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Nicotinic acid (NA), which is relatively abundant in foods that people consume daily, was 
administered together with di(2-ethylhexyl) phthalate (DEHP) to rats to examine its effects on DEHP 
toxicity. Four-week-old male SD rats were divided into control, DEHP, NA, and DEHP+NA groups (6 
rats per group). The treatment groups were fed 1% (w/w) DEHP diets and/or 0.5% (w/w) NA water 
for one week. Obvious testicular atrophy was observed in the DEHP group. On the other hand, the 
testis weight of the DEHP+NA group was significantly higher than that of the DEHP alone group. In 
the liver, both the DEHP alone and DEHP + NA groups showed similar levels of hypertrophy. Blood 
biochemical tests showed that the blood glucose level in the DEHP-alone group was significantly 
lower than that in the control group, while the blood glucose level in the DEHP+NA group was not 
different from that in the control group. Plasma total cholesterol and HDL cholesterol were 
significantly lower in the DEHP alone and DEHP+NA groups than in the control group. However, HDL 
cholesterol in the DEHP + NA group was slightly higher than in the DEHP group. NA was found to 
prevent testicular atrophy and hypoglycemia caused by DEHP. 
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INTRODUCTION 
Polyvinyl chloride products containing di(2-
ethylhexyl) phthalate (DEHP) are used in an 
extremely wide range of applications, including 
construction materials, household goods, toys 
and medical devices, and so the opportunities for 
DEHP exposure in daily life are high. DEHP has 
been shown in animal studies to adversely affect 
the testes, liver, kidney, and endocrine system 
[1-11], and there is concern that environmental 
exposure may adversely affect human health [12, 
13]. Although the mechanism of toxicity is not 
fully understood, it is thought to be closely 
related to the fact that phthalate metabolites 
such as mono(2-ethylhexyl) phthalate (MEHP) 
stimulates peroxisome proliferator-activated 
receptors and disrupts carbohydrate and lipid 
metabolic systems, generating oxidative stress 

[14-19]. On the other hand, many nutrients are 
ingested through the gastrointestinal tract via 
food, beverages, etc., in which the presence of 
substances that may influence DEHP toxicity 
expression is considered.  
Nicotinic acid (NA), which is relatively abundant 
in daily food intake, is essential for energy 
metabolism and DNA synthesis, and is also 
known for its potent antioxidant action and 
inhibition of apoptosis [20, 21].  
Therefore, an ameliorative effect of DEHP and its 
metabolites on the load on the lipid metabolic 
system and inhibition of oxidative stress are 
expected. In present study, the effects of 
concurrent consumption of drinking water 
containing nicotinic acid, a hydroxyl radical 
scavenger, on toxicity in rats exposed to dietary 
DEHP, are reported. 
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MATERIALS AND METHODS 
Chemicals and animal diet  
Chemical purity was >97%. DEHP was 
purchased from Wako Pure Chemical Industries, 
Ltd. (Osaka). The CE-2 diets (Clea, Tokyo, Japan) 
containing DEHP was prepared by Oriental Yeast 
Company (Chiba). MEHP was purchased from 
Tokyo Kasei Kogyo Co. Ltd. (Tokyo). All other 
chemicals were of the highest grade available 
from commercial sources. 
 
Animals and ethics 
Male Sprague-Dawley rats aged three-week-old 
purchased from Charles River (Kanagawa) were 
housed at the Laboratory Animal Center of 
Kagawa University. They were acclimated at 22-
24 °C and 50-60% relative humidity with a 12 h 
light/dark cycle. Experiment protocols had the 
approval by University Animal Committee. 
 
Experimental design  
Four-week-old rats weighing 123.8 ± 2.8 g were 
divided into four groups of six rats each. The 
treatment groups were fed diets containing 1% 
(w/w) DEHP and/or 0.5% (w/w) NA water for 
one week. The control group was fed normal 
feed and tap water. At the end, the rats were 
sacrificed. Organs were removed and weighed. 
Plasma and organs were frozen at -40°C until 
MEHP/biochemical parameter measurements. 
 
MEHP analysis in plasma and testis 
The MEHP levels in organs and plasma were 
determined by HPLC [22].  

Metal analysis in testis  
Metals in wet-digested testes were analyzed by 
the previously reported flame atomic absorption 
spectrometry [23]. 
 
Plasma biochemical parameter 
measurements 
Plasma levels of glucose, total cholesterol, high 
density lipoprotein cholesterol and triglyceride 
were measured using an automated biochemical 
analyzer, Hitachi 7600 (Hitachi, Japan). 
 
Statistical analysis 
Results were expressed as means±standard 
deviations (SD). A one-way ANOVA test followed 
by Tukey's multiple comparison test and 
multiple linear regression analysis was 
performed to compare treatment groups. A value 
of p < 0.05 was considered statistically 
significant. 
 
