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Drug-induced liver injury is a problem of increasing significance but has been a long-standing 
concern in the treatment of tuberculosis (TB). This study assessed the hepatoprotective effect of 
wortmannin, PI3K / Akt / mTOR inhibitor, on experimental induced isoniazid (INH) and rifampicin 
(RFP) hepatotoxicity in rats. Rats were given INH / RFP (50 mg / kg, orally; 21 days), followed by 
wortmannin (2 mg / kg, orally; 21 days). Final levels of liver enzymes - aspartate aminotransferase 
(AST), alanine transaminase (ALT), alkaline phosphatase (ALP), lipid peroxidation, antioxidant 
enzymes - superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), glutathione-s-

transferase (GST), glutathione (GSH), and inflammatory mediators - interleukin-1 beta (IL-1β), tumor 

necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) and wortmannin significantly reduces oxidative 
stress and inflammation due to INH / RFP-induced liver damage (p <0.001). Wortmannin modifies 
PI3K / Akt protein expression and Nrf2 / HO-1 on INH / RFP-induced toxicity in Western blot 
analysis. Histopathology (H&E) data provide evidence for the protective effect of wortmannin on INH 
/ RFP damage to rat liver tissue. In conclusion, the protective effect of wortmannin, a PI3K / Akt / 
mTOR inhibitor, against INH / RFP-induced liver injury is achieved by inhibiting the PI3K / Akt / 
Nrf2 / HO-1 pathway oxidative stress and inflammation. 
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INTRODUCTION 

TB is a major infectious disease that kills nearly 

2 million people each year. Tuberculosis ranks 

seventh among all diseases. Isoniazid (INH) and 

rifampicin (RFP) are the two main rules 

currently used to treat tuberculosis, and they 

last from 4 to 6 months and cause toxicity in the 

liver. When INH and RFP are used together, liver 

failure occurs. The prevalence of hepatotoxicity 

in India is 11.6%, while in Western countries it is 

4.3%. Hepatotoxicity induced by anti-TB drugs 

ranges from an uncertain increase in 
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transaminases to liver failure. Hepatic 
impairment is caused by the synergistic effect of 

INH and RFP [1,2]. Therefore, mechanisms 

involved in INH / RFP-induced hepatotoxic 

disease events include oxidative stress, 

inflammation, and apoptosis. The involvement of 

inflammatory and apoptotic pathways has been 

shown to cause hepatotoxicity, i.e. NF-kβ and 

PI3K / Akt. It is the regulator of antioxidant 

cellular defense genes, which stimulates the 

lower genetic activation of antioxidant enzymes 

such as HO-1. Nrf2 / HO-1 activation has been 

used in animal studies in previous studies to 
demonstrate mechanisms of liver protection 

against chemically-induced liver damage. 

Activation and regulation of these pathways can 

inhibit the pathogenic production of INH / RFP-

induced hepatotoxicity [3-5]. 

In this study, we validated and amplified 

previous results by demonstrating that INH and 

RIF-induced hepatotoxicity were correlated with 

the PI3K / Akt pathway. Using the PI3K / Akt / 

mTOR inhibitor wortmannin, we expanded the 

previous study by examining the effects of RIF-
induced pathogenic INH and PI3K / Akt / mTOR 

signaling on the liver and its morphology. 
 

MATERIALS AND METHODS 

Experimental protocol 

4–6-week-old male Sprague-Dawley rat (150–

180 g) were placed in a group in plastic cages, 

each group of six (n = 6) rat, in a light / dark 

cycle of 24±2 °C, holded for 1-12 h, adjusted to 
fit the experiment the week before. Animals are 

allowed to receive standard food pellets and free 
drinking water. Animals were selected/utilized 

following the international standards and 
policies of the National Institute of Health and 

the guidelines established by the Ethics 
Committee of Suresh Gyan Vihar University, 

Jaipur, Rajasthan in India. 

