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Abstract:
Background and objectives: The hepatoprotective activity of vitamin E and C is evident due to their ability
of modulating the antioxidant pathway. In this study, we have evaluated the effects of α-tocopherol and
ascorbic acid on paracetamol induced liver damage with offsetting various levels of drug treatment following
an in vivo experimental protocol on Wistar albino male rats.
Materials and Methods: The level of lipid peroxidation as well as histological examination of liver tissues were
observed among 50 Wistar albino male rats to evaluate hepatoprotective effect of α-tocopherol and ascorbic
acid on hepatocytes. The experiment was divided into 5 groups (10 rats in each group)- Basal control group
(Group-I, with propylene glycol), Paracetamol treated control group (Group –II), α-tocopherol pretreated &
paracetamol treated group (Group –III), Ascorbic acid pretreated & paracetamol treated group (Group –IV)
and Ascorbic acid pretreated & paracetamol treated group (Group –IV).
Results: The mean (± SD) Malondialdehyde (MDA)

concentration were significantly reduced in α-tocopherol

pretreated and paracetamol treated group (P<0.001), Ascorbic acid pretreated and paracetamol treated group
(P≤0.05) and combined α-tocopherol with ascorbic acid pretreated & paracetamol treated group (P<0.001).
Statistically significant differences in histological findings of rat liver were observed in paracetamol treated
control group (P<0.001), ascorbic acid pretreated and paracetamol treated group (P<0.001). The serum alanine
aminotransferase (ALT)

level was also significantly higher in paracetamol treated group (P<0.001), α-

tocopherol pretreated plus paracetamol treated group (P≤0.05) and in ascorbic acid pretreated plus paracetamol
treated group (P<0.001).
Conclusion: The combined pretreatment of α-tocopherol & ascorbic acid have better hepatoprotective effects
than α-tocopherol or ascorbic acid alone against paracetamol induced liver damage. The decrement of free
radicals produced by vitamin E could be a better hepatoprotective antioxidant than vitamin C in paracetamol
induced toxicity.
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1. Introduction
Liver disease is a major cause of morbidity and mortality, globally. The continuous exposure of the
liver to some factors such as viruses, alcohol, fat, and bio transformed metabolites can cause hepatic
injury[1]. Besides, as the major drug metabolizing and detoxifying organ in the body, the liver is
subject to potential damage from enormous array of pharmaceuticals and environmental chemicals.
Severe acute liver disease encountered in clinical practice may lead to fulminant or acute liver
failure, mostly due to drug or toxin induced hepatic injury or viral hepatitis [2],[3]. Hepatotoxicity
caused by drugs, in particular idiosyncratic reactions, is a major challenge to the pharmaceutical
industry and physicians[4].
Incidence of drug induced liver injury in the general population ranged from 7 to 13 per 100,000 with
a significant mortality rate of about 10 percent[5]. Overdose of acetaminophen (paracetamol) has
affected the patients for decades and involves the cornerstone metabolic pathways which takes place
in the microsomes within hepatocytes[6]. Although paracetamol generally considered a safe as an
antipyretic and analgesic drug, it may cause death through overdose, idiopathic reaction or
synergism with alcoholic liver disease[7]. Acute liver failure caused by acetaminophen has been
attributed to the metabolic activation of acetaminophen to a toxic metabolite, N-acetyl-pbenzoquinone imine (NAPQI) in the liver by cytochrome p450 isoenzymes especially CYP2E1 and
NAPQI depletes liver glutathione by inducing oxidative stress [8]. As a result, over production of
reactive oxygen species (ROS) such as superoxide radicals, hydrogen radicals and hydroxyl radicals
happens. Excess levels of ROS can attack biological molecules such as DNA, protein, phospholipids,
which leads to lipid peroxidation and depletion of antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx)[9,10]. 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 proinflammatory cytokines[8]. On the basis of these facts, antioxidant
therapy alone or in combination with other pharmacological strategies appears as the most
reasonable treatment of a variety of liver diseases[11]. Vitamin E is an antioxidant which has its
capacity of either reducing the harmful effect of free radicals by preventing the oxidation of
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polyunsaturated fatty acid in the cell membrane[12] or restoring the normal lipid profile and to
reduce the oxidative modification of LDL that has been distributed by paracetamol [13].
There are about eight naturally occurring tocopherols with vitamin E activity. Among these, αtocopherol is considered to be the most important tocopherol and it has been reported to constitute
about 90% of the tocopherols in animal tissues and displays the greatest biological activity in bioassay
systems[14]. It is a potent chain breaking antioxidant that inhibits the production of reactive oxygen
species molecules when fat undergoes oxidation and during the propagation of free radical
reactions[15]. In developing countries, there is a greater risk for deficiency of vitamin E due to limited
intake of vitamin and higher prevalence of oxidative stressors which is characterized by recurrent
abortion, degenerative changes in spinal cord, peripheral neuropathy, ataxia, and haemolytic anemia
etc.[16].