RESULTS 
Body weight and organ weight are shown in 
Table 1. Body and testes weight in the NA group 
did not differ from the control group; in the 
DEHP group, body weight was little different 
from the control group, but testes weight was 
significantly lower than in the control group; in 
the DEHP+NA group, body weight was little 
different from control group, but testes weight 
or relative testicular weight (% of body weight) 
was significantly higher than in the DEHP group. 
In the liver, both the DEHP alone and DEHP + NA 
groups showed similar levels of hypertrophy.

 
Table 1. Body and organs weight DEHP and nicotinic acid (NA) treated rats.*p<0.05, **p<0.01,  

***p<0.001, as compared to control, #p<0.05, ##p<0.01, ###p<0.001, as compared to DEHP 
 

Group Control (n=6) NA (n=6) DEHP (n=6) DEHP+NA (n=6) 
Initial body weight(g) 123.8±2.8 119.5±3.7 123.5±3.3 122.3±4.4 
Final body weight (g) 183.3±9.2 187.6±4.9 181.7±8.0 177.2±13.8 

Testes (g) 1.71±0.12### 1.81±0.08### 1.11±0.15*** 1.53±0.35 
Relative testicular weight (%) 0.94±0.06### 0.97±0.05### 0.61±0.09*** 0.86±0.19 

Kidneys (g) 1.86±0.10 1.91±0.12 1.84±0.11 1.99±0.18 
Relative kidney weight (%) 1.01±0.06 1.02±0.06 1.01±0.05 1.12±0.06 

Liver (g) 9.03±0.88### 8.51±0.45### 13.95±1.07*** 13.27±2.08*** 
Relative liver weight (%) 4.93±0.42### 4.54±0.31### 7.68±0.49*** 7.46±0.62*** 

 
Table 2. Plasma and testicular MEHP concentrations 

 

 Control (n=6) NA (n=6) DEHP (n=6) DEHP+NA (n=6) 
Plasma MEHP (μg/ml) BDL> BDL> 43.1±8.6 33.9±7.3 

Testis MEHP (μg/g) BDL> BDL> 5.4±1.2 4.6±1.6 
 

*BDL: Below the detection limit 
 

As shown in Table 2, MEHP concentrations in 
plasma and testis in the DEHP+NA group were 

slightly lower than in the DEHP group. As shown 
in Figure 1, the relative testicular weights of the 
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Fig. 1. Relationship between relative testicular weight, plasma MEHP and testicular MEHP 

 
control and DEHP groups showed a strong 
negative correlation with plasma MEHP 
concentration and testicular MEHP 
concentration, and a strong positive correlation 
was shown between plasma MEHP 
concentration and testicular MEHP 
concentration. In contrast, the relative testicular 
weights of the NA and DEHP + NA groups 
showed weak negative correlations with plasma 

MEHP concentration and testicular MEHP 
concentration, and the slope of the regression 
line was more moderate than that of the control 
and DEHP groups. Plasma MEHP concentration 
and testicular MEHP concentration showed a 
strong positive correlation, but the slope of the 
regression line was more moderate than that of 
the control and di(2-ethylhexyl) phthalate 
(DEHP) groups. 

 
Table 3. Testicular metal concentration of the rats treated with DEHP diet and nicotinic acid (NA)  

water for one week. *p < 0.05, **p < 0.01, ***p < 0.001 as compared to Control. #p < 0.05,  
##p < 0.01, ###p < 0.001 as compared to 1% DEHP alone 

 

Group Control (n=6) NA (n=6) DEHP (n=6) DEHP+NA (n=6) 
Zn (ppm) 20.2±2.8 18.9±2.1 17.8±2.4 20.4±2.1 
Fe (ppm) 13.8±1.8## 14.2±1.3## 29.9±2.2** 15.8±4.3 
Cu (ppm) 1.5±0.1## 1.4±0.2## 2.2±0.2** 1.9±0.4** 
Ca (ppm) 12.1±1.7## 12.3±1.8## 17.3±3.7** 14.9±4.8* 

 
Testicular metal concentrations are shown in 
Table 3. Metal concentrations in the NA group 
did not differ from the control group; in the 
DEHP group, Zn concentration was slightly lower 
than in the control group, but Fe, Cu and Ca were 
significantly higher than in the control group; in 
the DEHP+NA group, only Cu was significantly 
higher than in the control group. As shown in 
Figure 2, testicular Fe, Cu and Ca were closely 
correlated with relative testicular weight, but Zn 
was not. A stepwise multiple regression analysis 
using  the testicular  metal concentration  as   the  

objective variable and relative testicular weight, 
testicular MEHP concentration, and NA 
treatment as explanatory variables showed that 
relative testicular weight and testicular MEHP 
were significant independent variables of 
testicular Cu concentration (Figure 3, Table 4). 
Plasma biochemical parameter (Table 5) 
showed that the plasma glucose level in the 
DEHP-alone group was significantly lower than 
that in the control group, while the plasma 
glucose level in the DEHP+NA group was not 
different from that in the control group. 
 

