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Abstract 

The objective of this study was to compare the protective actions of 5-aminosalicylic 

acid (5-ASA) and Vitamin-E on acrylamide (ACR) induced hepatotoxicity in rats.King Fahad 

Medical Research Centre (KFMRC), Jeddah, Kingdom of Saudi Arabia (KSA).A total of 49 

adult wistar rats (250 ± 20 gm), 60 days old were divided into seven groups (control, ACR 

alone, ACR + 5-ASA, ACR + Vitamin-E, ACR + 5-ASA + Vitamin-E, Vitamin-E alone, 5-

ASA alone).  Histopathology for the liver and lactate dehydrogenase (LDH) assay were 

carried out.Histopathology of ACR treated rats’ liver tissue showed sinusoidal dilatation with 

vascular congestion, liver cell degeneration and necrosis.  5-ASA showed moderate 

improvement in the form of normal hepatocytes and portahepatis of ACR treated rats.  

Vitamin-E alone did not show any protection against ACR induced hepatotoxicity in rats. We 

found that among the two antioxidants used in rats i.e., 5-ASA and Vitamin-E, only 5-ASA 

conferred protection against ACR induced hepatotoxicity in rats.  Therefore,we recommend 

restriction of exposure to ACR through food products or occupationally.  Further 

investigations are required to study and understand the molecular basis of the protective 

action of 5-ASA against ACR induced hepatotoxicity. 
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Introduction 

Acrylamide (ACR) is a vinyle monomer and contains double bonds that might react 

with nucleophils.  It is easily absorbed and distributed inside the human body.  ACR is an 

essential industrial compound used in the manufacturing of polyacrylamides, which have a 

broad range of industrial applications such as production of dyes, paper, plastics, treatment of 

water, chromatography and electrophoresis in research work1.  The structure of acrylamide is 

shown in Figure 1. 

In 1994, The International Agency for Research on Cancer(IARC) categorised acrylami- de 

as a “potential human carcinogen”. In addition, it is a known neuro-reproductive, genetic and 
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hepato-toxicant in human and rodents3.  ACR is also a known food toxicant, especially 

formed in carbohydrate rich food such as fried potato, coffee, cookies and breakfast cereals 

when exposed to high temperature during cooking in which Maillard reaction takes place 

between as paragine amino acids and glucose, producing acrylamide4. 

ACR is metabolized by two major pathways; glutathione conjugation and glycidamide 

epoxidation1.  The reactive toxic metabolite of ACR, known as glycidamide is more toxic 

toward proteins and DNA than acrylamide4.  Cytochrome P450 E1 (CYP2E1) is the main 

enzyme involved in glycidamide epoxidation5,6.  ACRmetabolism by CYP2E1 causes release 

of free radicals [reactive oxygen species (ROS)],which initiates oxidative stress in which 

there is imbalance between production and destruction of ROS, hence leading to lipid 

peroxidation along with DNA and proteins alterations1,7,8.  The important function of liver is 

detoxification of chemicals and clearance of many xenobiotics.  Further, it is an important 

organ for ACR metabolism9.  Acrylamide is known to cause liver damage in the form of 

increased portal inflammation with hepato-cellular necrosis, and by increasing inflammatory 

cells’ infiltration with fibrosis in some portal areas and apoptotic cells9.  In addition, ACR 

provokes congestion of blood vessels with reduction in glutathione (GSH) level10. 

       Antioxidants, such as Vitamin-E and 5-amino salicylic acid (5-ASA) are the major 

defence mechanism against oxidative stress caused by ROS generation, induced by ACR9.  

Vitamin-E is lipid soluble compound its most active biological form is α-tocopherol which 

prevents lipid peroxidation by supplying hydrogen atom to ROS instead of polyunsaturated 

fatty acids present in lipid membrane9.  5-ASA was reported to have antioxidant and anti-

inflammatory role, which strongly protects liver from ROS mediated damage1. 

The hypothesis of this study is that 5-ASA and Vitamin-E treatment would potentially play a 

vital role in protection against ACR induced hepatotoxicity in rats.  The main objective of 

this work was to prove this hypothesisand to investigate and compare the antioxidant effects 

of both Vitamin-E and 5-ASA on ACR induced hepatotoxicity in male rat.  This study was 

carried out in two parts: 

(a)Characterisation of ACR mediated potential hepatotoxicity. 