On the other hand vitamin C or ascorbic acid is a water soluble versatile vitamin and a strong
reducing agent and antioxidant. It

is a cofactor in reactions catalyzed by Copper dependent

monooxygenases and has a great role in bone formation, Iron and haemoglobin metabolism, folic
acid metabolism, synthesis of hormones, immunological function etc. [17]. Although many
vertebrates can synthesize ascorbic acid or vitamin C[18],

vegetables, citrus fruits, non-citrus fruits,

green leafy vegetables, juices are the human Source of vitamin C [19]. Surprisingly,the increased
sensitivity to oxidative stress is largely reversed when glutathionedepleted cells are preloaded with
ascorbic acid by exposure to dehydroascorbic acid. Therefore, vitamin C is an important independent
antioxidant in protecting cells against death from oxidative stress [20]. Based on these scientific
evidences, we argue that both vitamin E and C have preventive actions on paracetamol induced
hepatotoxicity in albino rats through their potential anti-oxidant mechanism of hepatoprotective
action[21]. Our resent study has been designed to evaluate the effects of α-tocopherol and ascorbic
acid on paracetamol induced liver damage with offsetting various levels of drug treatment following
an in vivo experimental protocol on Wistar albino male rats.
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2. Materials and Methods
2.1. Experimental animals
This experimental study was conducted in the Department of Physiology, Sir Salimullah Medical
College, Dhaka, from 1st January 2017 to 31st December 2017. All experiments were approved by the
Institutional Ethics Committee (IEC) of Sir Salimullah Medical College (SSMC), Dhaka (approval
number-SSMC/Dhaka/2017/35) and animal care were performed according to the guidelines set in
the ‘Manual for Care and Use of Laboratory Animals’ by the Animal Experimentation Ethics
Committee (AEEC) of the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b
2002).
Fifty (50) apparently healthy Wister albino male rats, weighing 160 to 200 gm were obtained from
animal house of Department of Pharmacy, Jahangir Nagar University, Savar, Dhaka. All the rats were
kept in a well-ventilated animal house where they were acclimatized for 10 days prior to intervention
at 28±2οC room temperature under 12 hours light/12 hours dark cycle [22-24]. All the rats had free
access to standard laboratory food and cooled boiled water. They were kept there for a period of ten
(10) consecutive days for environmental acclimatization, prior to the experiment[25]. After 10 days
of acclimatization, the total study period was 30 consecutive days. At the beginning of the study
period (day 1) initial body weight of all the rats were measured and at the end of the study period
after measuring the final body weight, all the rats were anesthetized with the help of chloroform
(30%) [26,27] sacrificed on day 31 (24 hours after last dose of paracetamol administration).
2.2. Materials and chemicals
α-tocopherol (Drug International Ltd, Bangladesh) was obtained in liquid form. Ascorbic acid
(Sigma-Aldrich, USA) and paracetamol (acetaminophen) (Amico Laboratories Ltd, Bangladesh) were
obtained in granular form.
2.3. Preparation of paracetamol solution
1 g of paracetamol (active ingredient) was dissolved in 9 ml of propylene glycol. After thorough
mixture

a

homogenous

solution

was

111.11 mg of paracetamol per ml of solution [28].

