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Background: This study aimed to investigate the effects of betaine on acrylamide (ACR)-induced damage 
in the liver and kidneys of rats. 

Methods: A total of 28 male rats were divided into four groups. The first group served as the control. The 
second group received ACR (50 mg/kg body weight; i.p.) during the experiment (11 days). Group 3 
received betaine (2% in diet) and ACR. Group 4 rats received betaine (2% in diet).  

Results: Plasma alanine aminotransferase (ALT), aspartate aminotransferase, urea, creatinine, and bilirubin 
values increased significantly in Group 2 compared to the control group. Betaine treatment in Group 3 
significantly decreased ALT values relative to Group 2. Hepatic glutathione peroxidase (GPx), superoxide 
dismutase (SOD), catalase (CAT), and glutathione (GSH), as well as renal GPx, SOD, fluorescence 
recovery after photobleaching (FRAP), and GSH values, showed a significant decline in Group 2 than in 
the controls. The hepatic and renal GPx, SOD, CAT, FRAP, and GSH levels in Group 3 notably increased 
to levels comparable to those of the control group. Additionally, a significant ascending trend in tissue 
protein carbonyl and malondialdehyde levels was observed in Group 2. In contrast, betaine treatment in the 
third group decreased these indices to levels comparable to those of the controls. Moreover, ACR-induced 
histopathological features, including a significant increase in hepatic hyperemia and necrosis, renal 
necrosis, and cell swelling, were attenuated by betaine treatment in Group 3.  

Conclusion: These findings indicate that betaine can mitigate ACR-induced hepatotoxicity and 
nephrotoxicity, which may be related to betaine's antioxidant and methyl-donor potential. 

Keywords: Acrylamide (ACR), Antioxidant, Betaine, Kidney, Liver  

 

* Corresponding author:  
Hasan Baghshani  
Department of Basic Sciences, Faculty 
of Veterinary Medicine, Ferdowsi 
University of Mashhad, Mashhad, Iran  

 
 

E- mail: baghishani@um.ac.ir 

 

Introduction
Acrylamide (ACR) is a chemical primarily used to 

produce materials known as polyacrylamide and ACR 
copolymers, which are used in many industrial processes, 
such as paper, paint, and plastic production [1]. ACR can 
enter the body when people consume foods that have been 
cooked at high temperatures or breathe in tobacco smoke. 
Workers in industries that use ACR may also be exposed 
to it through inhalation or skin contact [2]. ACR-provoked 
damage has been reported in various parts of the body, 
including the respiratory tract, reproductive system, brain, 
liver, and kidneys [3_5]. Following ingestion, ACR is 
assimilated into the gastrointestinal tract and consequently 
conveyed to the hepatic zone for metabolic processing via 
two separate routes. The primary stage entails the 
conversion of ACR into glycidamide, a bioactive 
substance that elicits genotoxic and mutagenic impacts. 
This transformation is facilitated by the liver-based 

cytochrome P450 (CYP) 2E1 enzyme, which is a CYP-
dependent isozyme with a strong presence in the 
hepatic region [6]. The CYP enzyme system can be 
found in various cells, including hepatocytes and the 
epithelial lining of the digestive tract [7]. The organ 
responsible for metabolizing ACR is the liver, wherein 
the enzyme CYP2E1 transforms it into glycidamide. 
This biochemical reaction has been identified as 
mutagenic and linked to the onset of malignancies in 
diverse bodily regions [6]. The crucial CYP isoenzyme, 
CYP2E1, is of great importance in the metabolic 
pathways of both exogenous and endogenous 
compounds [8]. It has the potential to induce lipid 
peroxidation, which can lead to the formation of 
reactive oxygen species (ROS) as an outcome [9]. The 
harmful effects of lipid peroxides and ROS to cells are 
well-known, and CYP2E1's capacity to generate an 
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array of noxious intermediate products makes it a key 
player in the process of tissue damage [10, 11]. 

ACR can undergo a different metabolic process by 
binding with reduced glutathione (GSH) through the 
action of an enzyme called glutathione-S-transferase 
(GST). During this procedure, GSH functions as a 
coenzyme, aiding in the transformation of ACR into N-
acetyl-S-(2-carbamoylethyl) cysteine, a non-harmful 
substance that is excreted from the body through urine 
[12,  13]. The utilization of ACR as a substrate is a 
competitive process between GST and CYP2E1 [14,  15]. 
Elevated consumption of ACR through the mouth can 
harm tissues by causing oxidative stress due to depleted 
levels of GSH and an uneven oxidant-to-antioxidant ratio. 
If the GST enzyme fails to metabolize ACR due to a 
reduction in GSH, then the CYP 2E1 enzyme system 
present in the liver will change ACR into a more lethal 
form, glycidamide [12]. The perilous chemical substance 
known as glycidamide can travel to distinct tissues via 
hemoglobin. After arriving at the intended tissue, it can 
potentially combine with the genetic material of the cell 
and cause the growth of malignant cells that are harmful 
[16]. 

