  predictions
confirmed desirable pharmacokinetic

properties, including low toxicity, high
solubility, and low off-target permeability.
Together, these findings underscore the
biocompatible and biofunctional potential of
1,3-dioxolane-based polymers as stent
coating agents. The study lays a
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computational groundwork for future in vitro
and in vivo investigations, advancing the
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ABSTRACT

The presence of process-related impurities in pharmaceutical substances is a critical quality concern,
particularly for drugs with a narrow therapeutic index such as propafenone hydrochloride, a Class IC
antiarrhythmic agent. Among these impurities, 2'-(2-Hydroxy-3-aminopropoxy)-3-phenylpropiophenone is
known to arise during epoxide ring-opening reactions in the synthetic pathway of propafenone. Due to its
structural similarity to the parent compound, this impurity presents significant challenges in detection,
separation, and toxicological evaluation, thus necessitating its complete structural and analytical profiling. In
this study, the impurity was synthesized through a four-step process involving Claisen-Schmidt condensation,
catalytic hydrogenation, epoxidation, and nucleophilic ring-opening using ammonium hydroxide. The
compound was successfully isolated in a yield of 86% with a defined melting point of 128-130°C, suggesting
high purity and reproducibility. Structural confirmation was achieved through a combination of spectroscopic
and chromatographic techniques. *H NMR spectroscopy revealed distinct chemical shifts corresponding to
aromatic, aliphatic, hydroxyl, and amine protons. Infrared (IR) spectroscopy indicated characteristic
absorptions for N-H, O-H, and C=0 functionalities, while LC-MS analysis confirmed the molecular ion at m/z
300.5 [M+H]*, consistent with its molecular formula C,sH,,NO3. The successful synthesis and characterization
of this impurity provide essential data for its identification, quantification, and regulatory qualification. This
study contributes to the broader goal of impurity control in pharmaceutical manufacturing and establishes a
reference framework for ensuring the safety, efficacy, and compliance of propafenone-containing drug
products.

Keywords:

Propafenone hydrochloride, 2'-(2-Hydroxy-3-aminopropoxy)-3-phenylpropiophenone,  Epoxide ring-
opening, Impurity profiling, *H NMR, Antiarrhythmic drugs, Pharmaceutical analysis, Process-related
impurity
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1. Introduction pharmaceutical ingredients (APIs), as even
trace levels of impurities may compromise

The continuous advancement of drug safety, efficacy, or stability. Modern drug
pharmaceutical science has placed a growing development operates under a framework of
emphasis on the chemical purity of active stringent international regulations, notably
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those established by the International Council
for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use (ICH). The
ICH guidelines—specifically Q3A (Impurities
in New Drug Substances), Q3B (Impurities in
New Drug Products), Q3C (Residual Solvents),
and M7 (Mutagenic Impurities)—mandate the
identification, characterization, and control of
impurities, especially those exceeding
reporting and qualification thresholds [1-3].
Pharmaceutical impurities can emerge from
numerous sources: synthetic pathways, raw
materials, solvents, reagents, intermediates,
packaging materials, storage conditions, or
even  environmental exposure  during
manufacturing. These substances are generally
categorized into three primary types: organic
impurities (process-related or degradation
products), inorganic impurities (residual
metals, catalysts, salts), and residual solvents.
Among these, organic process-related
impurities—especially  those structurally
similar to the API—pose a significant
analytical and regulatory challenge. Their
structural  resemblance can lead to
pharmacological activity,  toxicity, or
instability, making their monitoring critical for
patient safety and product performance [4,5].
A particularly demanding area of impurity
profiling is observed in antiarrhythmic drug
development, especially with Class 1
compounds that directly modulate cardiac ion
channel function. These agents are used in the
treatment of life-threatening arrhythmias and
carry a narrow therapeutic index, meaning the
therapeutic and toxic doses are closely aligned.
Thus, any structural variation—including low-
level impurities—can potentially shift this
delicate balance, increasing the risk of
proarrhythmia, hypotension, or other adverse
cardiac effects[6,7] Propafenone
hydrochloride, a widely used Class IC
antiarrhythmic agent, acts by blocking fast
sodium channels in myocardial cells, slowing
conduction velocity and suppressing abnormal
electrical activity. It is clinically prescribed for
atrial fibrillation, ventricular tachycardia, and
supraventricular arrhythmias. The molecule
contains a chiral centre and possesses several
reactive functional groups including a
hydroxyl, aromatic rings, and a ketone moiety.
These features make it susceptible to side
reactions, stereoisomer formation, and

Bull. Pharm. Res. 2025;15(S2)

degradation, particularly under the influence
of moisture, heat, pH, and residual catalytic
agents [8] .From a synthetic standpoint,
propafenone is commonly synthesized through
a multistep process involving the formation
and subsequent ring-opening of epoxides, a
step that is particularly vulnerable to side
product formation. One of the most concerning
process-related impurities in this route is 2'-
(2-Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone. This impurity is
generated when a nucleophilic amine or
alcohol reacts with an epoxide intermediate,
producing a Regio isomeric product via SN2 or
SN1-type mechanisms. Depending on the
reaction conditions—acidic, basic, or neutral—
the site of nucleophilic attack on the epoxide
ring varies, resulting in mixtures of products
that can be difficult to detect, separate, or
quantify. The chemical structure of 2'-(2-
Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone  features both a
hydroxyl and primary amine functional group,
increasing its polarity and reactivity compared
to propafenone. Its close structural
resemblance and similar chromatographic
behaviour make it particularly challenging to
resolve during routine quality control. Without
adequate analytical resolution, this impurity
can escape detection and potentially impact
pharmacokinetic or pharmacodynamic
properties. Moreover, the presence of an
amine group raises questions about potential
genotoxicity, which falls under the scope of
ICH M7—a guideline that enforces rigorous
evaluation of DNA-reactive impurities, even at
parts-per-million (ppm) concentrations [3,9] .
Compounding this challenge is the lack of
commercially available reference standards or
detailed literature on the impurity’s synthesis,
spectral characteristics, and quantification
protocols. While some literature reports
address elemental impurities in propafenone
[10], or metabolic by-products such as 5-
hydroxypropafenone [11], detailed accounts of
this specific process impurity are missing. As a
result, regulatory submissions involving
propafenone must either synthesize this
impurity in-house or provide justification for
its absence, which may not be feasible in cases
of subtle, undetected process deviations. Given
the potential toxicological risks and analytical
challenges, there is a pressing need to
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synthesize this impurity in pure form,
understand its chemical behaviour, and
develop validated analytical methods for its
detection and quantification. Techniques such
as Liquid Chromatography-Mass Spectrometry
(LC-MS), Nuclear Magnetic Resonance (NMR),
and Infrared Spectroscopy (IR) are
indispensable in characterizing this compound
and distinguishing it from the API or other
related substances. Furthermore,
understanding the mechanism of formation is
crucial to prevent its occurrence during
industrial synthesis. In basic conditions,
nucleophiles such as hydroxide or amines
attack the less substituted carbon of the
epoxide ring, leading to a product with trans-
hydroxy and amino substituents. In acidic
media, the more substituted carbon is
favoured due to the partial SN1 character of
the mechanism. Both pathways can produce
structurally similar by products unless
reaction conditions are tightly controlled.
Factors such as reaction temperature, pH,
solvent choice, and reaction time influence the
selectivity and extent of impurity formation
[1,2]. The current research focuses on the
targeted synthesis and structural
characterization of 2'-(2-Hydroxy-3-
aminopropoxy)-3-phenylpropiophenone,

simulating reaction conditions that mimic
those found in propafenone industrial
production. The impurity will be synthesized
via controlled epoxide ring-opening reactions,
using defined nucleophiles under varied pH
and solvent conditions. The crude product will
be purified using chromatographic techniques,
followed by spectral characterization through
LC-MS, 1D and 2D NMR, and FTIR analysis. By
developing a comprehensive impurity profile,
this study seeks to contribute valuable data to
pharmaceutical process development,
regulatory submissions, and quality risk
assessment. The work also aims to establish
this impurity as a reference marker for future
method validation and stability studies, aiding
both generic and innovator companies in
meeting global regulatory expectations.
Ultimately, this investigation not only
addresses a specific quality risk in
propafenone synthesis but also exemplifies the
broader need for proactive impurity science—
a discipline that integrates organic chemistry,
analytical method development, toxicology,
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and regulatory compliance to ensure the
development of safe, effective, and reliable
pharmaceuticals.

MATERIALS AND METHOD

Starting Materials

The synthesis of 2'-(2-Hydroxy-3-
aminopropoxy)-3-phenylpropiophenone
begins with 3-phenylpropiophenone as the
primary starting material, serving as the core
ketone framework. Epichlorohydrin is
employed to introduce an epoxide group
through alkylation, facilitated by a base-
catalysed reaction using sodium hydroxide
(NaOH). The reaction is typically conducted in
an aprotic solvent such as tetrahydrofuran
(THF) or dichloromethane (DCM), which help
stabilize the intermediates and promote
efficient epoxide formation. Nucleophile for
Ring Opening:

In the epoxide ring-opening step, nucleophilic
agents such as 25% aqueous ammonia,
ethanolamine, or 3-amino-1-propanol are
employed to facilitate the reaction. These
nucleophiles selectively attack the epoxide
ring, introducing both amino and hydroxyl
functional groups into the molecule. This
reaction leads to the formation of the target
impurity, 2'-(2-Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone, under carefully
controlled reaction conditions. The choice of
nucleophile and pH plays a critical role in
directing the reaction pathway and ensuring
the desired regioselectivity.

1.1. Reaction Conditions

The reaction conditions play a crucial role in
determining the selectivity and efficiency of the
epoxide ring-opening step. In a basic medium,
reagents such as sodium hydroxide (NaOH) or
sodium carbonate are used to promote an SN2-
type nucleophilic substitution, favouring attack
at the less hindered carbon of the epoxide ring.
Alternatively, an acidic environment using
hydrochloric acid (HCI) can shift the mechanism
toward an SN1-like pathway, encouraging attack
at the more substituted carbon. The reaction
temperature is typically maintained between
25°C and 50°C, depending on the reactivity of
the nucleophile and the desired regioselectivity,
ensuring optimal conditions for the formation of
2'-(2-Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone.
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1.2. Workup Reagents
During the workup phase of the reaction, ethyl
acetate or diethyl ether is commonly used to
extract the organic components from the
aqueous layer, enabling effective isolation of
the product. A wash with brine (saturated
sodium chloride solution) is then employed to
enhance phase separation and remove
residual water. Finally, the organic layer is
dried wusing anhydrous sodium sulphate
(Na;S04) to eliminate any remaining moisture
before proceeding to solvent evaporation or
purification steps.
Purification
For purification, silica gel (60-120 mesh) is
employed as the stationary phase in column
chromatography, allowing effective separation
of the desired compound from side products
and unreacted materials. The choice of eluent
depends on the polarity of the target impurity;
commonly used solvent systems include
hexane/ethyl acetate or methanol/chloroform
mixtures. The progress and efficiency of the
purification process are monitored using thin-
layer chromatography (TLC), which helps
confirm the presence and purity of 2'-(2-
Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone before final
characterization.
Analytical/Characterization Solvents & Tools
For analytical and structural characterization,
deuterated solvents such as chloroform-d
(CDCl3) and dimethyl sulfoxide-dg (DMSO-dg)
are utilized for nuclear magnetic resonance
(NMR) spectroscopy, enabling clear
interpretation of proton and carbon
environments. HPLC-grade methanol or
acetonitrile is used as the mobile phase for
liquid chromatography-mass spectrometry
(LC-MS) to ensure high sensitivity and
accuracy in detecting and quantifying the
impurity. Additionally, potassium bromide
(KBr) is used to prepare transparent pellets
for infrared (IR) spectroscopy, allowing
identification of functional groups present in
2'-(2-Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone.

1.3. Lab Equipment Required

The synthesis and purification of 2'-(2-
Hydroxy-3-aminopropoxy)-3-
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phenylpropiophenone require standard
organic chemistry laboratory equipment. A
round-bottom flask (50-250 mL) is used as the
main reaction vessel, typically paired with a
magnetic stirrer and heating plate to ensure
uniform mixing and controlled heating. A
reflux condenser is attached for reactions
requiring elevated temperatures under reflux.
Dropping funnels or pipettes allow for the
controlled addition of reagents. Thermometers
and pH meters or pH paper are essential for
monitoring reaction conditions. For solvent
removal, a rotary evaporator is used after
extraction. Separatory funnels facilitate liquid-
liquid extraction steps, while a vacuum
filtration setup is employed for solid product
isolation. Finally, purification is carried out
using a column chromatography setup packed
with silica gel, enabling separation of the
desired impurity from side products and
unreacted materials.

