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Abstract 

     The protective effect of vitamin E against acetaminophen (paracetamol) induced 
hyperlipidemia in female rabbits was tested. Twenty female rabbits were randomly 
divided into four groups (five animals in each group). The first group was dosed 
with acetaminophen at 200 mg/kg (BW). The second group was dosed with 50 
mg/kg. BW of vitamin E and the third group was treated with 200 mg/kg (BW) of 
acetaminophen and 50 mg/kg (BW) of vitamin E, while the last was administered 
with distilled water and considered as a control group. These animals were orally 
dosed using a micropipette for 14 days. 
The results showed that there was a significant (P<0.05) increase in serum 
cholesterol, triglycerides, low-density lipoprotein (LDL), very low-density 
lipoprotein (VLDL) concentrations and atherosclerosis index except high-density 
lipoprotein (HDL) which decreased significantly in the treated group with 
acetaminophen compared with the control group. On the other hand, these above-
mentioned parameters decreased significantly (P<0.05) except HDL concentration in 
the group treated with vitamin E compared with the control group. Concerning the 
animals treated with acetaminophen and vitamin E, the results also showed that 
these above mentioned parameters decreased significantly (P<0.05) except HDL 
concentration compared with the group treated with acetaminophen and no 
significant (P≥0.05) difference in the above mentioned parameters compared with 
the control group. 
In conclusion, the antioxidant vitamin E may reduce the oxidative modification of 
LDL by acetaminophen and may be used as a therapeutic agent in preventing the 
development and progression of atherosclerosis.  
Key words: Acetaminophen, vitamin E, cholesterol, triglycerides, high-density 

lipoprotein, low-density lipoprotein. 
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Introduction  
     Paracetamol or acetaminophen is an 
effective, well-tolerated and popular domestic 
analgesic and antipyretic for adults and children 
[1, 2, 3]. It is a major metabolite of the now 
obsolete phenacetin, with an analgesic effect, 
which is similar to that of aspirin. Although 
generally considered a safe drug, it continues to 
be a cause of death through overdose, idiopathic 
reaction, or synergism with alcoholic liver 
disease. Death from acetaminophen overdose is 
thought to be secondary to liver failure, which is 
caused by massive hepatic necrosis, the 
hallmark pathological feature of acetaminophen 
toxicity [4]. Acute liver failure caused by 
acetaminophen has been attributed to the 
metabolic activation of acetaminophen to a toxic 
metabolite, N-acetyl-p-benzoquinone imine 
(NAPQI) in the liver by cytochrome p450 
isoenzymes especially CYP2E1. It was found 
that NAPQI depletes liver glutathione thereby 
inducing oxidative stress. It also binds to vital 
cellular and mitochondrial proteins leading to 
cellular necrosis, and activates cells of the 
immune system leading to the release of pro-
inflammatory cytokines [5]. Acetaminophen-
induced hepatic injury is mediated through an 
increased lipid peroxidation in hepatic tissues 
[3]. In addition to liver, however, many organ 
systems may fail under acute overdose such as 
renal, cardiac and   central nervous systems [6]. 

Acetaminophen, easy available as well 
as ease of acquisition to the public even without 
prescription, has led to the increase in reported 
cases of toxicity caused by paracetamol [2]. 

Furthermore, it has been reported that the toxic 
effects of acetaminophen are the result of 
oxidative reactions that take place during its 
metabolism [1].  
     On the other hand, antioxidants play an 
important role in inhibiting and scavenging free 
radicals and thus providing protection against 
infections and degenerative diseases [6]. 
Literature have shown that the most abundant 
and effective antioxidants in the human body are 
vitamins. In view of the intrinsic antioxidant 
activity of vitamins, the present study was 
designed to investigate the protective effect of 
single, and daily oral dose of vitamin E in high 
dose acetaminophen-treated rabbits for 14 days 
[3]. 

