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Article Type ABSTRACT

Research Paper Background and Objective: Rifampin is one of the antibiotic drugs that is usually used to treat
tuberculosis and is considered a strong toxic agent for the liver. Therefore, this study was conducted
to investigate the effects of betaine administration on rifampin-induced liver damage in rats.
Methods: This experimental study was conducted on 60 male Wistar rats in 6 groups of 10. Liver
damage and induction of oxidative stress were caused by oral administration of rifampin 100 mg/kg
of body weight for 14 consecutive days. Different doses of betaine (10, 50 and 100 mg/kg of body
weight) were administered by gavage to the sick rats. At the end of the treatment course, liver damage
caused by rifampin was investigated by examining serum biochemical factors (ALT, AST, LDH,
Bilirubin), and reactive oxygen species (ROS), glutathione (GSH), antioxidant capacity (FRAP), and
lipid peroxidation (LPO), and histopathological changes in liver tissue were evaluated.

Findings: Serum ALT level in the group that received rifampin (201+7821) was significantly higher
than the control group (26+281) (p=0.0031). The serum level of AST in the group that only received
rifampin (684+118) was significantly higher than the control group (50+1021) (AST=706). The
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Introduction

Liver has an important role in regulating physiological processes. Liver is involved in various vital
functions including metabolism, secretion and storage. In addition, detoxification of various drugs and
xenobiotics occurs in the liver. Therefore, liver diseases are considered serious health problems. Liver
diseases may be classified into acute and chronic hepatitis, hepatosis and cirrhosis. Liver diseases are caused
by toxic chemicals, alcohol consumption, infections and autoimmune disorders (1). Today, the only way to
cure cirrhosis is liver transplantation. Due to the lack of donors and the existence of diseases that can be
transmitted to people as a result of this transplant, as well as the recurrence of the disease and the destruction
of the liver, the percentage of treatment has decreased, and scientists have turned to anti-fibrosis treatments
in order to find new treatment methods (2).

Tuberculosis continues to be a public health issue all over the world, especially with the spread of AIDS,
it is one of the major causes of death in adult patients (3). Rifampin, which is an antibiotic commonly used
to treat tuberculosis, is considered a strong toxic agent for the liver (4). Clinical hepatitis has been reported
in 1.1% of elderly people treated with rifampin (5). The mechanism of liver damage caused by rifampin has
not been fully clarified yet. Some studies have shown that rifampin leads to lipid peroxidation and depletion
of the antioxidant tripeptide glutathione (GSH) and free radical scavenging enzymes through oxidative
damage (6).

In a study conducted by Yang et al., it was found that the consumption of rifampin significantly increased
the levels of malondialdehyde and decreased the activity of superoxide dismutase, catalase, glutathione
peroxidase and glutathione reductase enzymes (7). Furthermore, in a study by John et al., it was found that
the free radicals resulting from the reaction of rifampin metabolites with oxygen cause the peroxidation of
membrane lipids, which itself leads to the formation of lipid peroxides (malondialdehyde) and ultimately
the loss of hepatocyte membrane integrity and liver damage (8).

A study by Ghasemian Yadegari et al. also suggested the liver damage of rifampin as a result of increased
oxidative stress markers and decreased antioxidant enzymes (superoxide dismutase, catalase, glutathione
peroxidase and glutathione reductase) in rats treated with this drug (9). Several studies have shown that liver
cell damage in rifampin poisoning occurs due to the production of oxygen free radicals and the reduction of
the body's antioxidant system, which is a sign of oxidative stress (10, 11). Therefore, conditions of oxidative
stress and subsequent liver damage caused by rifampin are among the mechanisms of pathogenesis involved
in hepatotoxicity caused by rifampin. Since oxidative stress plays a major role in the occurrence of
pathophysiological changes in the liver in rifampin hepatotoxicity, therefore, the use of strong antioxidants
as protective compounds can be very helpful in this regard.