Various studies have been conducted in recent years to 
evaluate the effectiveness of some antioxidant compounds 
in improving the damage caused by toxicants. Although 
betaine was first identified in sugar beet juice, it has since 
been found in various other organisms. Once the body 
absorbs it, betaine plays a crucial role in preserving the 
well-being of critical organs, such as the liver, 
cardiovascular system, and kidneys [17,  18]. Betaine 
plays a vital role in protecting cells from stress by serving 
as an organic osmolyte. It also serves as a valuable source 
of methyl groups for the methionine cycle, leading to the 
formation of critical compounds. Moreover, betaine 
exhibits powerful antioxidant characteristics that assist in 
eliminating ROS. Additionally, it contributes to the body's 
defense system against oxidation through its involvement 
in sulfur amino acid metabolism [17-19]. Betaine has 
shown promising results as a therapeutic agent in 
protecting against chemical-induced kidney and liver 
damage [20]. This study aimed to investigate the potential 
benefits of betaine in protecting against ACR-induced 
liver and kidney damage in rats. 

 

Materials and Methods 
Chemicals 

Betaine (C5H11NO2) and ACR (C3H5NO) were 
purchased from Sigma-Aldrich in St. Louis, MO, USA. 
For this study, we utilized only analytical-grade chemicals 
and reagents, which were acquired from either Merck 
(Darmstadt, Germany) or Sigma-Aldrich (St. Louis, MO, 
USA).  

 
Animals and treatment  

A total of 28 adult male rats (250 ± 9 g) were 
randomly divided into four groups. The rats in the study 
were subjected to a regulated light/dark cycle that 
lasted 12 hours each, and the temperature was 
maintained between 22°C-25°C. The control group was 
fed a balanced diet and tap water. The second group of 
rats received a specific dosage of ACR (50 mg/kg body 
weight, i.p.). Group three of animal specimens received 
betaine (2% in the diet) during exposure to ACR (50 
mg/kg body weight; i.p.). The rats in the fourth group 
received betaine (2% in the diet). The present 
investigation has identified the most effective dosage 
and method of chemical administration by leveraging 
previous studies on ACR [21,22] and betaine [23,  24]. 
The amount of water and food consumed by the 
different groups was evaluated daily during the 
experimental design, and no significant difference was 
observed between the groups in terms of food and water 
intake. 

Following the 11-day experimental period, the 
animals underwent an overnight fast before being 
administered diethyl ether anesthesia to extract blood 
directly from their hearts. After extraction, the 
collected blood was centrifuged at a rate of 1000 g for 
10 minutes to obtain plasma samples, which were then 
stored at -70°C. Normal saline was used to thoroughly 
clean the studied tissues using precise techniques. The 
tissue samples were divided into two portions for 
analysis. One of them was kept at -70°C for the 
assessment of oxidative parameters, while the other 
portion was immersed in a 10% neutral buffered 
formalin solution for histopathological examination. 

 
Biochemical analysis  

Plasma biochemical indices, including urea, uric 
acid, creatinine, bilirubin, alkaline phosphatase (ALP), 
alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), albumin, and total protein, 
were assessed by commercial colorimetric kits (Pars 
Azmoon, Iran). 

For biochemical analysis, previously frozen tissue 
samples were rapidly thawed and blended with a 
phosphate buffer solution (0.05 M, pH 7.4). After 
centrifugation (4000 × g for 15 minutes), the 
supernatant was collected for oxidative assays. The 
tissue activities of glutathione peroxidase (GPX) and 
superoxide dismutase (SOD) were assessed using 
diagnostic kits (Randox, Crumlin, UK). Additionally, 
the activity of catalase (CAT) was evaluated by 
Claiborne's method, which is based on measuring the 
decline in absorbance at 240 nm ascribed to the 
breakdown of H2O2 by CAT [25]. The levels of GSH in 
the tissues were assessed using spectrophotometric 
analysis. This involved measuring a yellow product 
that formed as a result of the reaction between GSH and 
5,5-dithiolbis (2-nitrobenzoic acid). The absorbance of 
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the yellow product was measured at 412 nm [26]. 
To quantify the concentration of malondialdehyde 

(MDA), thiobarbituric acid was used to generate a pink 
compound. The solution was then analyzed for its light 
absorption at a wavelength of 539 nm, and the concentration 
of MDA was calculated based on a molar extinction 
coefficient of 156,000 M-1 cm-1 [27]. To determine the 
fluorescence recovery after photobleaching (FRAP) levels 
of the samples, the reduction of Fe+3/tripyridyltriazine by 
antioxidants in the samples was evaluated. This resulted 
in a conspicuous blue color that was measured at 593 nm 
for quantification [28]. 