Materials and methods 

Experimental animals 
         Twenty female local rabbits with an 
average age of about 3-3.5 months and weight 
between 1150 – 1600 g were used. They were 
bred in special cages at Al- Nahrain University 
Research Center for Biotechnology, fed pellets 
(contain 20 % crude protein and 11% crude 
fibre, rich in protein and energy)  and given tap 
water ad libitum during the experimental period 
which lasted for 14 days. Concerning conditions 
of the laboratory, average temperature was about 
21 - 24° C. and the light cycle was divided into 
12 hours light: 12 hours dark [7]. 

Doses and design of the experiment 
The animals were randomly divided into four 
groups (five animals in each group). The first 
group was dosed orally with acetaminophen 
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(Samara Drug Factory, Iraq) using micropipette. 
The acetaminophen dose (200 mg/kg) is 
reported to relevant for analgesic effect to 
rabbits by oral route [8]. Acetaminophen 
solution in water was prepared 
 daily and the volume of administered dose was 
1ml/ day for 14 days. The second group was 
dosed with 50 mg/kg of vitamin E (The Arab 
Company for Manufacturing Veterinary and 
Agricultural Products, Jordan). The dose was 
prepared by dissolving 0.5 ml of  
stock solution (100 mg/ml) with 1 ml of distilled 
water [9]. The used form of vitamin E is "water 
soluble" in which certain compounds 
 during a manufacturing process were added that 
made it more efficiently absorbed through the 
intestinal wall. The third group 
 was treated with 200 mg/kg (BW) of 
acetaminophen and 50 mg/kg (BW) of vitamin E 
while the last group was considered as control 
and daily administered with 1 ml of distilled 
water. 

Blood sample collection 
     At the end of treatment, blood samples were 
collected by heart puncture. The volume of 
collected blood was 3 ml. The blood sample was 
slowly expressed into the vial to reduce the risk 
of hemolysis after removing of the needles from 
syringes [10]. 
     Serum was separated by putting the 
 tubes in the centrifuge at 3000 rpm for  
15 min at 37°C. Serum samples were stored at -
4°C until assayed for lipid profile [9, 10].  

Lipid profile  
     Total cholesterol, HDL- cholesterol and 
triacylglycerides concentrations were 
determined using assay kits (Biomaghreb 
Company, Tunis) for in vitro diagnosis  
use [10, 11]. The kits for total cholesterol and 
triglycerides determination depend  
on enzymatic hydrolysis, while the kit for HDL- 
cholesterol determination depend on the 
precipitation reaction and supernatant formation. 
     Friedewald equation was used to  
calculate the concentration of LDL-cholesterol 
as below: 
[LDL-chol]= [Total-chol] - [HDL-chol] - 
[VLDL- chol] 
     Concerning the VLDL-chol concentration, it 
was calculated by dividing triglycerides  
value on 5 as below: 
[VLDL-chol] = TG/5, while the atherosclerosis 
index was obtained by dividing the 
 LDL-cholesterol on the HDL- cholesterol [11]. 

Statistical analysis 
     The results were analyzed statistically using 
analysis of variance (ANOVA) applicable to a 
completely randomized design. Then, the 
significance among means was tested depending 
on Duncan multiple range test using SPSS 
program [12]. 