Table 4. Stepwise multiple regression analysis with testicular Cu concentration as the objective variable 
and relative testicular weight, testicular MEHP concentration, and NA treatment as explanatory variables 

 

Independent variables 
Estimated 
regression 

coefficient β 

95% confidence interval Partial 
regression 

coefficient β 
p-value 

Cumulative 
R2 Lower bound Upper bound 

Intercept 2.748 2.156 3.339 - 0.000 - 
Relative testicular weight -1.388 -1.995 -0.780 -0.572 0.000 0.780 

Testicular MEHP 0.082 0.033 0.130 0.422 0.002 0.862 
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Fig. 2. Relationship between testicular metal concentrations and testicular MEHP 

 
Fig. 3. Relationship between testicular metal concentrations and relative testicular weight 

 
Plasma total cholesterol and HDL cholesterol 
were significantly lower in the DEHP alone and 
DEHP+NA groups than in the control group. 
However, HDL cholesterol in the DEHP + NA 

group was slightly higher than in the DEHP 
group. Triglycerides were slightly lower in the 
DEHP alone and DEHP+NA groups than in the 
control group. 
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Table 5. Plasma biochemical parameters of the rats treated with DEHP diet and nicotinic acid (NA)  

water for one week. *p < 0.05, **p < 0.01, ***p < 0.001 as compared to Control. #p < 0.05,  
##p < 0.01, ###p < 0.001 as compared to 1% DEHP alone 

 

 Control (n=6) NA (n=6) DEHP (n=6) DEHP+NA (n=6) 
Glucose (mg/dl) 171.5±46.8## 180.8±41.2## 72.7±34.3** 162.2±19.4## 

Total cholesterol(mg/dl) 90.0±9.6# 77.0±4.4* 77.5±6.2* 58.8±6.5*** 
HDL cholesterol (mg/dl) 28.2±2.5## 27.5±2.8## 20.7±4.4** 23.2±2.1* 

Triglycerides (mg/dl) 22.5±12.8 25.3±8.8 17.0±2.4 16.5±4.8 
 
DISCUSSION 
DEHP is known to be a potent oxidative stressor 
in mammals [24-26]. Oral exposure to high 
concentrations of DEHP causes testicular and 
hepatotoxicity in rodents [1-8]. MEHP, the active 
metabolite of DEHP, stimulates peroxisome 
proliferator-activated receptors and increases 
carbohydrate and lipid metabolism [14-19]. The 
oxidative stress generated may be closely related 
to DEHP toxicity. In the present study, we 
examined the effect of NA, a potent radical 
scavenger, on DEHP-induced testicular and 
hepatotoxicity, and found that NA significantly 
inhibited the decrease in DEHP testicular weight. 
In the control and DEHP-only groups, there was 
a strong negative correlation between plasma 
MEHP concentration or testicular tissue MEHP 
concentration and testicular relative weight, 
indicating a close relationship between MEHP 
and testicular atrophy, but the association 
between MEHP and testicular weight in the NA-
treated group was weaker and the slope of the 
regression line was less. Distribution ratio of 
MEHP between plasma and testicular tissue 
showed a suppressive trend with NA treatment. 
In the DEHP group, testicular Zn concentration 
was slightly lower than in the control group, but 
Fe, Cu and Ca were significantly higher than in 
the control group; in the DEHP+NA group, only 
Cu was significantly higher than in the control 

group. In addition, increased concentrations of 
Fe, Cu, and Ca in the testes were found to be 
closely related to decreased relative testicular 
weight. Furthermore, multiple regression 
analysis suggested that MEHP concentration in 
the testis was significantly related to increased 
Cu concentration in the testis. This suggests that 
the oxidative stress of MEHP may induce the 
SOD enzyme [26, 27]; SOD contains a large 
amount of Cu, which may be a factor in the 
induction of Cu in the testes. In addition, 
administration of NA slightly improved zinc 
levels, which may indicate that it prevented 
germ cell apoptosis [28, 29]. 
NA did not improve plasma TCH, HDL-C and TG, 
but prevented DEHP-induced hypoglycemia; it 
has been reported that MEHP-activated PPAR-γ 
promotes lipid metabolism, while the reactive 
oxygen species produced promote insulin 
secretion [30-32]. The antioxidant NA may 
regulate insulin hypersecretion and protect 
against tissue damage caused by hypoglycemia-
induced oxidative stress [33, 34]. 
 
CONCLUSION 
The effect of co-administration of NA on toxicity 
induced by DEHP, known as an endocrine 
disrupting chemical, in rats was investigated. NA 
was found to have a significant effect in 
preventing testicular atrophy and hypoglycemia. 
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