The protein carbonyl groups in liver and kidney tissues 
were analyzed by reacting them with 2,4-
dinitrophenylhydrazine to produce dinitrophenylhydrazones. 
The resulting compounds were then measured 
spectrophotometrically at 370 nm for quantification 
purposes. The concentration of carbonyl groups was 
calculated using a molar absorptivity of 22,000 M−1 cm−1 
[29]. 

 
Histopathological assessment  

For histopathological examination, thin slices of liver 

and kidney tissue measuring 4-5 μm were cut and 
stained with hematoxylin and eosin (H&E). The stained 
samples were then observed under a light microscope 
(Olympus, CH-2) to identify changes in the histological 
structure [30]. 

Table 1 presents a quantification of several 
histopathological features, such as cell swelling, 
necrosis, hyperemia, and hemorrhage. A rating system 
ranging from 0 to 4 was utilized to evaluate the extent 
of damage caused by these abnormalities [30]. 
 
Statistical analysis 

To evaluate the normality of data distribution, the 
Kolmogorov-Smirnov test was utilized. If the data 
followed a normal distribution, a one-way analysis of 
variance was conducted, followed by a Bonferroni post 
hoc test to determine differences between groups. In 
cases where the data did not follow a normal 
distribution, the Kruskal-Wallis H test was employed 
using SPSS/PC software (version 21) to investigate 
group differences. Statistical significance was set at P 
< 0.05. 

 
Table1. Scoring pattern of histopathological lesions 

Grading of Lesion Description 

0 No abnormality 

1 Abnormalities were identified in one-quarter of microscopically examined regions. 

2 Abnormalities were detected in between one-quarter and one-half of the microscopically evaluated regions. 

3 Abnormalities were detected in between half and three-quarters of the microscopically evaluated regions 

4 Abnormalities were detected in over three-quarters of the microscopically evaluated regions 

 

Results  
Biochemical findings 

As shown in Fig. 1, the levels of ALT, AST, bilirubin, 
creatinine, and urea increased significantly in animals 
receiving ACR compared to the control group. The use of 
betaine in Group 3 significantly decreased the values of 
ALT compared to those in Group 2 and to the levels 
comparable to the control group. Furthermore, betaine 
administration in Group 3 non-significantly diminished 
the amounts of AST, urea, creatinine, and bilirubin 
relative to the second group, with quantities that showed 
no significant difference compared to the control group. 
Plasma values of ALP, total protein, uric acid, and 
albumin were not significantly different among the 
experimental groups. As shown in Fig. 2, hepatic SOD, 

CAT, FRAP, and GSH values showed a significant 
decrease in Group 2 compared to the control group. 
Likewise, renal values of GPx, SOD, FRAP, and GSH 
showed a significant decrease in Group 2 compared to 
the first group (Fig. 3). Betaine administration in ACR-
intoxicated rats (Group 3) remarkably increased 
hepatic and renal GPx, SOD, CAT, FRAP, and GSH 
compared to the second group to values that had no 
significant difference compared to the controls. As 
shown in Figs. 2 and 3, a significant upward trend in 
protein carbonyls and MDA levels was found in Group 2 
compared to the control group in both studied tissues. On 
the other hand, Group 3 showed a reduction in protein 
carbonyl and MDA levels in the liver and kidneys after 
betaine administration,  similar to the levels observed in 
Group 1. 

https://www.powerthesaurus.org/molar_absorptivity/synonyms
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Figure 1. Plasma Values of Measured Biochemical Indices in Experimental Groups. Data are expressed as mean ± SEM. Columns without common letters indicate a 

significant difference (P < 0.05). Abbreviations: TP, total protein. 
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Figure 2. Measured Oxidative Status Indices of Liver Tissue in Different Experimental Groups. Data are expressed as mean ± SEM. Columns without common letters 
indicate significant differences (P < 0.05). 

 

 

 

Figure 3. Measured Oxidative Status Indices of Kidney Tissue in Different Experimental Groups. Data are expressed as mean ± SEM. Columns without 
common letters indicate significant differences (P < 0.05). 