2.8. Critical Control Parameters:

Several critical control parameters must be
carefully managed during the synthesis of 2'-
(2-Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone to  ensure  high
selectivity and purity. The reaction pH is
crucial, as it influences the mechanism of
epoxide ring opening and determines the
regioselectivity of the product formed.
Maintaining precise stoichiometric ratios of
reactants is essential to minimize the
formation of undesired side products and
ensure complete conversion. Reaction time
and temperature must be closely monitored
and optimized to achieve maximum yield
without degradation. Additionally, strict
moisture control is necessary, particularly
during the epoxide formation step, as the
presence of water can lead to hydrolysis,
reduced reactivity, or formation of unwanted
by products.

Method :-

Propafenone EP Impurity - N-Depropyl
Propafenone

Step-1st

In a 250 mL round-bottom flask, dissolve 2-
hydroxyacetophenone (e.g. 3.30 g, 24.3 mmol)
and an equimolar amount of benzaldehyde
(e.g. 2.80g, 22.6 mmol) in 50 mL of absolute
ethanol. While stirring at room temperature,
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add 10mL of 10% aqueous NaOH solution
dropwise. Stir the reaction mixture at room
temperature for 12-24 hours, monitoring the
reaction by TLC. After completion, pour the
mixture into 100 mL of ice-cold water, acidify
with dilute HCl to pH 5-6, and collect the
yellow precipitate by vacuum filtration. Wash
with cold water and dry under vacuum to
obtain 2'-hydroxychalcone.

Step-2nd

In a hydrogenation flask, dissolve the obtained
2'-hydroxychalcone in ethanol (20-30 mL) and
add 5% palladium on carbon (Pd/C) catalyst
(typically ~10% w/w of the substrate, e.g. 0.3-
0.5g). Stir the mixture under a hydrogen
atmosphere at room temperature until TLC
indicates completion (usually 2-4 hours).
Filter the mixture through celite to remove the
catalyst and evaporate the solvent under
reduced pressure. Purify the product if
necessary by recrystallization or column

chromatography to obtain 1-(2-
hydroxyphenyl)-3-phenylpropan-1-one.
Step-3rd

Dissolvel-(2-Hydroxyphenyl)-3-

phenylpropan-1-one(1 eq, 5.154 g) in 50 mL of
DMF in a round-bottom flask, followed by the
addition of potassium carbonate (1 eq, 3.0529
g). The mixture is stirred at room temperature
for 10-15 minutes to ensure complete
dissolution and mixing. Epichlorohydrin (1 eq,
2.597 mL) is then added dropwise with
continuous stirring while maintaining cooling.
After stirring at room temperature for an
additional 5 minutes, the reaction mixture is
heated to 80°C and refluxed overnight, with
progress monitored via TLC. Upon completion,
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the mixture is transferred to a separatory
funnel, and the product is extracted using ethyl
acetate (3 x 25 mL), followed by washing with
water (2 x 10 mL) and brine (10 mL). The
organic phase is dried over anhydrous sodium
sulphate and concentrated using a rotary
evaporator. The crude product is then purified
either by recrystallization from ethanol or by
column chromatography using a suitable
solvent system (e.g., hexane/ethyl acetate).
Finally, the purified compound is
characterized by determining its melting point
and performing NMR and mass spectrometry.
Step-4th

Dissolve 1-[2-[[(2RS)-
xiranyl]methoxy]phenyl]-3-phenylpropan-1-
one (1 eq, 2.1 g) in a mixture of 10 mL THF in
a Transparent Seal Tube, followed by stirring
at room temperature for 10-15 minutes to
ensure complete dissolution and homogeneity.
Add Ammonium hydroxide 1.2 eq (0.3128ml)
is then added dropwise to the mixture under
cooling with continuous stirring. After
allowing the reaction to proceed at room
temperature and check reaction progress
monitored by TLC. Upon completion, the
mixture is poured into a separatory funnel and
extracted with DCM (3 x 25 mL). The organic
layer is separated and washed with water (2 x
10 mL) and brine (10 mL), then dried over
anhydrous sodium sulphate. The solvent is
removed under reduced pressure using a
rotary evaporator, and the resulting crude
product is purified by column chromatography
using a suitable solvent system (e.g,
methanol/DCM).
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Synthetic scheme:-

S

2-hydroxyacetophenone
benzaldehyde 2'-hydroxychalcone

Step-2nd

<—w

Epichlorohydrine

re
5%Pdc

1-(2-Hydroxyphenyl)-3-phenylpropan-1-one

IMP C

1-[2-[[(2RS)-oxiranyl]Jmethoxy]phenyl]-3-
phenylpropan-1-one

Ammonium hydroxide

o oY N
OH

2'-(2-Hydroxy-3-aminopropoxy)-3-phenylpropiophenone

RESULT AND DISCUSSION

OH), 5.95 (s, 1H, NH or OH), 7.00-7.55
IR (KBr, cm™): 3373.29 (N-H str), (m, 10H, Ar-H) LC-MS (ESI*), m/z:
3010.67 (C-H str), 1745.46 (C=0 str), 300.5 [M+H]+

1508.23, 1456.16 (C=C str, aromatic),
1207.36 (C-0 str), 773.40, 750.36 (C-Cl
str)H NMR (DMSO-dg, 6 ppm): 2.00 (s,
2H, CH,), 2.07 (s, 1H, NH), 2.23 (s, 1H,
CH,), 2.32-2.52 (m, 2H, CHy), 2.74-2.99
(m, 4H, NCH3), 3.04-3.33 (m, 2H, CH,0),
3.93-4.12 (m, 2H, CHOH), 4.24 (s, 1H,
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H! NMR (DMSO-dg ,  ppm)
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Observation Table:-
Impurit Mol. Mol. || Yield Melting
purity formula wt (%) | point (°C)
2-(2-Hydroxy-3-aminopropoxy)-3- |~ 1151 N03||299.37|| 86 | 128-130
phenylpropiophenone '
The synthesized impurity, 2'-(2-Hydroxy-3- This impurity is likely to form during the epoxide

aminopropoxy)-3-phenylpropiophenone, was
obtained as a solid compound with a molecular
formula of C;gH,:NO3 and a molecular weight of
299.37 g/mol. The isolated yield was 86%, and
the compound exhibited a melting point in the
range of 128-130°C, indicating good purity and
consistent crystallinity. These physical
parameters are in agreement with the expected
characteristics of the targeted impurity structure
3. CONCLUSION

The present investigation focused on the
successful synthesis, isolation, and detailed
characterization of the process-related impurity
2'-(2-Hydroxy-3-aminopropoxy)-3-
phenylpropiophenone, which is structurally
related to the antiarrhythmic drug propafenone.

ring-opening step in the synthetic pathway of

propafenone, particularly under nucleophilic
conditions involving amines or hydroxyl-
containing reagents. Through a controlled

synthesis approach, the impurity was obtained in
a high yield of 86% with a well-defined melting
point of 128-130°C, indicating its purity and
crystalline nature. The structural identity and
purity of the synthesized compound were
thoroughly confirmed using a combination of
modern analytical techniques. 'H NMR
spectroscopy revealed the presence of key proton
environments, including those from aromatic
rings, aliphatic side chains, and functional groups
such as hydroxyl and amino moieties. Infrared
(IR) spectroscopy confirmed the presence of
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characteristic functional groups, including -OH, -
NH;, and C=0, while LC-MS analysis verified the
molecular ion at m/z 300.5 ([M+H]*), consistent
with the expected molecular formula C;gH,1NOs.
This study not only demonstrates a reliable
method for the synthesis and confirmation of a
structurally significant impurity but also
underscores the importance of impurity profiling
in pharmaceutical development. Given the
potential pharmacological and toxicological
implications of structurally similar by-products, it
is essential to identify and characterize such
impurities early in the drug development process.
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Abstract

Diabetes is one of the greatest challenges facing science in the 21st century. As the number of people
with diabetes and those taking antidiabetic drugs increases, there is an urgent need to develop new
molecules that can treat this disease [1]. Type 2 diabetes mellitus (T2DM) continues to be a major
medical problem because close association of chronic hyperglycaemia with obesity, liver disease,
and several cardiovascular diseases. The U.S. Food and Drug Administration (FDA) has approved
and withdrawn numerous antihyperglycemic drug therapies for the treatment of diabetes. 3 In this
study we mainly focus on in vitro toxicity study, ADMET study as well as toxicity study of various
antidiabetic medicine currently used for the treatment of these include insulin types, biguanides,
sulfonylureas, meglitinides (glinides), Like alpha glucosidase inhibitors (AGls), thiazolidinediones
(TZDs), sodium-glucose cotransporter type 2 (SGLT2) inhibitors, and dipeptidyl peptidase-4 (DPP4)
and comparing the result of these with actual results.

Key words: Toxicity Study, ADME, antidiabetic agent
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INTRODUCTION

Hyperglycaemia, or increased blood glucose, is a
sign of diabetes mellitus (DM), a chronic illness.
Millions of individuals around the world suffer
from this illness. A person with diabetes has
either an Ability to use insulin or, in certain
cases, an Ability to produce it. The blood glucose
imbalance causes the patient to suffer from
severe health problems that could possibly be
lethal. This silent killer has a significant
influence on patients' quality of life, hence it is
critical that this issue be addressed. Acute
stroke, complications like retinopathy and
blindness, kidney issues like kidney failure,
metabolic disorders, and anomalies in the blood
circulation systems that ultimately lead to death
are some of the major adverse effects of
diabetes. The unstable activity of the enzyme

was the initial cause of this disease. a-amylase is
known to break down complex carbohydrates
into smaller molecules, which are subsequently
transformed into absorbable sugar molecules by
a-glucosidase, another enzyme. There are
medications like Acarbose and Miglitols on the
market to regulate the activities of these
enzymes. These medications work by blocking
the functions of the aforementioned enzymes,
which in turn helps regulate blood sugar levels
and diabetes. Their adverse effects, however, are
a serious worry. More diabetes drugs must be
produced[l .According to reports, diabetes may
have an impact on the pharmacokinetics of a
number of medications by altering (i) absorption
through modifications in subcutaneous adipose
blood flow, muscle blood flow, and gastric
emptying, (ii) distribution through non-
enzymatic albumin glycation, (iii)
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biotransformation through the regulation of
enzymes and transporters involved in drug
biotransformation, and excretion through
nephropathy. Additionally, previously published
findings indicate that pharmacokinetic changes
caused by diabetes may not be generalizable to
other drugs. Although there are currently very
few clinical trials examining how diabetes affects
pharmacodynamics, there is evidence that
disease-mediated effects extend beyond
pharmacokinetics and can also change
pharmacodynamics. For many medications, it is
stil unknown if these effects are due to
pharmacokinetic alterations brought on by
diabetes or pharmacodynamic  changes.
Furthermore, it is crucial to examine the impact
of each medication and refrain from
extrapolating from observed results, even
though diabetes-mediated pharmacokinetics and
pharmacodynamics may be expected[2.The
safety profiles of medications used to treat
diabetes mellitus vary greatly, both in terms of
overdose and therapeutic use. Severe and
protracted hypoglycaemia can result from an
insulin overdose. When treating sulfonylurea
toxicity, octreotide should be used instead of
intravenous dextrose. Life-threatening acidosis
with high lactate concentrations from an acute
metformin overdose may necessitate
haemodialysis. Diabetic people can safely
overdose on glucagon-like peptide 1 agonists
and dipeptidyl peptidase 4 inhibitors, whereas
non-diabetic patients may have severe
hypoglycaemia. Patients in critical condition who
are taking sodium-glucose co-transporter 2
inhibitors may develop euglycemic diabetic
ketoacidosis [31.