Rats were divided into three groups for 

experimental approaches. Group I (general 

control group); Group II (INH / RFP 50 mg / kg 
for treatment form); Group III (should be 2 mg / 

kg + INH / RFP 50 mg / kg). All Group II and 
Group III drugs were administered orally with a 

0.5% aqueous solution of Tween 80 for 21 days, 
while Group I mice were administered orally 

with an aqueous solution of Tween 80, over 21 

days with a single dose of 80 to 0.5% for 21 days. 

On the 22nd day, the animals were killed with 3% 

isofluorane under anesthesia and liver tissue and 

blood samples were collected. Liver samples 

were homogenized in phosphate buffer saline 

(PBS, pH 7.4) and centrifuged (12,000 g, 10 min, 
4 °C). The serum was obtained by centrifugation 

of a blood sample (1000 g, 4 °C, 10 min) and 

stored at 80° C for further biochemical analysis. 

The liver component of all groups was stabilized 

at neutral 10% formaldehyde. 

 

Biochemical analysis of liver enzymes and pro-

inflammatory markers 

Serum levels of ALT, AST and ALP were 

measured using a blood liver marker 

colorimetric assay kit according to the standard 

method provided by the manufacturer. Serum 
inflammatory cytokine levels of TNF-α, IL-1β, 

and IL-6 were analyzed using the commercially 

available diagnostic ELISA kit according to the 

manufacturer's protocol [6]. 

 

Biochemical analysis of hepatic oxidative 

stress markers 

The liver tissue supernatant was used to 

determine the levels of lipid peroxidation (MDA 

structure), GSH, antioxidant enzymes (GPx, CAT, 

GST, SOD) in the role of INH / RFP-induced 
hepatotoxicity and file. Oxidation pressure 

marker was determined using the standard 
colorimetric test kit according to the procedures 

provided by the manufacturer. Unit of measure 
was nmol/mg protein for MDA and GSH, unit of 

measure unit/mg protein for GPx, SOD, CAT, and 

GST [7]. 

 

Western blot analysis 

The liver tissue was homogenized in a RIPA 

buffer with a mixture of protease inhibitors and 

centrifuge (12,000 g, 10 min, 4 °C). The obtained 

supernatant BCA was used to measure ration 

itself as protein using the protein assay kit. Same 

amount of protein samples were separated by 
SDS-PAGE, transferred into a PVDF layer and 

fixed with 5% skimmed milk and PI3K (1: 500), 
PI3K (1: 500), a basic antibody with ACT (1: 500) 

(1: 1000), nuclear NRF2 (1: 1000), HO-1 (1: 
1000), β-actin (1: 5000), followed by HRP 

conjugated secondary antibody and rabbit 
antibody (1: 5000). Immunofluorescence was 

visualized with an improved chemical surface 

(ECL, ThermoScientific, USA) and measured by 
Image J Software (National Institute of Health, 

USA) [8]. 
 

Histopathological analysis 

Sections of the liver settled with formaldehyde 

were dried in an automated tissue processor, 
embedded in paraffin, cut to a thickness of 5 m, 
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stained with hematoxylin and eosin (H&E), and 
then optically microscopically examined with a 

digital camera (Olympus BX-60, Tokyo, Japan). 

Experimental group Pathological changes were 

observed, confirmed, and evaluated by unknown 

blind pathologists. 

 

Statistical analysis 

The data is presented as the average±SD of six 

animals analyzed by GraphPad Prism 6.0 

software. Differences between groups were 

analyzed by one-way analysis of diversity and 

later by a multiple comparison test conducted by 
Bonferroni. A significant difference was 

confirmed with P <0.05. 

 

RESULTS 

Effect of Wort on INH/RFP-induced liver 

enzymes 

Compared with normal mice, the liver enzymes 

AST, ALT, and ALP in the serum of INH / RFP-

induced mice were significantly increased (P 

<0.001). Compared with the normal group, the 

levels of AST, ALT, and ALP in the INH / RFP 
treatment group alone increased nearly twice (p 

<0.001). Compared with INH / RFP-induced 
mice, the serum ALT, AST, and ALP levels of mice 

pretreated with barley were reduced (P <0.001). 
The result is shown in Figure 1. 