obtained,

giving

a

strength

of
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2.4. Preparation of α-tocopherol solution
Four E-CAP 200 mg capsule was cut and uncapsulated the liquid material to make 1 ml α-tocopherol
solution

which

was

taken

into

disposable

syringe.

So,

1

ml

water.

A

solution contained 800 mg (200 mg/ capsule x 4) of α-tocopherol.
2.5. Preparation of ascorbic acid solution
1g

of

ascorbic

acid

powder

was

dissolved

in

20

ml

of

distilled

thorough mixture a homogenous solution was obtained, giving a strength of 50 of ascorbic acid per
ml of solution.
2.6. Preparation of liver for histological examination
After 24 hours of last dose of paracetamol administration, all the rats were anesthetized with the help
of chloroform (30%) and then sacrificed. Liver was removed from each rat and washed in ice-cold
saline, then the weight was measured by electric balance analyzer. A small part of liver tissue
(approximately 500 mg) was cut and taken in foil paper with proper labeling and placed on an ice
bath and was kept in deep freeze until homogenized. The rest of the portion was preserved and fixed
in 10% formalin solution for subsequent histological processing. To find out the histopathological
changes of liver tissue, histological slides were prepared, observed under the microscope and
photomicrographs were taken by using standard laboratory procedure in the department of
Pathology, Sir Salimullah Medical College, Dhaka, Bangladesh.
2.7. In Vivo Experimental Protocol
Basal control group (Group I) treated with propylene glycol, 2 ml/kg[29] b.w. orally on day 28, 29
and 30.Whereas the other groups were treated with α-tocopherol, 100 mg/kg [21,30] b.w. and ascorbic
acid, 200 mg/kg [21,30] b.w. for 30 days respectively (Group III, Group IV). In addition, Group V was
orally treated with α-tocopherol 100 mg/kg b.w. plus ascorbic acid 200 mg/kg[21,30] b.w. for 30 days.
Groups 2–5 were given a toxic dose of paracetamol, 1500 mg/kg b.w. on 28, 29 and 30 day to observe
hepatotoxicity [27].
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2.8. Determination of intracellular lipid peroxidation (LPO)
100 µl of 8.1% sodium dodecyl sulfate (SDS), 2 ml 4% thiobarbituric acid (TBA) in 20% acetic acid
(AA) and 200 µl distilled water (D/W) were taken in a test tube. To this mixture, 100 µl of liver
homogenate was added. Then this mixture was heated in boiling water for 60 minutes. After cooling
in room temperature, 3 ml of butanol & pyridine mixture was added to it. After vigorous shaking for
30 minutes in a mechanical shaker, the mixture was centrifuged at 5000 rpm for 15 minutes. The
supernatant was separated and the intensity of pink color was read against standard (1, 1, 3
tetrahydroxypropane) in the spectrophotometer at wavelength 532 nm. The level of lipid
peroxidation was expressed as nmoles of MDA / mg protein.
2.9. Data analysis
Numerical data were presented as mean±SD. Statistical analysis was done by one way ANOVA test.
Post hoc Bonferroni test was performed to compare between groups and Fisher’s exact test was done
for histological analysis. Paired‘t’ test was also done. P value ≤0.05 was considered statistically
significant. Statistical analyses were done by using Statistical Package of Social Science (SPSS).
Windows version 22.
3. Results
3.1. Biochemical analysis
Alanine aminotransferase (ALT) was measured in Wroblewski and LaDue principle and Backman
Culter AU 680 system. The serum ALT level (Figure-1) was significantly increased in paracetamol
treated group (P<0.001), α-tocopherol pretreated plus paracetamol treated group (P≤0.05) and also in
ascorbic acid pretreated plus paracetamol treated (P<0.001) than that of baseline control group.
However,

This level was significantly decreased in α-tocopherol pretreated plus paracetamol

treated (P<0.001), ascorbic acid pretreated plus paracetamol treated (P<0.01) as well as in combined
α-tocopherol with ascorbic acid pretreated plus paracetamol treated (P<0.001) in comparison to that
of paracetamol treated group.