MATERIALS AND METHODS

Online technologies such as pk CSM and Swiss
ADME cheminformatics tools for ADME and
drug-likeness studies, as well as Protox III
software for toxicity analysis, were among the
study's methodologies. To evaluate the degree of
resemblance between expected and actual
outcomes, all commercially available
antidiabetic medications were examined
together with their chemical class. The following
table displays the ADMET characteristics, drug-
likeness, and toxicity studies. Forecasted using
Swiss ADME cheminformatics tools and pk
CSMI4l,

Absorption: One significant characteristic that
affects absorption is water solubility. With the

Bull. Pharm. Res. 2025;15(52)

exception of Repaglte, Pioglitazone, Glimepiride,
Glyburide, and Canagliflozin, which were
insoluble (more than -4) and several of the
antidiabetic drugs that were predicted to be
soluble (0 to -2), others were found to be slightly
soluble (-2 to -4). The Caco2 permeability: or
human epithelial colorectal adenocarcinoma cell
lines are widely used as in vitro models to
predict the absorption of an orally administered
drug in the human instil mucosa. Compounds
with high Caco2 permeability have greater than
0.90 predicted values the intestine is considered
to be the primary site for absorption of an orally
because of its enormous surface area, the
medication is  delivered. @ Empagliflozin,
Ertugliflozin, Miglitol, Metformin, and GLP-1
receptor agonists all had negative values, which
suggests low instil absorption, whereas the
remaining medications all had positive values,
indicating high instil absorptionl*. Acarbose
causes bloating and diarrhoea, while GLP-1
agonists cause nausea and vomiting when used
with real-time rapid release metformin [51,

Skin permeability: When developing topical
medication formulations and transdermal drug
delivery devices, skin permeability is crucial. The
compound's capacity to penetrate the skin
decreases with increasing log Kp, expressed as
cm/s. Here, every commercially available
antidiabetic medication exhibits negative values,
as a result, they all have low skin permeability.
The most crucial component of the ATP-binding
cassette transporters is the p- glycoprotein (P-
gp). By extruding these substances and shielding
the cells from toxicity, it plays a crucial part in
lowering the absorption of xenobiotics, including
medications, and poisons. Cancer cells'
resistance to chemotherapeutic treatments is
also a result of this. Because of its impact on the
ADMET characteristics of compounds,
approximately 50% of medications that
anticipate p-glycoprotein I and II inhibitors
exhibit positive results, while the remaining
pharmaceuticals show  negative  results.
Compounds that block p-glycoproteins 1 and 2
may be helpful in specific circumstances. Here,
the effects of the antidiabetic drugs are
somewhat mixed.

Distribution: One crucial pharmacokinetic
factor required for creating an appropriate drug
dosing schedule is the steady-state volume of
distribution, or VDss. It is the amount of blood or
plasma in which the substance seems to dissolve
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at equilibrium or in a steady condition.

Table: 1 absorption and distribution study

(og | flog (% (log [P - B- (log | (Fu)
mol/L) | Pappin | Absorb | Kp) glycop | glycop | glycop | Likg) BE) PS)
10-6 ed) rotein | rotein | rotein
m/s) substr | n
ate inhibit | inhibit
or or
Repaglinide -4432 | 053 92.168 | -2.735 [ Yes No Yes -1302 | 0 0.023 | -2.241
linid, -2.996 0.786 100 -2.735 [ No No No -171 0.105 | -0.064 | -2.322
Miglitol -1.229 |[-0.229 41.462 | -294 | No No No -0.607 | 0.903 | -1.501 | -4.842
iogl -4309 | 0978 92.422 | -2.705 | No Yes No -0.007 | 0.017 | -0.591 | -2.496
Rosiglitazone | -3.762 | 0.964 93.757 | -2.844 | No Yes No -0.183 | 0.078 | -0.727 | -2.785
Sitagliptin -2.871 1.25 87.421 | -2.763 | Yes No No 0.154 | 0.544 | -0.339 | -3.186
Saxagliptin -2.648 0.223 55.565 | -3.013 | No No No 0.043 | 0.603 | -0.227 | -2.69
Alogliptin -1974 | 0175 79.504 | -274 |[Yes No No 0.555 | 0.405 | -0.603 | -2.746
Linagliptin -2955 | 0.356 83.98 -2.736 [ No Yes Mo 0.26 0.236 |[-1.509 | -2.958
Gliclazide -3.627 0.454 91.965 | -3.116 | Yes No No 0 0.278 | 0.079 | -2.344
Glimepiride -4.362 0.592 64.645 | -2.867 | Yes Yes Yes -0339 | 0.22 -0.978 | -2.737
Glyburide -4.582 0.709 71775 | -2.773 | Yes Yes Yes -0.218 | 0 -1.01 | -2674
Chlorpropami | -2.829 | 1.353 90,789 | -3.188 | Yes Ne No -0.601 | 0.288 | -0558 | -2.98
de
Glipizide -3414 | 0.582 63.098 | -2.776 | Yes No Mo -0.249 | 0.247 | -1.043 | -3.366
Tolby d -2.824 1.344 91.614 | -3.19 | Yes No No -0.485 | 0.263 | -0.388 | -2.663
Tol d -3.541 0.88 92.187 | -3.071 | No No No 0.02 0.408 | -0.075 | -2497
Metformin -2.707 |[-0339 59.401 | -2.735 | Yes No No -0.232 | 0.811 | -0.946 | -4.238
Dapaglifiozin_| -3433 | 0.938 55,856 | -2.751 [Yes Yes Yes -0331 | 0.077 | -0.997 | -3.34
Canagliflozi -4.21 0.846 98.459 | -2.736 | Yes Yes Yes -0.708 | 0.084 | -0.993 | -3.02
E) gliflozi -3.56 -0.019 55.879 | -2.744 | Yes Yes Yes -0.387 | 0.073 | -1.101 | -3515
Er -3.238 | -0.037 46.567 | -2.738 | Yes Yes No -0.191 | 0.109 | -0.903 | -3467
Lixisenatide | -2852 | 0.488 4.125 -2.735 [ Yes No No -06 0.888 [ -0.785 [ -5.637
Exenatide -2892 |-2827 0 -2.735 [ No No No 0.011 [ 0381 | -10.39 |-
18.55
1
Senlag]uﬁdﬂ{ -2892 |-3336 0 -2.735 | No No No 0.011 [ 0381 |- -
1099 | 17.71
2 5
Albiglutide -2892 |-2.717 0 -2.735 | No No No 0.011 | 0.381 | -7.918 | -
14.97
9
Dulaglutide -2892 |-2.754 0 -2.735 | No No No 0.011 | 0381 |-7.832 |-
15.04
2
Liraglutide -2.892 |-2.B8 0 -2.735 | Yes No No 0.011 [ 0.381 | -9.154 | -
16.16
2

Metabolism: Approximately 95% of the
metabolism of pharmaceuticals on the market is
carried out by the cytochrome P450 (CYP450)
enzymes. CYP1A2, CYP2C9, CYP2C99, CYP2D6,
and CYP3A4 are the CYP450 isoforms that
account for 90% of drug metabolism. The
ADMET of substances can be significantly
changed by CYP450. Therefore, determining
whether a substance is an inhibitor

or a substrate of these enzymes is crucial. When
substances attach to an enzyme's active site,
they change into metabolites, which might be
either the active form if the compound is a
prodrug or the inert form for clearance.
Excretion: Hepatic and renal clearances
combined make up total clearance, which is
correlated with bioavailability. With the
exception of AL gliptin, all commercially available
compounds have renal clearance that is more
dependent on other mechanisms, such as
glomerular filtration, and less on OCT2. It is
crucial when figuring out dosage rates to reach
concentrations in a steady state. Log mL/min/kg
represents the anticipated overall clearance of
the substances.

The toxicity The AMES test evaluates a
compound's mutagenicity potential using
bacteria. By identifying a compound's

Bull. Pharm. Res. 2025;15(52)

mutagenicity potential early in the drug
discovery process, dangerous medications may
be prevented from being developed. As a result,
they are not -carcinogenic. A compound's
hazardous threshold dose in humans can be
estimated using the maximum tolerated dose
(MTD). When determining a drug's maximum
suggested beginning dose, this information is
crucial. Low MTD values are those that are less
than or equal to 0.477 log mg/kg/d, and high
MTD values are those that are greater than 0.477
log mg/kg/d. For MTD, all antidiabetic
medications are within the prescribed range.
Skin sensitization: another drug-induced issue
that can lead to potentially fatal medical
disorders is skin sensitization, which can result
in allergic contact dermatitis.

Table 2: Excretion and clearance

Total Renal AMES Max RERGI [ RERG | OralRat | OralRat [ Skin
Clearanc 0cT2 toxicity | tolerated | inhibit I Acuie Chronic | Sensitis
& (log | substrare dose ar inhibic | Toxcity | Toxiity | ation
ml/min/ [haman) or [LD50] | [LOZEL)
kg) (log [mal/kg) (log
mg, kg /day mg/kg b
) w/day]
Meglirinide
Repaglicide 0.783 flo N DAED He No 2.51 L75E He
Nareglinide 1287 flo Ha 0.141 He No 2117 201 Ho
Migical 0.515 fio Ha 2.239 He Ho 2257 413 Ho
Thiazelidinedicnes
Picglitazone T flo Ha .41 He Ho 2258 1379 Ho
Rosiglitazone 0.107 flo Na 0.065 He No 2,652 L4k No
DP?- 4 Inhibitors
Sitagliptn 0474 fo Na -0.59 He No PNER] LEE Ho
Samgliptn 0.85 [ Na -0.435 He No 283 0.789 HNo
Alogliptin 0376 Tes Na 0317 He Tes 1411 L4k Ho
Liragliptin [EH [ Tes 0.7 He Tes 251 L1 HNo
Sulfonylareas
Cliclazide 0.741 flo Ha 0.033 He No 1.1El 1735 Ho
Glimepiride 0,551 fio Ha 047 He Ho 1542 0.891 Ho
CGhburide -0.155 flo Na -0.028 He No L70l 181 HNo
Chiorpropamide | -0.057 fio Ha 1151 He Ho 2335 154 Ho
Clipizide 1115 flo Na 0.043 He No L7 Lsle HNo
Talbutamide 0.953 [ Na 117 He No 2165 L1431 HNo
Tolazamide 0873 flo N DAED He No 2577 13 He
Metformin [N Hio Tes 0.502 Ne No 2453 2158 Tes
SCLT2 irhibitors
Dapaglifiozin 0.134 flo Ha 0.507 He No 1475 3.383 Ho
Canaglifiozin 0.035 fio Ha 0481 He Tes 2454 4325 Ho
Empagliflozin 0404 flo Na 0.25 He Tes 1554 351 HNo
Ermgliflozin 0.258 fio Ha 0265 He No 163 1801 Ho
GLP-1 receptar agonists
Liisenatide 0.785 fio No 113 Ne Tes 1781 1847 No
Exenatice -2.05 fo Na D438 He No 1482 14763 Ho
Semagluade 1613 [ Na 0.433 He No 2482 13393 HNo
Albiglutide -LEl flo N 0438 He No 1482 12374 He
Dulaghitide L flo Ha 0.433 He No 1482 17432 Ho
Liraghutide -1 fio Ha 0431 He Ho 2482 12863 Ho
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If log L/kg is less than -0.15, VDss is regarded as

low, if it is greater than 0.45, it is regarded as
high. A chemical is more widely distributed in

tissue than in plasma when its volume of

distribution is larger. The volume of distribution
of all antidiabetic medications is decreasing.

Predicting a chemical's capacity to pass through
the blood-brain barrier (BBB) aids in minimizing
lead compound toxicities or adverse effect
in enhancing the

Additionally, it can aid
effectiveness of medications that have
pharmacologic effects on the brain. While

chemicals with log BB below -1 are poorly

transported to the brain, those with log BB
greater than 0.3 can easily penetrate the blood-
brain barrier. The membrane permeability of all

the substances is low. Predicting a capacity of
compound pass through the blood-brain barrier

(BBB) aids in minimizing lead
toxicities or adverse effects
Drug-likeliness

compound

qualitatively assesses a compound's potential for

oral medication development in relation to its
bioavailability. It evaluates a compound's
similarity to currently available medications. The
five rule-based filters that make up the Swiss

ADME drug-likeness section are the Lipinski (the

origll rule-of-five), Ghose, Veber, Egan, and
Muegge. The Abbott bioavailability score, which
is based on the substances' total
topological polar surface area, and violation, is

Prediction of Toxicity:

Prior to starting the drug development process,
the online tool "Prediction of Toxicity of
Chemicals (Pro Tox-III)" (https://tox-
new.charite.de/protox_I11/) is specifically made
for predicting the toxicity of chemicals. Pro Tox-
IIl employs a sophisticated technique that
combines known hazardous components and
takes into account the distance between
unknown molecules and the average lethal dose
(LD50) of known substances. Potential
compounds' structural files are transformed into
SMILES format and uploaded to the Pro Tox
online site in order to evaluate toxicity.
Predicted LD50 values, toxicity levels, and other

charge,

Bull. Pharm. Res.

used by Swiss ADME.