Results  
     The results showed that there was a 
significant (P<0.05) increase in cholesterol and 
triglycerides concentrations in the group 
 treated with 200 mg/kg (BW) of acetaminophen 
compared with control animals. In this  
group treated with acetaminophen, the 
cholesterol and triglycerides concentration 
means were 125.37 and 146.82 mg/dl, 
respectively, while they were 106.59 and  
114.76 mg/dl, respectively in control group 
(Figure 1). The results also showed that  
there was a significant (P<0.05) decrease in 
cholesterol and triglycerides concentrations  
in the animals treated with 50 mg/kg (BW) of 
vitamin E compared with control group. The 
cholesterol and triglycerides means  
were 92.65 and 97.58 mg/dl, respectively.  
In the group treated with acetaminophen and 
vitamin E, the results showed that there  
was a significant (P<0.05) decrease in 
cholesterol and triglycerides concentrations 
compared with the group treated with 
acetaminophen and no significant (P≥0.05) 
difference in cholesterol and triglycerides 
concentrations compared with control group. 
The means of cholesterol and triglycerides 
 were 108.36 and 118.57 mg/dl, respectively 
(Figure 1). 
On the other hand, the results revealed that 
 there was a significant (P<0.05) decrease in 
serum HDL-C concentration and a  
significant (P<0.05) increase in serum LDL and 
VLDL concentrations in the group treated  
with acetaminophen compared with the  
control animals (Figure 2). The HDL-C, LDL-C, 
VLDL-C means were 29.22, 66.78  
and 29.36 mg/dl respectively in animals  
treated with acetaminophen. While, the  
means of the mentioned parameters in  
control group were 44.50, 39.15 and 22.95 
mg/dl, respectively 
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Figure 1: Effect of vitamin E on serum cholesterol and triglycerides concentrations in female rabbits 

treated with acetaminophen. 

Concerning the group treated with 
acetaminophen + vitamin E, the results 
revealed that there was a significant (P<0.05) 
increase in HDL-C concentrations and a 
significant (P<0.05) decrease in LDL and 
VLDL-C concentrations compared with the 
group treated with acetaminophen. 
Furthermore, there was no significant (P≥0.05) 
difference in the means of HDL-C, LDL-C and 
VLDL-C compared with control group. The 
means of these parameters were 41.03, 43.61 
and 23.71 mg/dl, respectively. (Figure 2) 
explains the effect of acetaminophen and 
vitamin E on lipoprotein concentrations in 
female rabbits. 
     Concerning the effect of these treatments on 
atherosclerosis index, the results revealed that 
there was a significant (P<0.05) increase in 
atherosclerosis index in the group treated with 
acetaminophen compared with control (Figure 
3). The index mean in this group was 2.305, 
while it was 0.89 in the control group. In 
addition, the results showed that there was a 
significant (P<0.05) decrease in atherosclerosis 
index mean in the group treated with vitamin E 
compared with control group. In the group 
treated with acetaminophen + vitamin E, there 
was also a significant (P<0.05) decrease in 
atherosclerosis index mean compared with the 
group treated with acetaminophen and no 
significant (P≥0.05) difference in 
atherosclerosis index mean compared with the 

control group. The means of this index were 
0.334 and 1.076. (Figure 3). 

 
Figure 2: Effect of vitamin E on serum HDL, 

LDL and VLDL concentrations in female 

rabbits treated with acetaminophen. (Dark bars 

represent HDL concentration, shadow bars 

represent LDL concentration and light bars 

represent VLDL concentration) 
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Figure 3: Effect of vitamin E on atherosclerosis 

index in female rabbits treated with 

acetaminophen. 

Discussion 
     The results above are come into 

agreement with the result of [13] in that 
paracetamol at 2 g/kg has enhanced the 
cholesterol levels and reduced the serum levels 
of HDL. They are also similar with the results 
of [14] in that the acetaminophen-treated 
animals showed an elevation in the 
concentrations of total lipids, cholesterol, 
triglycerides and serum LDL-cholesterol with 
depletion in the levels of serum HDL-
cholesterol and tissue phospholipid. It has 
proposed that O2