 

 
Fig. 1. Effect of Wort on liver enzymes in 

INH/RFP-induced rats. Data were shown as 

mean±SD (n = 6). “z” represents statistical 

difference (p < 0.001) from normal group I, and 

‘c’ from INH/RFP-induced group II. 

 

Effect of Wort on INH/RFP-induced 

inflammatory cytokines 

In ELISA, inflammatory-activating cytokines 

TNF-α, IL-1β, and IL-6 levels in INH / RFP-

induced mice were found to be significantly 

increased by 96%, 48%, and 59% (p <0.001), 

respectively. The results were compared with 

normal control mice. Serum levels from the plant 

pre-treatment group significantly inhibited TNF-

α, IL-1β, and IL-6 (p <0.001) levels. The result is 

shown in Figure 2. 

 

 
Fig. 2. Effect of Wort on INH/RFP-induced pro-

inflammatory cytokines. Data were shown as 

mean±SD (n = 6). ‘z’ represents statistical 
difference (p < 0.001) from normal group I, 

whereas ‘c’ represents statistical difference 
(p < 0.001) from INH/RFP -induced group II. 

 
Effect of Wort on INH/RFP -induced oxidative 

stress markers 

Oxidative stress markers of GSH, SOD, CAT, GPx, 

and GST were reduced by 27%, 52%, 33%, 39%, 

and 31%, respectively (p <0.001), and MDA 
levels by 80% (p <0.001) compared to normal 

control mice INH / in rats induced by RFP). It 
must retain the activity of 68%, 62%, 58%, and 

43% of the antioxidant enzymes SOD, GPx, CAT, 
and GST (p <0.001). Furthermore, wort 

treatment increased GSH levels by 43% (P 
<0.001) compared to INH / RFP-induced mice, 

while MDA levels decreased by 46% (P <0.001) 

as shown in Table 1. 

Table 1. Effect of wort on INH/RFP-induced MDA, GSH and antioxidant enzymes in rats 
 

 

Data were shown as mean ± SD (n = 6). ‘z’ represents statistical difference (p < 0.001) from normal group I, whereas ‘c’ represents statistical 

difference (p < 0.001) from INH/RFP -induced group II. 

Treatment MDA 

(nmol/mg 

protein) 

GSH 

(nmol/mg 

protein) 

CAT 

(U/mg 

protein) 

SOD 

(U/mg 

protein) 

GPx 

(U/mg 

protein) 

GST 

(U/mg 

protein) 

Control 9.36±0.94 74.39±4.28 29.47±1.62 64.37±5.47 83.27±6.72 97.37±7.37 

INH/RFP 16.32±1.57 z 52.84±3.25 z 14.37±0.95 z 38.95±1.73 z 47.26±2.84 z 63.28±4.38 z 

INH/RFP+Wort 9.93±0.79 c 68.83±5.47 c 27.04±1.57 c 60.04±4.39 c 78.93±5.96 c 92.83±5.28 c 
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Effect of wort on INH/RFP-induced protein 

expressions 

The results of the Western Blot analysis showed 

that protein expression levels of phosphorescent 

PI3K, phosphorescent ACT, nuclear Nrf2 and HO-

1 in INH / RFP-induced mice were 

approximately 0.5-fold lower than in the normal 

control group (P <0.001). Compared with the 

INH / RFP induction group, the protein 

expression of the phosphorescent PI3K, ACT 

phosphorylation, Nrf2, and nuclear HO-1 in the 

barley treatment group increased approximately 

1.5–2 times (P <0.001). The result is shown in 

Figure 3. 
 

 
Fig. 3. Effect of wort on PI3K/Akt and Nrf2 signaling pathways in INH/RFP-induced rats. Protein 

expressions of PI3K, Akt, nuclear Nrf2 and HO-1 were measured using western blot analysis and β-

actin was used as loading control. Data were shown as mean±SD (n = 6). ‘z’ represents statistical 

difference (p < 0.001) from normal group I, whereas ‘c’ represents statistical difference (p < 0.001) 

from INH/RFP-induced group II. 