Prediction Rules of Five Lipinski Table-3 showed
that the entire antidiabetic agent follows Lipinski
rule whereas compounds like Repaglinide,
Miglitol, Acarbose, Linagliptin Glyburide did not
meet the Ghose requirements, Repaglinide, I
gliptin Glyburide does not meet the Veber
requirement, Glipizide and glipizide did not meet
Egan requirement, whereas Repaglinide was the
only drug that do not follow
Muegge requirement. = Whereas  with few
exception GLP 1 class did not meet the rule for

drug likeness. All the compounds shows
Bioavailability between 0.17 to 0.85.
Table 3: Drug likeliness study
Lipinski | Ghose | Veber | Egan Muegge | Bivavailability
Repaglinide Yes No No Yes No 0.56
Nateglinide Yes Yes Yes Yes Yes 0.85
Miglitol Yes No Yes Yes No 0.55
Acarbose Yes No Yes Yes yes 0.55
Pioglitazone Yes Yes Yes Yes Yes 0.55
Rosiglitazons Yes Yes Yes Ves Yes 0.55
Sitagliptin Yes Yes Yes Yes Yes 0.55
Saxagliptin Yes Yes Yes Yes Yes 0.55
Alogliptin Yes Yes Yes Yes Yes 0.55
Linagliptin Yes No Yes Ves Yes 0.55
Gliclazide Yes Yes Yes Yes Yes 0.55
Glimepiride Yes No No No Yes 0.55
Glyburide Yes No No Yes Yes 0.55
Chlorpropamide Yes Yes Yes Yes Yes 0.55
Clipizide Yes Yes Yes No Yes 0.55
Tolbutamide Yes Yes Yes Yes Yes 0.55
Tolazamide Yes Yes Yes Yes Yes 0.55
Metformin Yes No Yes Yes No 0.55
Dapagliflozin Yes Yas Yes Yes Yes 0.55
Canagliflozin Yes Yes Yes Ves Yes 0.55
Empagliflozin Yes Yes Yes Yes Yes 0.55
Ertugliflozin Yes Yes Yes Yes Yes 0.55
Lixisenatide No No No Nao No 0.17
Exenatide No No No No No 0.17
Semaglutide No No No No No 0.17
Albiglutide No No No No No 0.17
Dulaglutide Yes Yes Yes Yes Yes 0.55
Liraglutide Yes Yes Yes Yes Yes 0.55

elements including cytotoxicity, immunotoxicity,
mutagenicity, carcinogenicity, and hepatotoxicity
are all included in the output. According to the
criteria of the globally harmonized system of
classification and labelling of chemicals, the Pro
Tox-III online server also determines a
chemical's toxicity class, classifying it from I to
VI based on the LD50 value.

Supportive technologies like Pro Tox III have
been developed to rapidly forecast the
potentially hazardous effects of candidate
therapeutic compounds in order to evaluate the
possible harm that particular chemicals may
cause to the human body. The comprehensive
prediction results in this section are displayed in
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table 4, which indicates that the marketed drugs’
anticipated lethal dose (LD50) falls between 3
and 4000 mg kg-1. The majority of medications
fall into classes 4 and 5, with the exception of
Acarbose and Glipizide, which come under
classes 3 and 6, respectively, according to the
toxicity grading scale, which classifies a chemical
as having toxicity level 5 if its LD50 value is
between 2000 and 5000 mg kg-1.

Liver toxicity:

caused by drugs is a pressing safety concern
during drug development and ranks among the
top reasons for drug attrition only Pioglitazone
shows hepatotoxicity. DPP- 4 Inhibitors,
Thiazolidinedione’s and Repaginide found to be
exhibiting Neurotoxicity, but do not exhibit
nephrotoxicity, where as other classes to some
extent shows nephrotoxicity. SGLT2 inhibitors,
Nateglinide, Acarbose were found to be showing
cardiotoxicity. But practically SGLT2 inhibitors
were found to useful for prevention of Primary
and secondary cardiovascular outcome [6l. None
of the compound shows carcinogenicity and
Mutagenicity. The consistency between in
silico and in vitro data found for mutagenesis [7]
Increased levels in circulating insulin as a result
of the use of sulfonylureas and glinides, insulin
secretagogues, have potential effects on cancer
biology. Cohort studies showed that the use of
sulfonylureas increases the risk of cancer
incidence and cancer-related mortality in
patients with type2 diabetes. However, this
cancer risk associated with sulfonylureas use
was found when compared with metformin
treatment. Indeed, clinical studies have shown
the association of TZDs use with the decreased
risk for liver, colorectal, lung, lymphatic,
prostate, stomach, kidney, and breast and brain
cancer in patients with diabetes. Although
current evidence suggests the association
between type 2 diabetes and the increased risk
of certain cancer incidence and poor prognosis,
the possibility that long-term use of antidiabetic
agents influences carcinogenesis has not been
fully discussed yet(8l.

Bull. Pharm. Res. 2025;15(52)

CONCLUSION

With little exception all of the drug-likeness
section composed of five different rules is
followed by marketed drugs. Furthermore,
toxicity predictions for these potential
compounds indicated LD50 values greater than
2000 mg kg-1, classifying them as having low
toxicity (Toxicity Class 5). This suggests that
these compounds are low in toxicity and safe,
acarbose shows Toxicity class 3 whereas
Glipizide shows Toxicity Class 6 which indicate it
moderate to high toxicity respectively. Few
drugs are found to be showing positive results
for neurotoxicity & nephrotoxicity whereas
SGLT2 class shows cardiotoxicity. The
predicated and actual results were found to
showing consistency with Insilco results with
few exceptions.
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ABSTRACT

This research paper provided a comprehensive evaluation of both generic and branded Metformin HCI
(500 mg) tablets through the measuring of the physicochemical parameters however, and performance
properties of each brand. Metformin is a big deal when managing type 2 diabetes mellitus. The objective
of this study was to determine whether generic metformin tablets could provide a safe and cost-effective
alternative to branded Metformin tablets. Accordingly, the researcher assessed a number of tests which
included visual inspections, thickness, hardness, friability, weight variation, disintegration time, and
dissolution rate. The results provided evidence that both, generic and branded metformin tablets
complied with the requirements in the pharmacopoeia, however branded formulations had
disintegration times that were faster and more uniform than the generic formulations. However, there
was only one parameter that was branding metformin tablet superior that the branded metformin
tablets were of better quality than generics tablets, however this supports the notion that generics can
provide an acceptable quality product. In conclusion, our research shows that they may be cost-effective,
alternative options for patients that made qualitatively equal products. This current study also
reinforces the notion that the generics are produced through good manufacturing practices, which may
also suggest that it may be beneficial to consider properly manufactured generics, particularly in
countries with limited access to medications as there is clinical benefit and treatment effect with
generics without compromising adherence and therapeutic effect without a discount on access to quality
products.
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INTRODUCTION

Branded medicine: It is the inaugural is permitted to market this brand-name

product developed by the pharmaceutical
industry. For a certain amount of time, it has
the exclusive right to produce and distribute.
A New Drug Application containing
information on proof of features of dosage
form, manufacturing, chemistry, stability,
efficacy, safety, labelling, and packaging is
required for the FDA to approve a brand-
name medication. only after FDA approval,
For the duration of patent protection (about
20 years or as indicated), the innovative firm

medication exclusively. [1]

Generic medicine: Generic medications are
ones for which the original patent has
lapsed, permitting other manufacturers to
create them. Different markets may define
“generic medicine” or “generic drug”
differently. But according to the World
Health Organisation (WHO), it is generally
understood to refer to a pharmaceutical
product that can be used in place of an
innovator product is produced without a
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license from the innovator company; and is
marketed after the patent or other exclusive
rights have expired.l2l Cost Effectiveness of
Generic Drug in Comparison to Branded
Drugs: Generally priced far less than their
brand-name counterparts, generic drugs are

Bull. Pharm. Res. 2025;15(S2)

more easily available to a larger population.
Patients who might be managing chronic
illnesses or need long-term medication use
will find this cost savings especially
helpful.[s]

POPULATION SURVEY FOR CHOICE OF DRUG BY

PATIENT

M Genericdrug M Standard drug

Fig 1 : population survey for choice of drug by patient

Diabetes mellitus (DM) is a condition in which
blood glucose levels are not adequately
controlled. Type 1, type 2, gestational diabetes,
neonatal diabetes, maturity-onset diabetes of
the young (MODY), and steroid-induced diabetes
are just a few of its numerous subtypes.l”l Among
other things, oxidative stress—which is brought
on by an increase in reactive oxygen species
(ROS)—is linked to type 2 diabetes (T2D) and
hyperglycemia. In most cell types, the primary
generator of ROS is the mitochondrial® The

Table:1 Details of Metformin Hydrochloride

mitochondrion is where metformin mostly acts.
Defective protein kinase A signaling is most
likely the cause of metformin's anti-
hyperglycemic action. Metformin  mainly
influences lipid metabolism by activating 5'-
AMP-activated protein kinase (AMPK).[3!

Drug Profile:

The first line of treatment for those with type 2
diabetic mellitus (T2DM) is metformin, a
biguanide derivative.[4l

Synonyms Metformin Hydrochloride

Chemical Formula C2H11N7 13

IUPAC Name 1,1-dimethylbiguanide hydrochloridey;
Half-time ~5 Hrs14

Shelf life 3 years from the date of manufacture.is
Molecular weight 133.16 g/molji13

Pka value -14.8313)

Bioavailability 31%y1¢)

Excretion Urine (90%) 1

Renal clearance (Cl,) 510+120 ml/min 14

CAS No. 1115-70-415)
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MATERIALS AND METHOD:

Visual Inspection:

Every brand of Metformin tablet is carefully
inspected during the visual inspection stage in
order to identify unique features including
shape, colour, and texture. This crucial step
makes it easier to visually detect any differences,
anomalies, or discrepancies between the tablets.
Physical instability is indicated by the following:
a) an abundance of powder and/or tablet
fragments at the bottom of the container (from
crushed, broken, or abraded tablets); b)
chipping, cracking, or capping in the tablet
coating or surfaces; c) swelling, mottling,
discoloration, or fusion between tablets; and c)
the presence of crystals on the tablets or
container walls. d) The presence of crystal on the
tablets or the walls of the container

Thickness (in cm):

As an initial control parameter, the tablet's
thickness is primarily correlated with its
hardness. Vernier callipers were used to
measure the tablets' thickness. A Vernier calliper
was used to measure the thickness of five
randomly chosen tablets, Desired thickness: 2.0 -
4.0mm

Hardness:

Tablet hardness was evaluated using a Monsanto
hardness tester and expressed in kilograms per
square centimetre (kg/cm?). Ten tablets from
each brand were randomly selected and
individually placed between the tester’s spindle
and anvil until fracture occurred. The pressure
Dissolution rate:

The dissolution rate was determined using an
ERWEKA  DT600  dissolution  apparatus
(Heidenstam, Germany) in simulated intestinal
fluid (pH 6.8). One tablet was placed in each
vessel containing 1000 mL of dissolution
medium maintained at 37 * 0.5 °C, with the
basket rotation speed set at 100 rpm. At
predetermined time intervals (10, 20, 30, 45, and
60 minutes), 10 mL of the sample was
withdrawn using a 10 mL pipette and
immediately replaced with an equal volume of
fresh dissolution medium to maintain sink
conditions. The withdrawn samples were filtered
through a 0.45 pm syringe filter, suitably diluted,
and analyzed using a UV-visible
spectrophotometer at Amax 233 nm. The drug
concentration was quantified with reference to a
standard solution of metformin hydrochloride

Bull. Pharm. Res. 2025;15(S2)

required to break each tablet was recorded.
According to pharmacopoeial requirements, the
desired hardness range is 4-12 kg/cm?.
Weight Variation:
A total of twenty tablets were chosen at random
and weighed separately. Each person's weight
was computed and compared to the average
weight. Each tablet's percentage deviation was
determined using the formula below. According
to BP, if no one deviates by + 10% and no more
than two of the individual weights differ from the
average weight by * 5%, the tablet passes the
test.[7]
Friability:
Friability refers to the tendency of tablets to lose
weight due to the removal of small particles from
their surface. It is expressed as a percentage of
weight loss. For the test, twenty pre-weighed
tablets were placed in the friabilator chamber
and subjected to 100 revolutions. During each
revolution, the tablets were lifted and allowed to
fall freely from a height of approximately six
inches. After completion, the tablets were
removed, dedusted, and reweighed to determine
the percentage weight loss.
Disintegration:
The disintegration time was determined using a
Multi-unit Disintegration Tester (USP,
Electrolab). For each of the eight brands, six
tablets were randomly selected and tested in
purified water maintained at 37 + 0.5 °C. The
disintegration time was recorded as the point at
which no tablet residue remained on the mesh.
RESULTS AND DISCUSSION

The in vitro dissolution profile of the branded
formulation was evaluated over a period of 60
minutes, and the results are summarized in Table
X. The drug exhibited a gradual release pattern in
the initial stages, with 11.32% release at 10
minutes, followed by 21.84% at 20 minutes and
34.78% at 30 minutes, indicating a slow onset of
dissolution. A sharp increase in drug release was
observed thereafter, with 61.67% at 40 minutes
and 91.45% at 50 minutes, reaching near-
complete dissolution of 98.52% within 60
minutes. This profile demonstrates that the
branded formulation achieves more than 85%
drug release within 50 minutes, complying with
the pharmacopeia dissolution criteria for
immediate-release solid oral dosage forms. The
in-vitro dissolution profile
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of the generic drug formulation was evaluated in
the specified medium, and the cumulative
percentage of drug release was calculated at
different time intervals. As shown in the table, the
formulation exhibited a slow initial release, with
8.38% drug dissolved at 10 minutes and 14.98%
at 20 minutes. A marked increase in dissolution
was observed thereafter, reaching 31.84% at 30

Bull. Pharm. Res. 2025;15(S2)

minutes and 56.39% at 40 minutes, indicating a
progressive release phase. The formulation
achieved a rapid and almost complete drug
release between 50 and 60 minutes, with 89.39%
release at 50 minutes and 91.39% at 60 minutes,
demonstrating compliance with pharmacopeia
specifications for immediate-release dosage
forms.