–.or its dismutation 
production, H2O2 generated during the 
cytochrome P450-mediated microsomal 
metabolism of acetaminophen, was responsible 
for the increase in lipid peroxidation [15]. The 
increase in the lipid peroxidase enzyme (LPO) 
activity in liver induced by acetaminophen 
suggests enhanced lipid peroxidation leading 
to tissue damage and failure of antioxidant 
defense mechanism to prevent formation of 
excessive free radicals [6]. Furthermore, a 
number of studies demonstrated indirectly and 
directly the presence of reactive oxygen 
species in cells following acetaminophen 
administration [6]. This may be due to the 
depletion of cellular glutathione, a natural 

antioxidant, which leaves the cell particularly 
vulnerable to oxidative insults [5]. The 
depletion of glutathione leading to 
accumulation of a highly toxic metabolite of 
acetaminophen; N–acetyl–p–benzoquinamine 
(NAPQI) which is normally conjugated with 
glutathione and excreted in urine [6].  
     On the other hand, the protective effect of 
vitamin E against acetaminophen is in 
accordance with the result of [4] in that several 
antioxidants have shown to protect against 
acetaminophen toxicity such as β-carotene and 
α-tocopherol. Furthermore, in animal studies, a 
diet containing 0.125% vitamin E increased its 
levels in plasma two-fold and prevented 
formation of early atherosclerotic lesions in the 
thoracic aorta of hypercholesterolemic rabbits 
[16]. In addition, there was an increase in the 
HDL-C component and HDL/LDL ratio and a 
decrease in the LDL-C component and 
triglycerides in the group treated with vitamin 
E [17]. In another study, the effect of 6 months 
treatment of vitamin E on the susceptibility of 
low-density lipoproteins (LDLs) to oxidative 
modification and on atherosclerotic lesions in 
rabbits was studied. Vitamin E levels in plasma 
and LDL increased threefold in the course of 
treatment with this antioxidant [18]. Dose-
response studies in humans have reported that 
400 IU/day vitamin E increased its levels in 
plasma two-fold and prolonged the lag time 
before LDL oxidation. This might be 
beneficial in decreasing the individual risk of 
coronary heart diseases (CHD) [16]. 
     From the results above, it was concluded 
that the efficacy of vitamin E as antioxidant, 
was dependent on its capacity of either 
reducing the harmful effect or restoring the 
normal lipid profile and its ability to reduce the 
oxidative modification of LDL that has been 
distributed by acetaminophen. Thus, vitamin E 
may be used as a therapeutic agent in 
preventing the development and progression of 
atherosclerosis. 

References 
1. Sener, G.; Sehirli, A. Ö. And 

Ayanoglu-Dülger, G. 2003 Protective 
effects of melatonin, vitamin E and N-
acetylcysteine against acetaminophen 
toxicity in mice: a comparative study. J. 

Pineal Res., 12 (5): 2 - 11. 
2. Ekam, V.S. and Ebong, P.E. 

2007.Serum protein and enzyme levels 
in rats following administration of 



          Iraqi Journal of Science, Vol.52, No.3,2011, PP. 300-305        Al-Jowari      

 ٣٠٥

antioxidant vitamins during caffeinated 
and non-caffeinated paracetamol 
induced hepatotoxicity. Niger. J. 

Physiol. Sci., 22 (1-2): 65 – 68. 
3. Adeneye, A.A. and Olagunju, J.O. 

2008.Protective effect of oral ascorbic 
acid (vitamin C) against 
acetaminophen- induced hepatic injury 
in rats. Afr. J, Biomed. Res., 11: 183 - 
190. 

4. Mirochnitchenko, O.; Weisbrot-
Lefkowitz, M.; Reuhl, K.; Chen, L.; 
Yang, C. and Inouye, M. 2009. 

Opposite effect of  two forms of 
glutathione. J. Biol.Chem., 11: 22 – 28. 

5. Ezeala, C.C.; Nweke, I.N.; Unekwe, 
P.C.; El-Safty, I.A. and Nwaegerue, 
E.J. 2009. Fresh garlic extract 
protects the liver against 
acetaminophen- induced toxicity. 
Inter. J.  Nutr. Wellness, 7 (1): 2 - 16. 