 

Effect of wort on INH/RFP-induced 

histopathological changes 

The effect of INH / RFP on hepatocyte 
morphology has been observed in H&E stains of 

liver segments. In the normal group of mice, 
hepatocytes were observed to have a normal 

sinusoidal curve, complete nucleation, and 
normal arrangement of healthy cell structures. 

In many cases, significant loss of cell boundaries, 
inflammatory cell infiltration, dilated sinusitis, 

and vascular cytoplasm was observed in INH / 

RFP-induced mice. Pre-treatment of aloe 
hepatocyte alignment significantly maintains the 

sinusoidal space, limits the infiltration of 
inflammatory cells, and reduces structural 

damage to hepatocytes, as shown in Figure 4. 
 

DISCUSSION  

The liver is an important organ for metabolic 

and functional nutrient storage. Moreover, the 

liver is an important organ for the detoxification 

of vital organisms. In most countries of the 

world, severe liver injury caused by drugs is a 

worrying condition. Xenobiotics synthesized in 

the liver undergo biotransformation through 
cytochrome P450 isoforms to form reactive 

oxygen species (ROS), which are harmful to liver 
cells. INH / RFP-related liver injury is induced by 

free radicals, or in other words, due to the 
pathogenesis of oxidative stress during a 

biological transformation of the drug. When it 
comes to treating conditions caused by oxidative 

stress, antioxidants have become a preferred 
option [9,10]. Wortmannin has been reported to 

have antioxidant and anti-inflammatory effects, 

supporting the efficacy of the compound in this 
study. Test for severe poisoning with rats has 

been reported to show no toxicity or mortality at 
400 mg/kg, so only wortmannin at 2 mg/kg can 

be considered non-toxic to rats.  
An important antioxidant effect is preventing 

lipid peroxidation against induced oxidative 
stress. Reactive oxygen species that cause lipid 

oxidation lead to the formation of 4-HNE, which 

in turn leads to the inflammatory response and 

other related pathways. 4-HNE and PGE2 

biomarkers and mediators of inflammation, 

which are clearly expressed in INH / RFP-

4 
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Fig. 4. Effect of wort on histopathological changes in INH/RFP-induced rats. Injury scores were 

given by a blinded pathologist on a scale of 0–4; 0 = no changes, 1 = mild changes, 2 = moderate 

pathological changes, 3 = bad injury and pathological changes, 4 = severe injury and inflammation. 

Black arrows indicate damaged hepatocytes due to necrosis/apoptosis, infiltration of 

inflammatory cells, and dilated sinusoids. Data were shown as mean ± SD (n = 6). ‘z’ represents 

statistical difference (p < 0.001) from normal group I, whereas ‘c’ represents statistical difference 

(p < 0.001) from INH/RFP-induced group II. Liver tissues were stained with H&E for pathological 
verification and viewed at 100 × magnification 

 
induced rat immune-histochemical results. This 

may be related to the proliferation of 
inflammatory-activating cytokines TNF-α, IL-1β, 

and IL-6 in rat INH / RFP-induced serum ELISA 

results [11,12]. These results have been 

supported by previous studies on experimental 

models of INH / RFP, which lead to oxidative 

stress and inflammation. Histopathological 

results also showed that wortmannin can inhibit 
lipid peroxidation in liver cell membranes and 

maintain cell boundaries and sinus curves. When 
liver tissue is structurally damaged, liver 

enzymes AST, ALT, and ALP usually enter the 
bloodstream. The presence of high serum liver 

enzyme concentrations indicates high liver 
damage, which is similar to the results only in 

the INH / RFP treatment group. According to 

histopathology results, wortmannin can 
significantly inhibit the structural destruction of 

liver cells and thereby reduce the release of liver 
enzymes into the blood [13-15]. The presence of 

inflammatory cells in INH / RFP-induced mouse 
histopathology departments indicates the 

presence of an inflammatory response that 
justifies ELISA results.  

In INH / RFP-induced rat immune clotting 

results, expression of the anti-apoptotic 

signaling protein PI3K / Akt was inhibited. 