Standard Calibration Curve

Abs

Conc

y = 0.0109e0165
R? =0.9466

15 20

Fig:1 Standard Calibration curve

% Dissolution Generic tablets
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% Drug Release
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Fig:2 Generic tablet release
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% Dissolution Branded Tablets

120

100

80

60

% Drug Release

98.52

40 50 60 70

Time in minutes

Fig:3 Branded tablet release

Weight Variation
Tablet: 2 results of weight deviation

Average weight of tablets (mg)

Maximum
Percentage Deviation

IP USP
130> 802> +10
130-324 80-250 +7.

324< 250<

Initial Weight of 10 tablets: 5.96gm
Final Weight of 10 tablets: 5.89gm

Initial weight — Final weight

Weight loss =

_ 5.96 —5.89

5.96
_ .07 x 100
"~ 596

=1.174

Initial weight
x 100

Disintegration:

The disintegration characteristics of different
types of tablets were evaluated as per
pharmacopeial guidelines. Uncoated tablets were
tested in water or buffer at 37 + 2 °C, with a
disintegration time limit of 15 minutes. Film-
coated tablets were assessed in water under the
same  temperature  conditions, requiring
disintegration within 30 minutes. Sugar-coated
tablets were tested either in water or 0.1 N HCI at
37 % 2 °C, with a limit of 60 minutes. Dispersible
tablets were required to disintegrate in water at
25 + 1 °C within 3 minutes, while effervescent

100

tablets were tested in water at 25 £ 5 °C, with a
rapid disintegration requirement of 0.5 minutes.
Enteric-coated tablets were evaluated using a
two-stage medium: 0.1 M HCI for 2 hours (no
disintegration), followed by phosphate buffer pH
6.8 at 37 = 2 °C, where they must disintegrate
within 60 minutes. Soluble tablets were examined
in water at 20 + 5 °C, with a disintegration limit of
15 minutes. Disintegration time of generic tablets:
11.34 Mins, Disintegration time of branded
tablets: 3.28 Mins were found

Conclusion:

The present research was intended to thoroughly

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12, March 2025
Organised by PES Modern college of Pharmacy Nigdi Pune-44

301



Neharkar et al

assess the quality and performance of drug
quality and performance of drug metformin HCI
(500 mg) tablets and searched their
corresponding physicochemical parameters. The
primary goal was to establish if the generic forms
of metformin representation provide a safe and
cost-effective drug alternative to the branded
versions. A variety of parameters for example,
weight uniformity, tablet hardness, thickness,
friability, disintegration time and dissolution time
were measured. Although the data revealed that
all samples met pharmacopoeia standard values,
branded tablets were only faster on disintegration
rate and uniformity. However, branded tablets
demonstrated compliant compliance for most
parameters, thereby indicating  generic
compositions can serve as appropriate and cost-
effective options for clinical practice. The
implications of this study suggest that there is a
need to maintain high quality manufacturing

standards to ensure generics; quality is
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ABSTRACT

A robust, sensitive, and validated reverse-phase HPLC method was established for the quantification
of impurities in pharmaceutical formulations of cefdinir. Chromatographic separation was performed
using a Waters Symmetry C18 column with a mobile phase consisting of acetonitrile and pH 7.0 buffer
(85:15, v/v) at a flow rate of 1.0 mL/min. UV detection was carried out at 254 nm, and the method
exhibited linearity across a concentration range of 14.5-74.5 pg/ml. The developed method
demonstrated high precision with relative standard deviations below 2.0% and satisfactory accuracy,
yielding mean recoveries between 98.68% and 102.28%. The detection and quantification limits were
determined to be 0.7 pg/mL and 2.2 pg/mL, respectively. These results confirm the method’s
reliability and suitability for routine quality control analysis.

Keywords: Cefdinir, Impurity profiling, forced degradation, HPLC, HPTLC, stability study.
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INTRODUCTION
Impurities in  Active  Pharmaceutical the desired active compound. These may
Ingredients (APIs) are a growing concern in arise during synthesis or result from

pharmaceutical development, as both the
purity of APIs and the patterns of impurities
have become crucial indicators of drug safety
and efficacy [1]. In the pharmaceutical
context, the term “impurity” refers to any
substance present within an API that is not

degradation, and can appear as unintended
byproducts or contaminants [2]. Such
impurities may be introduced during the
manufacturing or formulation processes or
may form due to the decomposition of APIs
over time [3,4]. Regulatory authorities have

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12, March
2025 Organised by PES Modern college of Pharmacy Nigdi Pune-44

303



Fegade et al

increasingly focused on impurity profiling—
an analytical process for detecting,
identifying, and quantifying impurities in
drug substances and drug products [5]. By
definition, an impurity is a foreign substance
that contaminates or adulterates the main
material, often merging with it as an
undesired component [6]. Impurity profiling
encompasses a broad spectrum of analytical
methodologies aimed at detecting inorganic
impurities, organic impurities, and residual
solvents in both bulk drugs and finished
formulations [7,8]. These impurities can be
identified and characterized using various
analytical approaches, including the reference
standard  method [9], spectroscopic
techniques [10], separation methods[11],
isolation procedures [12], and structural
characterization tools [13,14]. A Forced
Degradation Study is a key component of
impurity profiling. It involves subjecting drug
substances or products to extreme
environmental conditions to study their
degradation pathways, kinetics, and potential
degradation products. These studies are
instrumental in the development of stability-
indicating analytical methods, understanding
drug stability, and identifying conditions that
might compromise product integrity. While
not required as part of formal stability

Bull. Pharm. Res. 2025;15(52)

formulation and packaging development.

Materials and Methods

Reagents and Chemical: Chemical’s
Cefdinir was  sourced from  Lupin
Pharmaceuticals, Mulshi, HPLC-grade

acetonitrile, methanol, and water, along with
AR-grade. Reagent’s : chloroform, acetone,
ammonia, glacial acetic acid, triethylamine,
diethyl amine, orthophosphoric acid,
dichloromethane, sodium hydroxide,
hydrochloric acid, and hydrogen peroxide
were procured from Merck Chemicals, Pune.
InstrumentationA Jasco V-630 UV-Visible
spectrophotometer was employed for
analysis. The instrument, equipped with a
deuterium lamp, operated in the 1100-190
nm range using 1 cm quartz cuvettes. Data
acquisition was performed via an integrated
computer system.

RESULT AND DISCUSSION
Stress degradation study by UV-Visible
Spectrophotometer Stock Solution

Preparation: To make a 100 pg/mL solution,
10 mg of Cefdinir was added in 80 mL of
methanol and then diluted to 100 mL. [51]
Analytical Wavelength Selection: A UV-Vis
spectrophotometer was used to scan a 20
ppm solution (2 mL stock solution in 10 mL
methanol) over the 200-400 nm range. The
highest absorption (Amax) was noted at 287

programs, forced degradation studies are nm,. [16]
essential during the early phases of drug
25
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Fig 1: UV-Spectrophotometer for pure Cefdinir

Validation Parameter’s

Validation ensures that a process consistently

meets its specifications and quality standards.

1. Linearity:

Within the validated range, the method
established a robust linear dependence on
absorbance and concentration.

2. Accuracy:

The method's accuracy verified via recovery
tests, wherein revealed that findings were
consistently within acceptable limits.

3. Precision:

Measurement consistency and repeatability
appeared high in both intra-day and inter-
day precision assessments.

4. Limit of Detection (LOD):

Without proper quantification, the technique

Table 1: Validation parameters

found the lowest analyte concentration that
could be detectable.

5. Limit of Quantification (LOQ):

The technique found the lowest analyte
concentration that could be evaluated with
an adequate level of accuracy and precision.

6. Robustness:

The method's performance was unaffected by
slight modifications in the experimental
setup, proving its dependability.

7. Ruggedness: The approach offered
consistent results under many conditions
and by various analyzers.

8. Specificity: The technique ensured
selectivity by efficiently distinguishing the
analyte from probable interferences. [15.16]

Sr. No. Parameter Result
1 Linearity indicated by correlation | 0.998
coefficient

2 Linear regression equation 0.048x + 0.037

3 Range 4 pg/ml - 24 pg/ml

4 Intraday Precision (%RSD) 1.7%

5 Interday Precision (%RSD) 1.005%

6 Limit of Detection 0.039 pg/ml

7 Limit of Quantification 0.120 pg/ml

8 Robustness indicated by % RSD 0.3265%

9 Ruggedness indicated by % RSD 0.5452%
Degradation study temperature for longer

Acid Degradation

Sample Preparation: Weigh ~10 mg of Cefdinir
and dissolve in a small amount of methanol or
water (e.g., 5 mL). Add Acid: Add an equal
volume (e.g, 5 mL) of 0.IN HCl (for mild
degradation) or 1IN HCl (for stronger
degradation). Incubation: Heat the solution at
60°C for 1-3 hours, or leave at room

durations.Neutralization: After degradation,
neutralize the solution with equimolar NaOH to
prevent further degradation and do analysis by
uv spectrophotometer

Base Degradation

Sample Preparation: Dissolve 10 mg of Cefdinir
in methanol (5 mL). Add an equal volume of
0.1N or 1N NaOH. Incubation: Heat at 60°C for
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1-3 hours, or leave at room temp for extended
time. Neutralize with equimolar HCl to avoid
extended degradation.

Oxidative degradation

Sample Preparation

Weigh an appropriate amount of cefdinir (10
mg) Dissolve in methanol to make a
concentration of 1 mg/mlL, Add equal volume of
3% H,0, solution to the cefdinir solution
(Example: 5 mL cefdinir solution + 5 mL of 3%
H,0,, Incubate at room temperature (25-30°C)
for 1 hour), Monitor the reaction at different
time points 1h to track degradation progress,
Use higher H,0, concentrations (10%) or
elevated temperature (60-70°C) to accelerate
degradation if needed. After the desired time,
quench the reaction by diluting with methanol
or removing excess H,0, by evaporation under
nitrogen or using sodium metabisulfite (a
reducing agent)

Bull. Pharm. Res. 2025;15(52)

Sample Preparation: Dissolve cefdinir in
methanol to prepare a 1 mg/mL solution. Place
solution in a clear glass/quartz vial or spread
solid powder thinly in a petri dish. Expose
samples in a photostability chamber according
to ICH Q1B: 1.2 million lux hours visible light,
200 watt hours/m? UV light , include a dark
control (wrapped in aluminum foil) to
distinguish between thermal and photolytic
effects. Withdraw samples and analyze using
UV-Vis spectrophotometer

Thermal Degradation

Sample Preparation: Solid: Place pure cefdinir
in a petri dish or glass vial. Solution: Prepare a
solution of cefdinir (e.g, 1 mg/mL in buffer or
methanol-water). Exposure Conditions: Expose
to 40°C, 60°C, or 80°C for varying durations (e.g.,
1, 3, 7, 14 days).For dry heat, place in an oven;
for solution, use a water bath. Ensure vials are
tightly closed to prevent evaporation and

Photolytic Degradation contamination. Cool the sample to room
temperature. Analyze by UV-Vis
spectrophotometer

14.00% -
11.94%
12.00% -
T 8.00% -
'8 6.32%
S, 6.00% -
8 4.05%
© 4.00% -
°© 1.79%
2.00% - .
0.00% T .
Acidic  Alkaline Oxidative Dry Heat Photolytic

Fig 2: Bar Graph Indicating Stress Degradations

Isolation and Characterization of Acid-
Induced Degradation Product via Flash
Chromatography

The degradation product formed under acidic

hydrolysis  conditions was successfully
isolated using flash chromatography on a
CombiFlash Companion system (Teledyne
[SCO), employing a Gold 80 column. A mobile
phase consisting of chloroform and methanol
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(1:1, v/v) was utilized, with gradient elution
applied after pre-adsorption of the
hydrolyzed sample onto silica gel. Six
fractions were collected, among which
Fraction 1 exhibited significant evidence of
degradation and was selected for further
characterization. Flash  chromatography
proved to be an efficient and cost-effective
technique for isolating degradation products,
commonly employed in pharmaceutical
stability studies. The isolated degradant was
thoroughly characterized using a range of
analytical techniques. UV spectroscopy
revealed a bathochromic shift in the
absorption maximum (Amax) to 268 nm,
indicating structural modification. HPLC
analysis, performed with a water:methanol

CONCLUSION

The present study successfully developed and
validated a robust, accurate, and economical
analytical method for the detection and
characterization of Cefdinir and its
degradation products. The forced
degradation experiments revealed that
Cefdinir is particularly susceptible to acid and
base hydrolysis, while it exhibited varying
stability under oxidative, photolytic, and
thermal conditions. Among the degradation
pathways, acid hydrolysis led to the
formation of a major degradant, which was
efficiently isolated using flash
chromatography—a rapid and cost-effective
technique. Comprehensive characterization of
the isolated impurity was achieved through
UV-Vis spectroscopy, HPLC, FT-IR, HR-MS,
and NMR analysis, confirming significant
structural modifications. This integrated
approach not only highlights the utility of
flash chromatography in impurity profiling
but also reinforces the significance of forced
degradation studies in understanding the
stability = behavior = of  pharmaceutical
compounds. The validated method and
findings are expected to contribute
significantly to the quality control,
formulation development, and regulatory
assessment of Cefdinir and its formulations.