ALT (U/L)
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Figure 1: Serum alanine aminotransferase (ALT) level in different groups of rats (n=50). Each data
bar represents the Mean ± SD, ###p<0.001 & #p≤0.05 when compared with Group I (control);
***p<0.001 and **p˂0.01 when compared with Group II (paracetamol treated). n=number; Group-I=
Baseline control group; Group-II= Paracetamol treated group; Group-III= α-tocopherol pretreated
plus paracetamol treated group; Group-IV= Ascorbic acid pretreated plus paracetamol treated group;
Group-V= Combined α-tocopherol with ascorbic acid pretreated plus paracetamol treated group.

On the other hand, MDA concentration in liver tissue significantly decreased in α-tocopherol
pretreated & paracetamol treated group (P<0.001), Ascorbic acid pretreated & paracetamol treated
group (P≤0.05) and combined α-tocopherol with ascorbic acid pretreated & paracetamol treated
group (P<0.001) in comparison to that of paracetamol treated control group (Table-1).
Table 1: Malondialdehyde (MDA) concentration in liver in different groups of rats (N=50).
Groups

MDA
(nmol/mg protein)

I (n=10)

3.93 ± 2.31

II (n=10)

10.23 ± 1.53###

III (n=10)

5.23 ± 2.16***
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Each data bar represents the Mean ± SD, ###p<0.001 & ##p<0.01 when compared with Group I
(control); ***p<0.001 and *p≤0.05 when compared with Group II (paracetamol treated). n=number;
Group-I= Baseline control group; Group-II= Paracetamol treated group; Group-III= α-tocopherol
pretreated & paracetamol treated group; Group-IV= Ascorbic acid pretreated & paracetamol treated
group; Group-V= Combined α-tocopherol with ascorbic acid pretreated & paracetamol treated
group.

3.2. Histological findings
The distribution of histological changes in liver of the rats for different groups has been shown in
Table 2. Histopathological sections of liver in baseline control group rats showed well preserved
hepatic lobule, central vein, hepatocytes, portal tract and hepatic sinusoids (Figure-2,3), whereas,
moderate histological changes with presence of fatty change, ballooning degeneration, infiltration of
lymphocytes and centrilobular necrosis were noted in paracetamol treated group (Figure-4,5).
Table 2: Distribution of rats by histological changes in liver (N=50)
Histological findings
Groups

Normal

Abnormal

n (%)

n (%)

I (n=10)

10(100.0)

0(0)

II (n=10)

0(0)

10(100.0)

III (n=10)

7(70)

3(30)

IV (n=10)

5(50)

5(50)

V (n=10)

8(80)

2(20)

Each data bar represents the Mean ± SD, ###p<0.001 when compared with Group I (control); **p<0.01
and *p≤0.05 when compared with Group II (paracetamol treated). n=number; Group-I= Baseline
control group; Group-II= Paracetamol treated group; Group-III= α-tocopherol pretreated &
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paracetamol treated group; Group-IV= Ascorbic acid pretreated & paracetamol treated group;
Group-V= Combined α-tocopherol with ascorbic acid pretreated & paracetamol treated group.