6. Rajkapoor, B.; Venugopal, Y.; Anbu, 
J.; Harikrisshnan, N.; Gobinath, M. and 
Ravichandran, V. 2008. Protective 
effect of Phyllanthus polyphyllus on 
acetaminophen induced hepatotoxicity 
in rats. Pakistan. J. Pharm. Sci., 21 (1): 
57 -62. 

7. Ruble, R.P.; Cullor, J.S. and Brooks, 
D.L. 1999. The Observation of 
Reactive                  Thrombocytosis in 
New Zealand White Rabbits in 
Response to Experimental Pasteurella 
multocida Infection. Blood Cells Mol. 

Dis, 25 (7): 95 – 102. 
8. Özsoy, M.B. and Pabuçcuoğlu, A 

2007. The effect of acetaminophen 
on oxidative modification of low-
density lipoproteins in 
hypercholesterolemic rabbits. J. 

Clin. Biochem. Nutr., 41(1): 27 -31. 
9. Castellini, C.; Mourvaki, E.; Dal Bosco, 

A.      and Galli, F. 2007. Vitamin E 
biochemistry and function: a casestudy 
in male rabbit. Reprod. Domes. Anim., 
42 (3): 248 256. 

10. Venkatesan, R.; Nagarajan, P.;  
Rajaretnam, R.S. and Majumdar, S.S. 
2006. Hematologic and Serum 
Biochemical Values in Aged Female 
Bonnet macaques (Macaca radiata) 
anesthetized with Ketamine
 Hydrochloride. J. Amer. Assoc. Lab 

.Anim. Sci., 45 (2): 45 - 48. 

11. Dayspring,T. and Helmbold, A. 2008. 
Monitor the lipid profile. OBG 

Management, 20 (12): 45 - 53. 
12. Basher, S.Z., 2003. Your guide to the 

statistical analysis SPSS, version 10, 
Arab Institute for Statistical and 
Training Research, Baghdad. pp. 115-
223. 

13. Setty, S.R.; Quereshi, A.A.; Swamy, 
A.H.M.V.; Patil, T.; Prakash, T; 
Prabhu, K. and Gouda, A.V. 2007. 
Hepatoprotective activity of Calotropis 

procera flowers against Paracetamol-
induced hepatic injury in rats.  
Fitoterapia, 78 (7-8): 451 – 454. 

14. Raghavendran, H.R.B.; Sathivel, A. and 
Devaki, T. 2005. Effect of Sargassum  

polycystum (Phaeophyceae)-sulphated 
polysaccharide extract against 
acetaminophen-induced hyperlipidemia 
during toxic hepatitis in experimental 
rats. Mol. Cell.  Biochem., 27 (1-2): 89 
– 96. 

15. Peterson, F.J.; Lindemann, N.J.; 
Duqueite, B.H. and Holtzman, J.L. 
1992. Potentiation of acute 
acetaminophen lethality by selenium 
and vitamin E deficiency in mice. J.  

Nutr., 122: 74 - 81. 
16. Suzukawa, M.; Ayaori, M.; Shige, H.; 

Hisada, T.; Ishikawa, T. and Nakamura, 
H. 1998. Effect of supplementation 
with vitamin E on LDL oxidizability 
and prevention of atherosclerosis. Bio. 

Factors, 7 (1-2): 51 – 54. 
17. Prasad, K. and Kalra, J. 1993. Oxygen   

free radicals and hypercholesterolemic
 atherosclerosis: effect of vitamin E.
 Amer. Heart J., 125 (4): 958 - 973. 

18. Kleinveld, H.A.; Demacker, P.N. and 
Stalenhoef, A.F. 1994. Comparative 
study on the effect of low-dose
 vitamin E and probucol on the
 susceptibility of LDL to oxidation 
and the progression of 
atherosclerosis in Watanabe 
heritable hyperlipidemic 
rabbits.Arter. Throm., 14: 1386 – 1391. 

 