Bull. Pharm. Res. 2025;15(52)

(80:20, v/v) mobile phase, confirmed the
presence of a distinct degradant peak. FT-IR
spectroscopy showed the emergence of
hydroxyl (-OH) stretching bands and the
disappearance of characteristic. absorption,
suggesting functional group transformation.
High-resolution mass spectrometry (HR-MS)
provided confirmation of the molecular
weight and fragmentation pattern, while *H
and '3C NMR spectroscopy (in DMSO-dg)
delivered detailed structural insights through
chemical shift analysis. Collectively, these
findings validate the successful isolation and
comprehensive structural elucidation of the
acid-induced degradant, highlighting the
critical role of flash chromatography in
impurity profiling and degradation studies.
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ABSTRACT

Carbohydrates are found in most of our everyday diet; however, sugar analysis is
difficult and inconvenient in food materials such as beverages, fruits and vegetables. Two
simple, easy, and rapid methods were developed for the determination of glucose
reducing sugar & total reducing sugar in various soft drink samples. A colorimetric
method was developed to analyse the soft drink samples (non-diet and not dark
coloured) and titrimetric method was developed to determine the total reducing sugars
in soft drink sample. The various soft drink samples obtained from market were
analysed for the glucose content in them using UV-Visible spectrophotometry and 3, 5
dinitro salicylic acid (DNSA) solution. The DNSA imparts colour to the sucrose standard
and samples and later the absorbance values were checked at 580 nm. The calibration
curve of the standard sucrose solution was plotted and the concentration of the samples
were determined using the calibration curve. The purpose of this study is to estimate
amount of glucose and reducing sugar in various soft drink samples and to study the
adverse effect cause by various soft drinks on human body.

KEY WORDS: Glucose, Soft drinks, Colorimetric method, reducing sugars, UV Visible
Spectroscopy.

Key words: Sertaconazole Nitrate, Chromatographic Method Development, Spectroscopic
Analysis, Stability-Indicating Methods
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INTRODUCTION

Sugars are major sources of energy, for
almost all living organisms. Plants produce
sugars by photosynthesis process and
convert them into different disaccharides
such as sucrose, or convert them into starch
for storage. The average human’s healthy
digestive system can only digest and

eliminate two to four teaspoons of sugar
daily, usually without noticeable side-
effects. 11 An excess of sugar in the diet
results in weight gain, thereby increasing
the risk of diabetes, heart disease, and high
blood pressure, apart from dental caries. It
is therefore important to know what
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amount of sugar is present in food and
beverages that are commonly consumed. [2]
For the determination of reducing sugars
like glucose, the sucrose present in the soft
drink samples must be broken down into
glucose. This is done by boiling it with
hydrochloric acid which then reacts with
DNSA which forms the basis for the
proposed method developed. This method

Bull. Pharm. Res. 2025;15(52)

is based on the colour which forms when
sugar is reduced from 3, 5 dinitro salicylic
acid (DNSA) to 3-amino-5-nitrosalicylic acid
as shown in Figure 1. In addition, the sugar
in soft drinks is highly concentrated to be
used for this method unless it is diluted.
The red-brown colour of the product is
detected at 580 nm. 3]

CHO COOH
OH H—t—O0H OH H—1—OH
HOOC NO. . _
e L e HOOC NH, HO——H
H——OH H—]—OH
NO, R E— NO, H—]—OH
CH,OH CH,OH
3, S-dinitrosalicylic acid D-Glucose 3-amino-S-nitrosalicylic acid D-Gluconic acid
(Yellow) (Red-brown)
1.1 Glucose: - Naturally occurring glucose is designated as
D-Glucose, the most abundant  the D form, specifically D-glucose. All sugars
carbohydrate belongs to the class of  that have the hydroxyl group on the highest
carbohydrates called  monosaccharides. numbered chiral carbon atom (C-5 in case of

Monosaccharides are carbohydrate molecules
that cannot be broken down to simpler
carbohydrate molecules by hydrolysis, so
they are sometimes referred to as simple
sugars. Glucose, also called dextrose, belongs
to a group of carbohydrates known as
monosaccharides. It is found in fruits and
honey and is the major free sugar circulating
in the blood of higher animals. [4 Glucose is
also present in the diet as part of the
disaccharides, sucrose (glucose and fructose),
lactose (glucose and galactose), and maltose
(glucose). It is the source of energy in cell
function, and the regulation of its metabolism
is of great importance (gluconeogenesis). The
compound D-(+)-glucose or dextrose is 2, 3, 4,
5, 6-pentahydroxyhexaldehyde, more
conventionally expressed as C6H1206, with a
molecular weight of 180.16 kDa. Glucose is
readily soluble in water in a powder form. D-
Glucose is both a polyalcohol and an
aldehyde. It is classified as an aldose, a
designation for sugars containing an aldehyde
group. [51 The ending -Ose signifies a sugar
and- ald signifies an aldehyde group.

glucose) positioned on the right-hand side are
arbitrarily called D-sugars, and all with a left-
hand positioned hydroxyl group on the
highest numbered chiral carbon atom are
designated as L sugars. [6] Two structures of
D-glucose in its open-chain, acyclic form
(called the Fischer projection) with the
carbon atoms numbered in the conventional
manner are given in Figure 2. D-Glucose and
all other sugars containing six carbon atoms
are called hexoses, the most common group
of aldoses. 7]

Glucose is the primary carbohydrate energy
source of vertebrates. In healthy humans,
fasting  blood glucose levels are
approximately 3.5-5.5 mmol 1-1 and increase
postprandially to values considerably <10
mmol I-1 (the renal threshold for complete
reabsorption, above which glucose ‘spills’
over into the urine). 81 Blood levels higher
than 7.8 mmol 1-1 2 h after a 75 g glucose load
are one of the diagnostic criteria for diabetes.
Glucose can also be synthesized de novo by
gluconeogenesis from the gluconeogenic
amino acids lactate, glycerol, and pyruvate.
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Breakdown of glycogen into glucose is known
as glycogenolysis. [9]

Glucose is present in fruits and vegetables; it
is responsible together with fructose and
sucrose for the sweet taste of vegetables and
fruit. With the exception of fruit such as green
banana, seeds (grain and dried legumes), and
tubers, in which starch is the major
carbohydrate form, foods containing glucose,
fructose, and sucrose in various ratios
comprise the major available (i.e., absorbable
in the small intestine) carbohydrate sources.
[10]

1.2 Physical Properties of Glucose:
Glucose is one of the most important
monosaccharides and plays a critical role in
biological systems. It exhibits a variety of
physical properties that reflect its structure
and functional groups.

e Appearance:
Glucose is a colourless, sweet-tasting,
crystalline solid. In its pure form, it appears
as a white powder or crystal. [11]
e Melting Point: The melting point of
anhydrous (dry) glucose is around 419 K
(146°C). However, glucose often exists as a
monohydrate in nature, which has a slightly
lower melting point of 391 K (118°C).[14]
e Solubility:
Glucose is highly soluble in water due to the
presence of multiple hydroxyl (-OH) groups
that can form hydrogen bonds with water
molecules. However, it is only sparingly
soluble in organic solvents like alcohol and
ether.
e Stability:
Glucose is relatively stable under normal
conditions. However, when heated strongly
or under acidic/basic conditions, it can
undergo decomposition and various chemical
reactions, such as caramelization or Maillard
reactions. [13]
¢ Density:
The density of solid D-glucose is
approximately 1.54 g/cm?.
e Polarity:
Due to the presence of multiple
hydroxyl groups, glucose is a polar
molecule, enhancing its solubility in
polar solvents like water. [14]
MATERIAL AND METHODS: -
Determination of reducing sugar (GLUCOSE)
in soft drink samples: -

Bull. Pharm. Res. 2025;15(52)

e Reagents: -
Sucrose stock solution (1000 mg/dL), Soft
drinks (non-diet, not dark-coloured), 6 M HCl
solution, 2.5 M NaOH solution, 0.05 M 3, 5-
dinitrosalicylic acid (DNSA) solution, distilled
water.

e Apparatus: -
Volumetric flasks, Test tubes, pipette, beaker,
analytical balance, stirring rod.

¢ Instrument: -
UV-Visible Spectrophotometer, Colorimeter.
Procudure: -
Five diluted sucrose stock solution as
standard where prepared of concentration
200,400,600,800 and 1000ug/ml.
Preparation of stock solution: -

e Diluted soft drinks were taken as
samples 2ml of each sucrose standard
and samples were pipetted out into
each different test tube. 2ml of
distilled water was pipetted out into
separate test tube taken as the blank
solution.

e To each test tube, 2ml of 6M HCI
solution was added and placed in
boiling water for 10 minutes.

Preparation of 6M HCL solution: -

Measure of 1ml of concentrated HCL using
a pipette. Carefully add it to a container
containing 1ml of distilled water and
then mix gently.

e Later to 8ml of 2.5M NaOH solution and
2ml of 0.05M DNSA solution were
added and the test tubes were
covered with parafilm and shaken
well to mix. [15]

Preparation of 8ml of 2.5M of NaOH
Solution: -
e Calculate the amount of NaOH
needed
Use the formula:
Moles = Molarity x Volume (in liters)
Molarity (M) = 2.5 mol/L
Volume =8 mL =0.008 L
Moles = 2.5 x 0.008 = 0.02 moles
Now convert moles to grams:
Mass (g) = moles x molar mass of
NaOH (= 40 g/mol)
—>Mass=0.02x40=08¢g
e Weigh 0.8 g of NaOH
Use a digital balance to measure 0.8
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grams of solid NaOH pellets or flakes.
e Dissolve in water

- Add a small volume (around 5-6 mL)
of distilled water into a beaker.

- Slowly add the 0.8 g of NaOH while
stirring until fully dissolved.

- Once dissolved, top up with more
distilled water to reach a final volume

of 8 ml.
Preparation 2ml of 0.05M of DNSA
solution: -
e Calculate DNSA mass needed-
Mass = 0.05mol/L

*0.002L*228.11g/mol = 0.0228¢g
e Weigh the DNSA
Using an analytical balance, weigh
22.8 mg of DNSA accurately.
e Dissolve the DNSA
Transfer the DNSA into a small beaker or
vial.
Add about 1.5 mL of distilled water.
Stir gently (or use a magnetic stirrer) until
completely dissolved.
e Adjust volume to 2 mL
Transfer the solution to a 2 mL volumetric
flask (or use a micropipette or graduated
cylinder).
Make up the final volume to 2.00 mL with
distilled water.
e The test tubes were placed in boiling
water for 5 minutes followed by ice
water for 10 minutes.

Bull. Pharm. Res. 2025;15(52)
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Graph 2: - The Calibration curve of
Concentrations of sugar in soft drink
samples.

Table 2: - Concentrations of sugar in soft

drink samples
AU CONCENTRATION
NAME (580nm) (ug/ml)
BLANK 0 0
MOUNTAIN
DEO 3.385 24251.26619
RED BULL 3.801 28232.11542
SPRITE 3.725 26782.64522
7 UP 2.791 18997.11739

e The absorbance of the 5 standardsi, CONCLUSION: -

were measured at 580nm using UV-
Visible spectrophotometer.

e The sample were measured for the
absorbance values at the same
wavelength and the concentrations
were calculated from the calibration
curve of standard dilution.