 
Histopathological findings 

Histopathological results showed that ACR caused a 
significant increase in hyperemia and necrosis in the 
hepatic tissue of animals in Group 2 (ACR) compared to 

the first group (Fig. 4, Fig. 6, and Fig. 7). However, 
Group 3 showed a notable decrease in liver tissue 
hyperemia and necrosis, which did not differ 
significantly from the control group (Fig. 4). 

Likewise, renal histopathological evaluation (Fig. 5 
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and Fig. 8) showed a significant increase in necrosis, 
hyperemia, and cell swelling in the second group (ACR) 
compared to the control group. Betaine treatment in the 

third group was found to be significantly effective in 
mitigating renal pathological observations induced by 
ACR compared to Group 2. 

 

 
Figure 4. Hyperemia, Hemorrhage, and Necrosis in the Liver Tissue. Columns without common letters indicate a significant difference (P < 0.05). 

 

 
Figure 5. Hyperemia, Necrosis, Swelling of Cells in Kidney Tissue. Columns without common letters indicate a significant difference (P < 0.05). 

 

 
Figure 6. Photomicrograph of Observed Hepatc Histopathological Features (Hematoxylin and Eosin [H&E],×100) in the Acrylamide (ACR)-Treated 

Group. Hyperemia (star) and necrosis (arrow). 
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Figure 7. Necrosis (arrow) in the Liver (Hematoxylin and Eosin [H&E],×4 00) of the Acrylamide (ACR)-Treated Group 

 

 
Figure 8. Photomicrograph of Observed Renal Histopathological Features (Hematoxylin and Eosin [H&E],×400) in the Acrylamide (ACR)-Treated Group. 

Hyperemia (star) and necrosis (arrows). 
 

Discussion 

ACR is a toxicant found in a wide range of widely 
consumed foods, which unfortunately makes human 
exposure to this toxic substance inevitable [2,  31,  32]. 
This toxic chemical can damage certain body tissues; 
therefore,  finding effective and safe compounds to 
alleviate the harmful effects of this chemical is crucial [3,  
33]. It has been documented that a crucial underlying 
mechanism responsible for the tissue damage induced by 
ACR is overproduction of ROS and the resulting 
impairment of the antioxidant defense system [34]. 
Certain plant-derived compounds, known as 
phytochemicals, possess antioxidant properties that can 
counteract various histopathological and biochemical 
alterations induced by toxic substances. It has been found 
that betaine possesses beneficial effects upon tissue 
injuries caused by diverse toxicants, owing to its abilities 
as an antioxidant, scavenger of free radicals, and donor of 

methyl groups [35]. This study primarily addressed the 
efficacy of betaine to reduce ACR-induced 
nephrotoxicity and hepatotoxicity in male rats. The 
liver and the kidneys have been identified as organs 
particularly vulnerable to the harmful effects of several 
chemicals.  The findings of the current investigation 
showed that ACR intoxication caused a significant 
decrease in hepatic SOD, CAT, FRAP, and GSH 
values, as well as renal GPX, SOD, FRAP, and GSH, 
compared to the control group. This finding is 
consistent with previous studies [36,  37]. Based on the 
current findings, it has been observed that when betaine 
is given to rats treated with ACR, the levels of hepatic 
and renal GPx, SOD, CAT, FRAP, and GSH increase. 
These increased levels are comparable to those in the 
control group and differ significantly from those in 
Group 2. 

Previous studies have reported that betaine elevates 
the levels of certain antioxidant indices in various types 
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of toxicant exposures and oxidative stress [38-40]. 
Moreover, hesperidin and diosmin, two antioxidant 
flavone glycosides, are effective in enhancing the SOD, 
GPX, and CAT activities in the brain, kidney, and liver of 
rats exposed to ACR [36]. According to reports, the use of 
betaine has been linked to enhanced levels of GSH that 
have been depleted as a result of acetaminophen 
consumption [41] and can normalize the changed 
activities of SOD, CAT, and GPX in carbon tetrachloride-
intoxicated animals [24].  

Antioxidants can play a significant role in curbing the 
proliferation of free radical reactions, which can otherwise 
cause extensive oxidative damage to various biomolecules. 
Based on the current findings, a significant ascending 
trend in protein carbonyls and MDA levels was observed 
in renal and hepatic tissues following ACR exposure. In 
contrast, Group 3 participants who were given betaine 
experienced a reduction in protein carbonyls and MDA 
levels in both tissues analyzed. These reductions were 
significant enough to bring their levels in line with those 
observed in Group 1 participants. Similar to these 
findings, thymoquinone, a natural antioxidant from 
Nigella sativa, diminished ACR-induced enhancement in 
MDA values in the rat liver, kidney, and brain [22]. 
Likewise, research has shown that the combined use of 
ellagic acid and ACR caused a decrease in MDA and 
protein carbonyl levels in the kidneys, compared to 
animals exposed solely to ACR [37]. Similarly, the 
beneficial influences of fresh lemon juice against hepatic 
oxidative changes provoked by ACR have been 
documented [42].  