Treatment with wortmannin significantly alters 

the apoptotic response by increasing the 

expression of the PI3K / Akt protein. Other 

researchers have reported similar results, 
emphasizing the importance of this control route 

in preventing severe INH / RFP-induced liver 

injury. Nrf2 / HO-1 is another important method 

of preventing oxidative stress and inflammation 

induced by INH / RFP. The Nfr2 and HO-1 gene 

play a key role in regulating antioxidant enzymes 

and protecting against oxidative stress and 
inflammation. The Nrf2-ARE route is a potential 

therapeutic target in the pathophysiology of liver 
damage by preventing oxidative stress and 

inflammation [16,17]. The activation of the Nrf2-
ARE pathway regulates specific genes that 

regulate antioxidant defenses such as glutamate-
cysteine ligase, swardoxin-1, and glutathione 

peroxidase-2. In addition to activation, it has 

anti-inflammatory and antioxidant effects on the 
stress response of the HO-1 gene, thereby 

protecting against ROS and oxidative stress. The 
Nrf2 pathway regulates glutathione metabolism 

and antioxidant response by activating Trx1-
PI3K / Akt-HIF1-HO-1 / Cyclin D1, thereby 

preventing liver damage from oxidative stress 
and inflammation. They are common PI3K / Akt 

regulators in cell proliferation and have signal 

transduction in the Nrf2 / HO-1 flow direction, 

which can prevent oxidative damage and 

inflammation. Activation of the Keap1 / Nrf2-

ARE pathway means that it negatively regulates 

5 
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anti-inflammatory cytokines, inflammatory 
mediators, their release factors, and apoptosis 

mediators, thereby directly or indirectly 

inhibiting NF-kβ and MAPK in the early stages of 

inflammation.  

Western Blot results showed that protein 

expression of atomic Nrf2 and HO-1 was reduced 

in PI3K / Akt, Nrf2, and HO-1 phosphorylation in 

INH / RFP-induced mice, while wortmannin was 

able to regulate protein expression [18,19]. 

According to the results of this study, the 

hypothesis includes the pathophysiology of            

INH / RFP-induced liver injury. The INH / RFP 
treatment group showed inactivation of the  

PI3K / Akt / Nrf2 / HO-1 pathway, although the 

NF-kβ pathway may have been activated because 

pro-inflammatory cytokines and stress markers 

are oxidized compared to the normal control 

group. Expression in groups increased 

significantly. Increased GSH expression, 

inhibition of antioxidant enzymes, and inhibition 

of pro-inflammatory cytokines in the 

wortmannin treatment group showed an 

increase in the expression of the PI3K / Akt / 
Nrf2 / HO-1 protein. These results are consistent 

with the results of other researchers [20-22]. 
Therefore, activation of the PI3K / Akt / Nrf2 / 

HO-1 signaling pathway can prevent severe           
INH / RFP-induced liver injury in mice. However, 

further pharmacokinetic studies on the 

treatment of wortmannin against wort drug-

induced liver injury need to understand the 

potential pathways and specific genes for the 
protective effect of wortmannin on the liver. 

 

CONCLUSION 

This study concluded that wortmannin showed 

effective liver protection from acute INH / RFP-

induced liver injury. The protective action taken 

by wortmannin can be demonstrated by 

activating the PI3K / Akt / Nrf2 / HO-1 signaling 

pathway to prevent oxidative stress, apoptosis, 

and inflammation. Increased activity of                   

GSH enzymes/antioxidants inhibits anti-

inflammatory cytokines and inhibits apoptosis-
inducing proteins, indicating that wortmannin 

can activate the Keap 1 / Nrf2-ARE pathway, 

thereby inhibiting NFkB. Furthermore, 

histopathology results showed the level of liver 

protection of wortmannin against INH / RFP-

induced liver injury. Therefore, this study 

demonstrated the potential of wortmanin as a 

potential candidate for improving liver disease. 

Further research is needed to determine the 

therapeutic efficacy of wortmannin as an 

adjunct. 
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