RESULTS AND DISCUSSION: -

The concentrations of sugar in the unknown
samples were acquired using the calibration
curve shown in graph 1 and calibration curve
of concentration of sugar in soft drink sample
is shown in graph 2

The increase in the demand of soft drinks in
the day to life which is been used as a
refreshment and also been used as mocktail
in various parties or marriage function. It is
been drunk by people in hot summer days to
feel refresh. Therefore, the determination of
sugar in soft drinks was performed using the
UV-Visible spectrophotometer using DNSA
solution. The method proposed is easy, rapid
and gives reliable results. Hence this method
can be used as a method to check amount of
glucose and reducing sugars in soft drink
samples. This determination of sugar can help
people to understand about which soft drink
is good or bad for our body and till what
extent it can be drunk so that it does not
cause and adverse effect on our body.

The UV-visible spectrophotometer technique
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is a rapid, sensitive, reliable and easy to use
method. The results produced using this
method are easy to study and understand.
The purpose of this study is to estimate
amount of glucose and reducing sugar in
various soft drink samples and to study the
adverse effect cause by various soft drinks on
human body.
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ABSTRACT

The study focuses on developing and validating innovative chromatographic and spectroscopic methods for
quantifying Sertaconazole Nitrate. Techniques such as UV-Visible spectrophotometry, HPTLC were employed
to evaluate stability and impurity profiling. HPTLC analysis utilized silica gel 60 F254 TLC plates with a
mobile phase of toluene, ethyl acetate, and methanol (5:4:1 v/v), resulting in an Rf value of 0.42. The UV-
Visible method showed good linearity between 4-24 pg/mL, with a correlation coefficient of 0.998. The
findings revealed significant susceptibility to oxidative and basic hydrolysis, while the drug displayed
moderate stability under acidic conditions. All methods were validated for accuracy, precision, linearity, LOD,
LOQ, robustness, and ruggedness, proving them suitable for quality control and ensuring the safety and
efficacy of Sertaconazole Nitrate formulations.
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INTRODUCTION

is an essential part of pharmaceutical quality

The standard of care for superficial fungal
infections such tinea pedis, tinea corporis, and
cutaneous candidiasis is sertaconazole nitrate,
a broad-spectrum antifungal medication that
belongs to the imidazole class. The main
explanation for its antifungal action is that it
inhibits the manufacture of ergosterol, which is
a crucial part of fungal cell membranes and
causes membrane breakdown and fungal cell
death. It is an efficient and well-tolerated choice
for treating fungal infections because, as a
topical preparation, it provides localised
treatment with less systemic absorption.[l
Sertaconazole nitrate is prone to the
development of contaminants and degradation
products throughout production, storage, and
administration, just like any other
pharmaceutical formulation. Impurity profiling

control since the presence of such impurities
can have a substantial effect on drug stability,
decrease potency, and present possible
toxicological hazards. Maintaining the drug's
therapeutic efficacy requires making sure it
stays stable, safe, and effective for the duration
of its shelf life.l2] To guarantee the safety and
quality of pharmaceutical goods, regulatory
bodies like the European Medicines Agency
(EMA), the United States Pharmacopoeia (USP),
and the International Council for
Harmonisation (ICH) stress the importance of
impurity analysis and stability studies.
Pharmaceutical development must include the
identification, measurement, and
characterisation of impurities in accordance
with ICH guidelines Q3A (R2) and Q3B (R2).
Reduced medicine potency, possible toxicity,
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non-compliance with regulations, and a shorter
shelf life might result from the presence of
unknown or high quantities of contaminants.[3]
Molecular Formula: Cz0H16CI3N304S
Chemical Name: 1-[2-[(7-chloro-1-
benzothiophen-3-yl) methoxy]-2-(2,4
dichlorophenyl) ethyl] imidazole; nitric acid.
Melting point: 146°C-161°C
Category: Anti-fungal agent

MATERIALS AND METHODS

UV spectrophotometry  involved  using
methanol as a solvent, with absorbance
measured at the maximum wavelength (Amax)
of 270 nm. For HPTLC, silica gel 60 F254 TLC
plates were used with a mobile phase of
toluene, ethyl acetate, and methanol (5:4:1
v/v), followed by densitometric scanning at 270
nm.4  All  analytical methods  were
systematically optimized and validated
according to ICH guidelines to ensure accuracy,
precision, robustness, and ruggedness,
providing reliable and reproducible
quantitative analysis.

UV-Visible Spectrophotometric Analysis
Preparation of stock & sample solution

10 mg of SN bulk drug API were precisely
weighed in a 10 ml volumetric flask and
dissolved in 10 ml of methanol solution to
create a stock solution of sertaconazole nitrate
that yielded concentrations of 1000 pg/ml or
1000 ppm. To achieve a 10 ppm concentration,
0.1 ml of the aforementioned solution was
transferred into a 10 ml volumetric flask and
diluted further by adding methanol to bring the
volume up to volume. 5]

Cl

(lw‘:: Sl KT/Cl

- o A& . HNO;
N%N/I Cl
—

Fig. 1 : Chemical structure of Sertaconazole

Nitrate

Determination of A max
Sertaconazole Nitrate solution of 10 ppm was
scanned under UV-Vis spectrophotometer in

Bull. Pharm. Res. 2025;15(52)

the range 200-400 nm against methanol as
blank and A max was obtained at 235 nm.l&l

pectrophotometric Conditions

Instrument: Shimadzu UV-1800

Solvent: Methanol

Wavelength of Maximum Absorption

(Amax): 270 nm
High-Performance Thin-Layer
Chromatography (HPTLC) Analysis
Preparation of standard solution:
The Sertaconazole Nitrate standard solution
can be made by precisely weighing a certain
amount of the reference standard and
dissolving it in a suitable solvent, like methanol,
to reach the required concentration. Then,
using an automatic sample applicator in band-
wise mode, the solution is applied to the Silica
gel 60 F254 TLC plates. The plates are
developed in a pre-saturated chamber using a
mobile phase made up of Toluene:Ethyl
acetate:Methanol in a ratio of 5:4:1 (v/v).
Following development, the plates are dried
and then subjected to densitometric scanning at
270 nm using a Camas TLC Scanner.l10
Chromatographic Conditions

Stationary Phase: Silica gel 60 F254 TLC

plates

Mobile Phase:

acetate:Methanol (5:4:1v/v)

Application Mode: Automatic

applicator in the band-wise mode

Densitometric Scanning: Performed at 270

nm using a Camag TLC Scanner

Rf Value of Sertaconazole

Approximately 0.42 + 0.03

Toluene:Ethyl

sample

Nitrate:
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RESULT AND DISCUSSION
Identification of drug
Table. 1 : Solubility of drug in various solvents

Sr. Name of Solubility T A | THoGm Caiege ol Prarmael—]
No. Solvent ! '
1. Methanol Freely soluble
2. Distilled water Insoluble
3. | Ethanol (96%) Sparingly

soluble
Table:2 Melting Point:
Sr. Observed M. P. | Standard M.
No. P.
1. 147°C 146°C-161°C

Fig. 2 : FT-IR of Sertaconazole nitrate

Table:3 FT-IR of Sertaconazole nitrate

Sr.no Wavenumber Functional Group
(cm™)
1. 3400-3200 N-H stretching (imidazole ring)
2. 3100-3000 Aromatic C-H stretching
3. 1700-1600 C=0 stretching (carbonyl group)
4. 1600-1500 C=C stretching (aromatic ring)
5. 1300-1200 C-N stretching
6. 1150-1050 S=0 stretching (sulfonamide group)
7. 900-800 C-Cl stretching (chlorine substitution)
The standard calibration curve was plotted showed sensitivity and suitability for

as Absorbance Vs. Concentration after the
absorbance was measured at 235 nm.
Within the concentration range of 10-100
pug/ml, this straight-line exhibited linearity.
It was discovered that the correlation was
0.998. The UV spectrophotometric method
showed peak absorption at 270 nm with a
linear regression equation of 0.048x + 0.037
and a correlation coefficient of 0.998. The

routine analysis.l&l

HPTLC Analysis

The considerable accuracy and precision
were also shown by the HPTLC method. The
Rf value for sertaconazole nitrate was
around 0.42 = 0.03 and linearity was seen in
the range of 100-600 ng/spot. Good
repeatability was shown by the procedure's

method demonstrated good precision with
percentage RSD values of 1.7% for intraday
fluctuations and 1.005% for interday
variations. At 0.039 pg/mL and 0.120
pg/mkL, respectively, the LOD and LOQ

%RSD values, which were 0.713% intra-day
and 0.763% inter-day. Experiments on
ruggedness and robustness show that the
method is stable under a range of conditions,
with percentage RSD values falling within
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acceptable boundaries.[8l

High-Performance Thin-Layer
Chromatography (HPTLC) is a modern and
sophisticated version of traditional thin-layer
chromatography, designed for both qualitative
and quantitative analysis of chemical
substances. It provides enhanced sensitivity,
accuracy, and reproducibility compared to
Table No. 4 : Summary of validation of
Sertaconazole Nitrate bulk drug

Sr. No. Validation Sertaconazole
Parameter nitrate
1. Linearity 31.043x-305.33
Equation
2. Accuracy (% | 97.05-99.89%
mean
recovery)
3. LOD 0.354
4. LOQ 1.073
5. Precision (%
RSD) 0.713%
Intra day 0.763%
Inter day
6. Range 100 - 600
7. Robustness 0.582
CONCLUSION

UV-Visible spectrophotometry was beneficial
for quick quantitative analysis but had lower
sensitivity compared to chromatographic
methods. Innovative chromatographic and
spectroscopic techniques for the accurate
quantification of sertaconazole nitrate were
successfully developed and confirmed by the

investigation. With an Rf wvalue of

approximately 0.42, the HPTLC method—

which uses silica gel plates and densitometric

scanning—produced reliable results. With a
correlation coefficient of 0.998, the UV-visible
spectrophotometric approach also
demonstrated high linearity. All analytical
methods underwent thorough validation in

accordance with ICH requirements, evaluating

attributes such robustness, ruggedness,
accuracy, precision, and linearity.
Sertaconazole Nitrate in bulk materials and
pharmaceutical formulations may be reliably
and consistently quantified using the
optimised procedures. The safe and efficient
use of sertaconazole nitrate in medical

Bull. Pharm. Res. 2025;15(52)

conventional methods.l11l HPTLC is especially
useful for analyzing multiple samples
simultaneously under the same conditions,
making it both time-efficient and economical.
Due to its straightforward procedure and
effectiveness in handling complex mixtures, it
is commonly employed in pharmaceutical,
clinical, and environmental studies.[12

therapies is supported by these test
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ABSTRACT

Drugs should be promoted as safe and therapeutically active formulations with consistent and
predictable performance. Therefore, quality is extremely important. Evaluation of the physical
properties of a drug can ensure quality, bioavailability and optimal therapeutic efficacy.
Metronidazole was chosen for this comparative test because it is widely used in the treatment of
amoeba and other microbial diseases around the world. The aim of this study was to compare the
quality of several brands of metronidazole tablets and to assess whether all brands follow IP
guidelines. There are several brands and forms of metronidazole in the market, produced by
various pharmaceutical companies under different product names. Two brands of 400 mg
metronidazole filmcoated tablets commercially available in India were collected for this study,
generics and brands were collected, and evaluation tests were performed using measurements of
diameter and thickness, weight variation, hardness, storage time, resolution profile, and UV method
analysis. The tests were performed using the methodology described in Pharmacopoeia. Based on
this data, the Metronidazole 400 has the lowest weight variation. Of all brands, this brand had the
lowest deposition time and the highest average hardness. The Brand Metronidazole 400 was the
worst spring time. Using a UV spectroscopic approach, the resolution patterns and efficacy of
metronidazole tablets in acidic (0.1 N HCI) medium at 278 nm were determined. All brands publish
more than 85% of the drug in 60 minutes, showing an acceptable resolution profile. The
Metronidazole 400 showed the maximum release of the drug at the required time interval between
these brands. Quality functioning must be strictly maintained for improved therapeutic benefits
and safe drug use.