(b)Investigation of the potential protective effects of 5-ASA and Vitamin-E against 

ACRinduced hepatotoxicity in rats. 
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MATERIALS AND METHODS 

Materials 

Plus one acrylamide (PAGE) grade with purity ˃99.95 was purchased from Pharmacia 

Biotech (Uppsala, Sweden),5-ASA 95%,Vitamin-E (DL-α-tocopherol Acetate) and˃98% 

high performance liquid chromatography (HPLC) were purchased from Sigma-

Aldrich(Steinheim-Germany).  Unless otherwise mentioned, all other chemicals and materials 

of molecular biology grade purchased from BHD laboratory supplies (Analar®, England) 

were used in carrying out the study. 

Methods 

Animals and Treatments 

A total of 49 adult male virgin Wister rats (250 ±20 gm), 60 days old, were purchased 

from King Fahad Medical Research Centre (KFMRC), Jeddah, Kingdom of Saudi Arabia 

(KSA), and were grouped (4 per plastic cage).  These rats were kept in controlled 

environment of temperature22 ± 2°C, relative humidity of 40 - 65% and 12 hours/12 hours 

light/ dark cycles throughout the experiment.  The rats were fed laboratory chow and were 

supplied with ad libitum tap water. 

All animal care procedure and treatments were carried out at KFMRC, Jeddah, KSA 

with the approval of the Unit of Biomedical Ethics, King Abdulaziz University (KAU), 

Medical College, Jeddah, KSA in accordance with the guidelines of the KAU.  These 

guidelines are in compliance with the national and international laws and policies (National 

Institutes of Health Guiding Principles on the Care and Use of Laboratory Animals, USA).  

Animals were allowed to acclimatize at the experimental environment for 3 days before 

dosage initiation. The rats were divided into 7 groups (n=7 each).  One control group, four 

acrylamide treated groups(ACR alone, ACR + 5-ASA, ACR +Vitamin-E and ACR + 5-ASA 

+Vitamin-E) and the last two groups are Vitamin-E alone and 5-ASA alone. 

The dose of acrylamide administered was 45 mg/kg/day for 5 consecutive days, which was 

previously reported in the literature as effective dose to produce adverse effects without 

producing any major neurotoxicity1.  The dosing solutions were freshly prepared daily using 

distilled water.ACR was administered to rats by oral gavage using metallic needle curved-

ball ended (Size PS-18).  Control group was gavaged with 1 ml of distilled water.  According 

to Takhshid et al11rats were treated with Vitamin-E at a dose of 200mg/kg/day by oral 

gavage.  5-ASA treated rats were intraperitoneally injected with a dose (25mg/kg/day) of 5-

ASA for 5 consecutive days. Animals were weighed and observed for mortality or any other 
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behavioural changes once per day during the dosing and recovery period. After 5 days of 

treatment, 2 ml of blood was collected from retro-orbital sinus in plain tubes. Blood samples 

were centrifuged at 3200 g for 10 minutes.  A recovery period of one-day after ACR 

cessation was given before the animals were killed by cervical dislocation and the liver from 

all the rats were isolated for further experimental evaluation. 

 

Histopathology   

Liver of all rats were fixed by 10% natural buffered formalin for 24 hrs. 

Processing of fixed Sections 

Following fixation of tissues by previous methodology, tissues were then processed by using 

standard laboratory procedures for histology.  Tissues were briefly embedded in paraffin 

blocks, sectioned at approximately 3-5 µm thickness and then stained with haematoxylinand 

eosin (H and E).  Slides were examined for histological changes using light microscopy 

(Olympus BX51TF) at 10X, 20X, 40X magnifications and representative images were 

captured with Olympus DP 72 camera. 

Biochemical analysis 

Lactate Dehydrogenase (LDH) assay 

Lactate dehydrogenase (LDH) is commonly found in the cytoplasm within different 

mammalian bodies and can be easily evaluated by using quantitative data measurements 

obtained by Dimension Vista® System and Flex® reagent cartridge.  The reaction took place 

within 96 micro-well plate where all reagents are ready to use liquid solutions. 