ACR-induced oxidative membrane damage can 
interfere with the integrity of cellular plasma membranes, 
leading to the leakage of certain tissue enzymes. In this 
study, the unusually elevated levels of circulating ALT 
and AST activities, as well as augmented bilirubin 
concentrations, denoted the severity of toxicity in the liver 
and were reminiscent of previously published works [43-
46]. Moreover, a significant rise in circulating urea and 
creatinine concentration may be attributed to the loss of 
functional integrity of nephrocytes as described 
previously [43-46]. Consistent with the current findings, 
it has been revealed that the production of oxygen-free 
radicals by some toxicants induces tubular necrosis, which 
in turn increases tubular permeability, resulting in 
decreased excretion and increased retention of 
nitrogenous waste, i.e., urea, in the blood [47,  48]. The 
outcomes of the present study demonstrated a significant 
decrease in liver and kidney function test markers following 
the intake of betaine. Consistent with the biochemical indices 
of tissue damage, the histopathological features observed in 
the current study also showed toxicant-induced liver and 
kidney damage, which is supported by previous authors [49-
51]. Moreover, betaine intake was adequate against tissue 
injury caused by ACR administration, which is reminiscent 
of the effects of betaine against ACR-induced liver and 

kidney injury [52], carbon tetrachloride-induced 
nephrotoxicity [24], hepatotoxicity, and nephrotoxicity 
induced by gentamicin [35] and paracetamol [53].  

Betaine has long been used as a feed additive for 
animals as well as a medicine for alcoholic fatty liver 
disease [54], hyperhomocysteinemia  [55], and also 
against some kinds of toxicant exposures [38-40]. 
Combination therapy involving betaine and ACR has 
the potential to impede lipid peroxidation in both the 
liver and kidneys. This beneficial effect could be 
attributed to either the direct antioxidant properties of 
betaine or its ability to enhance the levels of certain 
endogenous antioxidants [56 -58]. These observations 
indicate that the concurrent use of betaine and ACR 
demonstrated significant potential for mitigating the 
antioxidant disruptions triggered by arsenite poisoning. 
These data are consistent with those reported in previous 
studies, wherein betaine administration improved some 
endogenous antioxidants and decreased lipid peroxidation 
products in various tissues [39,  40,  56] after oxidative 
stress induced by a toxicant. Some observed differences 
between the current study and similarly reported studies 
[52, 58] may be attributed to variations in the experimental 
design, including the dose and duration of the applied 
chemicals, as well as differences in the analytical 
procedures or other unknown factors. 

As a methyl donor, betaine may also increase the 
synthesis of key players in protein and energy 
metabolism in tissues, such as methionine, carnitine, 
phosphatidylcholine, and creatine [39,  59,  60]. 
Additionally, it has been documented that betaine can 
serve as a methyl donor for S-adenosyl methionine 
(SAM) restoration [61], whose important role in certain 
detoxification mechanisms [62] and counteracting 
oxidative stress [63] has been well established. 
Accordingly, there is evidence suggesting that SAM 
can enhance GSH production [57]. Besides the known 
antioxidant properties of GSH, its reaction with ACR 
via GST could be effective in the production of 
nontoxic metabolites, which are excreted in urine [12,  
13]. Based on the current results, the administration of 
betaine demonstrated a certain level of effectiveness in 
reducing oxidative and biochemical marker indices, as 
well as histopathological lesions in the liver and 
kidneys of rats induced by ACR. Therefore, betaine has 
the potential to reduce the toxicity caused by ACR in 
the liver and kidneys. This could be attributed to its 
antioxidant properties and ability to act as a methyl 
donor, making it a promising candidate. However, it is 
necessary to undertake efforts towards elucidating the 
molecular mechanisms responsible for the ameliorative 
effects of betaine against ACR-induced tissue injuries. 
Furthermore, it is imperative to identify the correct 
dosage and treatment duration [46]. 
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Conclusions 
These findings indicate that betaine can mitigate ACR-

induced hepatotoxicity and nephrotoxicity, which may be 
related to betaine's antioxidant and methyl-donor potential. 
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