Key words: Metronidazole, Evaluation Tests, Generic, Branded
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INTRODUCTION

Generic Drugs: The FDA states, "Drugs
comparable to branded products are property,
use, quality and performance, dosage form, and
disruption. This is a replica of a branded drug,
whose patent has expired and there is no sole
authority to produce and sell the drug. If
protection is made for the patent period in

which the original product is executed, other
producers may apply to the supervisory
authority to sell a general copy of the original
drug. The clinical benefit and the mode of
action of generic drugs are the same as that of
branded drugs. In other words, generic drugs
can be used as substitutes for branded drugs.
Generic drugs may have different appearances
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and inactive ingredients, but they all contain
the same active ingredients and similar
functions as drugs with the name brand.
Compared to branded medicines, common
alternatives are often cheaper. This is due to
the fact that the pharmaceutical business did
not have to spend money on its development
and funding. Almost every population segment
can afford it as it can be up to 95% cheaper
than branded drugs. They are cheap as many
manufacturers compete for the general version
and lower the post- patent price. Branded
Drugs: For a certain period, it has the exclusive
right to (patent) production and distribution.
New drug applications are required that
contain information on dosage form,
production, chemistry, stability, efficacy, safety,
labelling and packaging characteristics,
ensuring the FDA approves branded drugs.
Innovative companies can only sell this brand
of medicine after FDA approval (about 20 years
or as stated) for patent protection period
(about 20 years or as mentioned). This is the
most broadly available imidazole isomer in a
single NITR group. According to the World
Health Organization's main list of drugs,
metronidazole is classified as antibacterial,
anti-AAMIC, anti-protozoal, amoebicidal and
anti-giardiasis drugs.lll For the treatment of
pylori induced peptic ulcers in Helicobacter,
metronidazole is often used in combination
with other antibiotics, bismuth connections, or
proton pump inhibitors.[2! Infections caused by
anaerobic bacteria, such as intraperitoneal
infections, skin and skin structure,
gynaecological infections, bacterial sepsis,
bone and joint infections, central nervous
system infections, inferior bronchial infections,
inferior bronchial infections, and vaginal
bacterial infections, and vaginal bacterial
infections.[10.26] Metronidazole is an
antibacterial and anti-protozoal drug used to
treat infections caused primarily by anaerobic
bacteria and protozoa. The aim of this study
was to compare many metronidazole brands
available in the market whether tablet sample
brands maintain quality and receive a brief
overview of brand quality parameters for
comparative analysis. The effectiveness of
doses of pharmaceutical forms is usually
dependent on their formulation and
manufacturing process. Therefore, the quality
of the dosage form may vary. Metronidazole

Bull. Pharm. Res. 2025;15(52)

(C6H9N303) is a crystalline powder with a
white or yellowish colour, with saline solution
and bitter taste Koch salt solution, and is easily
dissolved in water. In addition to other forms
of dosage, metronidazole is usually available as
a film-coated tablet.[”.13241 Metronidazole was
first developed during the mid-1950s by the
Rhone-Poulenc laboratory in France and was
later introduced to the market under the brand
name Metronidazole. It entered commercial
use in France by 1960. The U.S. Food and Drug
Administration (FDA) approved metronidazole
in 1963, and in 1962, its antibacterial
properties were discovered. By 1966, it was
found to be effective against Entamoeba
histolytica, the protozoan responsible for
conditions like amoebic dysentery and liver
abscess.[¢] Remarkably, it became the first drug
to achieve nearly 100% cure rates when
administered systemically. Despite this, its use
against infections caused by anaerobic bacteria
such as Clostridium and Bacteroides species
did not become widespread until the 1970s.
Metronidazole is well-distributed throughout
body fluids and tissues. In the bloodstream, the
majority of the drug exists in its unchanged
form, while smaller quantities appear as
metabolites. Protein binding in plasma is
relatively low, with less than 20% of the drug
attached to proteins. Drug quality can be
evaluated using various criteria, including
chemical tests for active ingredients and
impurities under standard and stress
conditions, as well as physical tests like visual
inspection and invitro assays such as
disintegration and dissolution tests. In vivo
bioavailability studies also play a key role.[9.24]
For solid oral dosage forms like tablets, quality
parameters include hardness, friability, and
weight uniformity, with dissolution testing
being a commonly used method toassess
performance. The primary route of elimination
for metronidazole and its metabolites are via
the urine, accounting for approximately 60-
80% of the administered dose, while 6-15% is
excreted through the feces. The major urinary
metabolites result from side-chain oxidation
and glucuronide conjugation, of [1-(B
hydroxyethyl)-2-hydroxymethyl-5-

nitroimidazole and 2-methyl-5-nitroimidazole-
1-ylacetic acid] with unchanged metronidazole
comprising about 20% of the total. In healthy
individuals, the average elimination half-life is
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around eight hours. Anaerobic bacteria and
susceptible protozoa can selectively absorb the
unionized form of metronidazole, which is then
reduced intracellularly to its active form. This
activated form binds covalently to DNA,
disrupting its helical structure and ultimately
inhibiting nucleic acid synthesis, leading to the
death of the microorganisms.[16]

MATERIALS AND METHOD

Two different brands of metronidazole tablets
(400 mg), with 20 tablets collected from each
brand, were obtained one from a local
government hospital and the other from a
nearby pharmacy. Each sample was thoroughly
Diameter and Thickness

20 tablets from each batch were chosen and
diameter and thickness were measured and
diameter and thickness were measured
separately with vernier calliper. Every value
of reading was given in millimetres (mm). The
mean diameter and thickness were calculated
as well.

Weight Variation Test

The individual weights of 20 selected tablets
of every brand were measured in milligrams
using an electronic analytical balance, and
the mean weight was found with the data.
Next, the weight of each individual tablet was
compared to the average.

A tablet is said to pass the test if not more
than two tablets are above the percentage
limits and no tablet varies more than twice
the percentage limit.

Hardness Test

Hardness tends to measure the strength of
crushing of the tablet. 06 tablets from each
firm were utilized for measuring the
hardness of the tablet. Hardness was
measured utilizing the Monsanto Hardness
Tester. The tablet is inserted in the gap and
the force is subsequently applied utilizing the
screw mechanism until the tablet gets
crushed. Mean hardness was determined.
Friability

Test

10 tablets from both the brands each were
taken and weighed then wusing Roche
friabilator they were subjected to rotate.
Roche friabilator. The Roche friabilator is
%Drug Release

Cumulative amount release(mg) 100
= X
Strength(mg)

Bull. Pharm. Res. 2025;15(52)

examined for visual appearance, manufacturer
details, manufacturing and expiry dates, license
number and batch number.

Identification of Sample

Every brand contains 400 mg of metronidazole
per tablet and had a two to three-years of shelf
life. Every tablet was found in good condition,
either in a blister or a strip packaging. At the
beginning of the research project, the size,
shape, and colour of various branded tablets
were visually inspected. Table 1 displays the
label information for nine both the brands of
400 mg metronidazole tablets.

made out of a plastic chamber that rotates at
25 rpm. The tablets are dropped six inches
into the chamber, which rotates 100 times.
The expectable range of the tablet is 0.5 -
1.0%. Again, the weight of tablets was taken.
The expectable range of the tablet is 0.5 -
1.0%.

Formula for Friability:

Percentage weight loss =
Initial Weight—Final Weight
( g 98) x 100

Initial Weight
Disintegration Test
Using a tablet disintegration test apparatus,
06 tablets of each brand were used for the
disintegration test in distilled water at 37 °C.
The Disintegration time was noted and this is
time to completely disintegrate the tablet.
Dissolution Test
With the help of USP Type II dissolution test
apparatus (Lab India DS 8000), dissolution
test was conducted on three randomly
selected tablets. 900 ml of 0.1 N HCI solution
was utilized as dissolution
medium. Temperature was kept constant at
37+0.5 °C. Rotation was kept at 100 RPM.
Sample was taken at 5 min, 15 min, 30 min,
45 min, and 60 min. And diluted with 0.1 N
HCl. Absorbance was recorded at 278 nm.
Concentrations of the sample at the above
specified times were computed by utilizing
the y = mx + ¢ equation derived from API
standard curve. The formula as follows was
employed to calculate drug release
percentage and cumulative amount release
from these values.

Unlocking Horizons in Global Multidisciplinary Healthcare Research” Indo-US International Conference Date: 10-12, March 2025
Organised by PES Modern college of Pharmacy Nigdi Pune-44

321



Gite et al

RESULT AND DISCUSSION

The die and punches used to create the
tablets determine their thickness and
diameter. It is possible to prepare tablets
with different thicknesses and diameters
without changing their weights. Differences
in granule density, compression pressure,
and compression speed are typically the
Weight Variation Test

weight variation test aims to ensure
adequate tablet size, uniform formulation
content, and good manufacturing practice
(GMP).[291 The Indian Pharmacopeia gives
the criteria for the weight deviation for the
tablets.

Therefore, the given tablets weight is more
than 250 mg hence, weight variation must
be within + 5%. For Metronidazole 400
Weight of tablet + 5% = 488.5 + 5% =
512.93 mg Weight of tablet - 5% = 488.5 -
5% =464.07 mg For Metronidazole 400
Weight of tablet + 5% = 540 + 5% = 567
mg

Weight of tablet - 5% = 540 - 5% =513 mg
Both the tablets’ weights are within the
deviation range of + 5% and the test is
passed as no 2 or more tablets lies outside
the weight limit.

Hardness test The pharmaceutical market
employs a tablet hardness test to identify a
tablet's breaking point and structural
soundness under storage, handling, and
transit conditions before use.[16] Materials
used, the amount of binder, the
compression distance between upper
punches and lower punches, and pressure
applied in the compression all influence
hardness of the tablet. Several tablet
attributes, including dissolving, friability,
and disintegration, are affected by
hardness. Decreased dissolving and
increased

Friability Test

For Metronidazole 400

Initial weight = 5.09 gm

Final weight = 5.05 gm

% Weight loss =22

=0.785%
For Metronidazole 400
Initial weight = 5.63 gm

x 100

Bull. Pharm. Res. 2025;15(S2)

causes of variation in diameter and
thickness. From the above result
Metronidazole 400 tablet has the highest
diameter average i.e, 12.03 mm and
Metronidazole 400 tablet has lowest
diameter average i.e, 11.1825 mm. It was
found that Metronidazole 400 tablet has
highest thickness average i.e, 5.1025 mm
and the Metronidazole 400 tablet has lowest
thickness average i.e., 4.5335 mm.

Final weight = 5.57 gm

% Weight loss =>2—>27

5.63
=1.06%

[t is a method used to evaluate the physical
power of compacted pills once exposed to
mechanical impact and abrasion is termed
friability testing. The friability test reflects
the degree of mechanical stress that pills
can withstand during manufacture,
distribution, and customer handling.[24]
Based on IP the tablet friability should not
be more than 1%.The tablet as well as the
tablets' friability was discovered within
the range. The friability of Metronidazole
400 and Metronidazole 400 was found to
be 0785% and 1.06% respectively.
Disintegration Test

Disintegration time for Metronidazole 400
= 16.34 min Disintegration time for
Metronidazole 400 = 18.15 min A
disintegration test is conducted to
calculate the time taken by tablet to
dissolve. The disintegration test is crucial
for all the tablets as the drug's dissolution
rate is dependent on the time of
disintegration, which the absorption rate
and subsequent bioavailability of drug. As
per USP the average disintegration rate for
film coated metronidazole tablets must be
within 30 min. Both the tablets pass the
test with the disintegration time of 16.34
min and 18.15 min respectively.
disintegration time may be the results of
high values of hardness. Opposite to this,
low value of hardness may be caused by
high value of friability. Average hardness
of Metronidazole 400 was determined as
4.366 while the average of Metronidazole
400 was determined as 5.083.

Dissolution test

Dissolution is the method through which
the drug is being transferred into GI fluid

x 100
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solution as a dissolved state by its solid
dosage. Rate and extent of released drug
from any form of dose are quantified by a
dissolution study. The percentage released
of drug at a specific time is usually given by
the test. Dissolution tests are applied to
determine the variables affecting a drug's
bioavailability. At least 85% of the dose
given of film-coated metronidazole tablets
must be released in 60 minutes.

Absorbance for Flagyl 400
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Fig 1 : Calibration curve for Metronidazole
400 tablet
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Fig 2 : Calibration curve for Metronidazole
400 tablet
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Fig 3 : Comparative % drug release of
Metronidazole 400 mg tablet

The % drug release of Metronidazole 400
tablet after 60 minutes was found to be
96.75%. And the % drug release of
Metronidazole 400 tablet after 60 minutes
was found to be 94.29%. Although the rate
of this varied brand by brand, a study on
the drug release profile of each brand
within brand indicated that increasing
time was correlated with increasing drug
release. Even though the rate of dissolution
varied between brands, an intra-brand
comparison of the drug release profiles of
all the brands revealed that the drug
release increased with the progression of
time. Even though they were manufactured
by different brands in different
proportions of excipients, all the brands
possessed good dissolving profiles.

CONCLUSION

The aim was to study two different brands
of metronidazole marketed tablets that are
sold in India. Metronidazole has a low
solubility in water. Achieving the required
bioavailability is quite challenging because
of its low solubility. A patient's life
depends on the medication they take;
therefore, it must be both safe and
effective. Thus, we conducted a number of
formal and informal in vitro investigations,
including testing for potency,
disintegration, hardness, friability, and
weight variation. Our investigation shows
that practically all metronidazole brands
meet all pharmacopoeia requirements,
indicating good quality and efficacy. These
tests of quality control are necessary for
both bioavailability and therapeutic
efficacy. These studies should be carried
out more regularly because they are very
beneficial to the advancement of the
pharmaceutical industry as well as to raise
public knowledge of the caliber of
marketed pharmaceutical products.
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