Statistical analysis 

All statistical analysis was done using SPSS (Statistical Package for the Social Sciences)16.0 

software (SPSS Inc., Chicago, IL, USA).  Data was expressed as mean ± 2SD. Differences 

among the groups were analysed by one-way analysis of variance (ANOVA) followed by the 

Tukey’s test as a post hoc for multiple comparisons. A P-value of less than 0.05 was 

considered as criterion for a statistically significant difference. 

 

RESULTS 

General observation 

Rats treated with a dose of 45 mg/kg/day ACR showed signs of aggression and rough coat, 

with reduction in food and water intake.  While group treated with ACR + 5-ASA did not 

show reduction in water intake. Rats in the control group showed no symptoms of illness or 
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mortality during the experimental period.  Also, no mortality was reported among ACR 

treated or other groups. 

 

Effect of acrylamide and antioxidants on bodyweight changes of rats 

Administration of acrylamide to rats at a dose of 45 mg/kg/day for 5 consecutive days did not 

show any significant difference in body weight change between groups, one day after 

cessation of ACR treatment (Figure 2).Similarly, rats which were orally gavaged with 

Vitamin-E (200 mg/kg/day),and injected intraperitoneally (IP) with 5-ASA (25mg/kg/day)did 

not show any statistically significant difference in body weight.  

Effects of ACR and antioxidants on serum lactate dehydrogenase(LDH) concentration  

In this study, no significant difference (P > 0.05) of lactate dehydrogenase serum 

concentration was detected in all treated groups(Figure 3). 

Effect on liver histology 

As shown in control rat liver (Figure4A),many hepatic lobules are separated by 

interlobular septa.  In the interlobular septa, hepatic triad can be seen with branches of portal 

vein, hepatic artery and bile duct.  In the centre of each hepatic lobule is a central vein 

(Figure 4B).  Within each lobule, laminae or plates of hepatic cells radiate from the central 

vein and in between them are sinusoids which open into the central vein.  The hepatic cells 

are polygonal in shape, vary in size and have large round vesicular nucleus and some of them 

have double nuclei (Figure4C).  In the group of rats treated with only ACR at a dose of 

45mg/kg/day, many pathological changes like sinusoidal dilatation with vascular congestion, 

liver cell degeneration and necrosis, apoptosis with the deposition of many protein casts and 

Kupffer cells hypertrophy were observed(Figures 5A, B, C,D). 

Interestingly, acrylamide treated rats injected concomitantly with 5-ASA showed dramatic 

protection in the form of normal hepatocytes when compared with ACR treated group alone 

(Figure 6).  However, ACR treated rats that were gavaged with Vitamin-E did not show any 

protection against ACR induced hepatotoxicity as does by 5-ASA.As shown in Figure 7, 

many areas of sinusoidal dilatation, vascular congestion and deposition of protein casts can 

be detected.  Moreover, acrylamide treated rats that were co-treated with 5-ASA and 

Vitamin-E showed satisfactory protection against ACR induced hepatotoxicity in the form of 

normal liver histology with minimal congestion (Figure8).  Also, ratstreated with Vitamin-E 

alone and 5-ASA alone showed normal hepatocytes with minimal congestion (Figure 9).  
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DISCUSSION 

The present study investigated the powerful antioxidant activity of 5-ASA and 

Vitamin-E against ACR induced hepatotoxicity on liver histological structure, body weights 

and serum LDH level in adult male Wister rat. 

In this study, rough coat and agitation were noted in ACR treated group of rats.  This result 

was somewhat consistent with the previous study conducted by Hashimoto et al12,whotreated 

mice with 0.2 to 0.5 of the LD50 (lethal dose 50%)of ACR (1.5mmol/kg equivalent to 

106.6mg/kg) twice in a week by oral gavage for 8-10 weeks.  The mice gradually developed 

signs of weakness and ataxia of the hind limbs as well as associated behavioural changes 

including aggressiveness and alertness in some cases12. 

In this sub–acute study of 5-days, neither ACR nor the antioxidants caused any significant 

change in body weight of rats. So, there was no statistically significant difference in body 

weight between the groups of rats. Similar results were also reported recently by Raju et 

al10,in which six weeks old male rates were exposed to acrylamide diet (5,10,50 mg/kg dose 

of ACR) for a total of 10 weeks. 