Figure 2: Architecture of liver of baseline control rats (here S hepatic represents sinusoid in X 100)

Figure 3: Architecture of liver of baseline control rats (here C represents cental vein in X 400)
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Figure 4: Liver of paracetamol treated rats (here arrow mark > represents ballooning degeneration
in X 400)

Figure 5: Liver of paracetamol treated rats (here F represents fatty changes of liver in X 400)

However, mild or no significant degenerative changes were observed in rats with α-tocopherol
pretreated and paracetamol treated group (Figure-6). Restoration of almost normal architecture was
also showed in rats with ascorbic acid pretreated and paracetamol treated group rats (Figure-7).
Moreover, combined α-tocopherol plus ascorbic acid pretreated and paracetamol treated group
exhibited no significant histological alteration compared to base line control group (Figure-8).
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Figure 6: Improvement of necrosis and other changes of liver in α-tocopherol pretreated and
paracetamol treated rats (X 400)

Figure 7: Improvement of necrosis and other changes of liver in ascorbic acid pretreated and
paracetamol treated rat (X 400)
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Figure 8: Improvement of necrosis and other changes of liver in combined α-tocopherol with
ascorbic acid pretreated and paracetamol treated rats (X 400)
4. Discussion
In this present study, increased levels of ALT may indicate the cellular leakage and damage of
functional integrity of hepatocyte cell wall. This enzyme to leak out of the liver into the circulation
due to hepatocellular leakage [31]. Serum levels of ALT were significantly increased in paracetamol
treated group, α-tocopherol pretreated & paracetamol treated group, ascorbic acid pretreated &
paracetamol treated group than that of baseline control group. This finding was equivocal with that
of some other investigators [8,32]. The ALT level of combined α-tocopherol with ascorbic acid
pretreated & paracetamol treated group which was increased than that of baseline control group but
the difference was not statistically significant. However, serum ALT levels of all the experimental
groups were decreased in comparison to that of paracetamol treated control group but the difference
was statistically significant. Similar findings was also observed by some investigators [30,33].

However, the MDA concentration in the liver tissue homogenate was significantly increased in
paracetamol treated control group, ascorbic acid pretreated & paracetamol treated group than that of
baseline control group. Similar observation was made by some other researchers [34,35]. Whereas,
the MDA concentration was increased in α-tocopherol pretreated & paracetamol treated group and
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also in combined α-tocopherol with ascorbic acid pretreated & paracetamol treated group than that
of baseline control group but the difference was not statistically significant. Again the MDA
concentration of all the experimental groups were significantly decreased in comparison to that of
paracetamol treated control group. An almost similar finding was observed by other researchers
[36,37].
Moreover, abnormal histological changes, such as centrilobular necrosis, disorganization of hepatic
sinusoids, infiltration of lymphocytes and Kupffer cells, fatty changes and ballooning degeneration
were observed in 100% of rats in paracetamol treated control group. These findings were also in
agreement with those of different investigators of other countries [38,39]. However, 70 % rats from
α-tocopherol pretreated & paracetamol treated control group, 50% rats from ascorbic acid pretreated
& paracetamol treated group & 80 % rats from combined α-tocopherol with ascorbic acid pretreated
& paracetamol treated group showed normal histological findings. There were statistically significant
differences in histological findings of liver observed among paracetamol treated control group vs
ascorbic acid pretreated & paracetamol treated group. Again all the experimental groups showed
better histological findings than that of paracetamol treated control group and the differences were
statistically significant. Almost similar finding was also depicted by other researchers [27,32]. It is
assumed that both α-tocopherol & ascorbic acid might be activated together after administration and
synergistically acted to cause more effectiveness in hepatoprotective effects in the possible
mechanisms (Figure S1 and Figure S2).

5. Conclusions
From this study, it can be concluded that the combined treatment of α-tocopherol & ascorbic acid
have better hepatoprotective effects than α-tocopherol or ascorbic acid alone against paracetamol
induced liver damage in Wistar albino male rats. In addition, the decrement of free radicals produced
by vitamin E could be a better hepatoprotective antioxidant than Vitamin C in paracetamol induced
toxicity. Still we recommend further experimental study to elucidate the exact component and
mechanism responsible for these effects.
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