       On the contrary to our result, ACR has been reported by many investigators to decrease 

the body weight of animals.  For example, in a study conducted by Yang et al13, there was a 

significant reduction in rats’ body weights at a dose of 45 and 60 mg/kg/day compared to the 

control group after following the oral gavage of ACR for 5 consecutive days.  Furthermore, 

the body weight gained after the 5 days of ACR treatment period and at the end of the 72-hr 

recovery period was decreased significantly at these doses.  In a study conducted by 

Sakamoto et al14 in which prepubertal and adult male mice received a single oral dose of 150 

or 100 mg/kg/day of ACR, the mice showed a significant reduction in body weight for 5 and 

3 days respectively, following the treatment. It has been assumed that if we extend the time of 

exposure to ACR for more than one month or increase the toxic dose of ACR to 60mg/kg/day 

or extend the observation period to 3 days instead of one day, we might observe some 

significant effect of ACR on rats’ body weights. 

It is known that when the cell membrane is affected by toxic substance, it causes leakage of 

cellular enzymes which may interpret the increase in activities of some cellular enzymes such 

as LDH.  LDH is mainly present in the heart, kidney and liver15.  However, in the current 

study there was no statistically significant difference among groups regarding LDH serum 

level.  Similarly, Yousef et al16 reported that treatment of rats with the different 
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concentrations of ACR (0.5, 5, 25, 50, 250 and 500 gm/kg/day) for 10 weeks, did not cause 

any significant changes in the activity of LDH compared to control group. 

In contrast to our results, ACR has been reported by other investigators to increase LDH 

level, where male albino rats have been exposed to acrylamide in drinking water at a low 

dose of 150mg/l for 28 days3.  Hence, this observation i.e., the effect of ACR on serum LDH 

seems to be unsupportive to our study. We assumed this conflicting result in LDH serum 

level might bedue to the differences in the used dose of ACR, duration of experiment and 

type of the strain used. 

In the current study, acrylamide produced pathological changes in rat liver in the form of 

sinusoidal dilatation with vascular congestion, liver cell degeneration and necrosis, apoptosis 

with the deposition of many protein casts and Kupffer cells hypertrophy.  This result was in 

agreement with a study conducted by Abd EL-Mottaleb et al3 on albino rat.  In accordance 

with our result, another recent study conducted by Siahkoohi et al9documented the same 

results on mice fed with acrylamide diet for 35 days. 

A striking result of the present investigation is the effect of 5-ASA on ACR induced liver 

injury, which showed powerful antioxidant activity when compared to Vitamin-E.  To our 

knowledge, no other studies could be found in the literature, reporting protective effect of 5-

ASA against ACR induced liver injury apart from one original article reported by Rajeh et 

al1on Sprague Dawley rats. However, they did not study the effect of 5-ASA on histological 

structure of the liver, although they have used the same dose and route of administration.  Our 

explanation for this protective action of 5-ASA is because of its prevention of the oxidative 

stress produced by ACR, and it scavenges the produced free radicals through its mechanism.  

Regarding the protective effect of Vitamin-E on liver injury produced by ACR in this study, 

it does not show any protection compared to5-ASA. 

Contradictory to our observations, Siahkoohi et al9 reported that Vitamin-E protects against 

ACR induced liver injury.  However, they analysed the effect of Vitamin-E on the liver 

integrity of mice fed with ACR over 35 days of exposure.  We presume that if we increase 

the time of exposure to Vitamin-E or manipulate its dose we might observe some protective 

effect of Vitamin-E against ACR induced liver injury in rats.  

 

CONCLUSION 

We found that5-ASA protects against ACR induced liver injury in rats, mainly on the 

histological level. This study provides evidence that 5-ASA may turn out as a potential 
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pharmacological alternative to manage liver pathologies caused by ACR exposure.  However, 

Vitamin-E did not confer any protection against ACR induced hepatotoxicity in rats.  More 

investigations are needed in humans.  Thus, we recommend restriction of ACR exposure 

either occupationally or in food products. Further investigations are required to explore and 

understand the molecular basis of protective action of 5-ASA against ACR induced liver 

injury. 
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