As a quaternary ammonium compound, betaine is also known as trimethylglycine, glycine betaine and
oxyneurine (12). Betaine is present in microorganisms, plants and animals (13). This compound is a
derivative of glycine amino acid and has three biochemically active groups in the form of methylamine (14).
Another important effect of betaine that most researchers have emphasized on is the antioxidant activity of
betaine. In several studies, the beneficial antioxidant properties of betaine in trapping free radicals and
reducing oxidative stress have been abundantly mentioned in the tissues of the brain (15), kidney (16), testis
(17) and the liver (13, 18, 19) of rats. In normal conditions of the body, reactive oxygen species produced
by the antioxidant defense system are neutralized. However, in conditions such as excessive production of
these active mediators or insufficient antioxidant system, it causes oxidative stress in the cell and damages
proteins, lipids, proteins, and DNA (20-22). Since betaine is a strong and potential antioxidant, it leads to
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the reduction of oxidative stress by trapping free radicals, and the beneficial effects of betaine in liver tissue
have been observed in previous studies. Therefore, the aim of this study is to investigate the protective
effects of betaine administration on inhibition of rifampin-induced liver damage in rats.

Methods

After approval by the ethics committee of Lorestan University of Medical Sciences with the code
IR.LUMS.REC.1401.037, this experimental study was carried out in 2022 at the Faculty of Pharmacy of
Lorestan University of Medical Sciences. All ethical principles were carried out according to the
international guidelines for working with laboratory animals. Antioxidant betaine (trimethylglycine) was
purchased from Sigma-Aldrich, and rifampin was purchased from Khorramabad pharmacies. To conduct
this study, 60 male Wistar rats with an approximate weight of 22020 grams were randomly divided into 6
groups of 10 as follows:

1) The control group only received normal saline.

2) The control group received only 100 mg/kg/day of rifampin for 14 consecutive days (9).

3) The treatment group that received 100 mg/kg/day rifampin for 14 consecutive days + 10 mg/kg/day
betaine for 14 consecutive days (18).

4) The treatment group that received 100 mg/kg/day rifampin for 14 consecutive days + 50 mg/kg/day
betaine for 14 consecutive days.

5) The treatment group that received 100 mg/kg/day rifampin for 14 consecutive days + 100 mg/kg/day
betaine for 14 consecutive days.

6) Betaine group that received 100 mg/kg/day (the highest dose) of betaine for 14 consecutive days.

Feeding and maintenance conditions were considered the same for all groups (in the form of 12:12
light-dark cycle and a temperature of 21+2°C). The same food and water were freely available to the
animals. For gavage, based on the weight of the animal, rifampin and betaine were prepared in separate vials
with a suitable needle and administered in equal volumes of 1 ml. It should be noted that rifampin was given
through gavage feeding one hour before betaine administration. At the end of the test period and 24 hours
after the last injection, to measure biochemical factors including alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH), and total bilirubin, fasting blood samples were
collected from the chest area and left side of the animal's body. The serum of the blood samples was
separated by centrifugation (2500 rpm, for 15 minutes at 30°C) (23, 24).

To determine the antioxidant status of the liver, all rats were sacrificed after anesthesia by cervical
dislocation. The livers of rats were immediately removed and washed in very cold normal saline. Then 10%
homogenate was prepared in 1.15% (W/V) potassium chloride. The homogenate was centrifuged at 7000
rpm for 10 minutes at 4 °C. Based on standard protocols, the supernatant solution was used to measure lipid
peroxidation (LPO), reactive oxygen species (ROS), total antioxidant capacity (FRAP) and glutathione
(GSH) levels based on previous protocols (25-28). For histopathological investigations, liver samples were
fixed in formalin buffer solution (0.4% monobasic sodium phosphate, 0.64% dibasic sodium phosphate, and
10% formaldehyde in distilled water). The tissue section was prepared using paraffin with a diameter of 5
microns and was prepared using hematoxylin and eosin (H&E) staining for observation under a light
microscope (29).

Statistical analysis was performed by Graphpad Prism 6 (at least three repetitions in each experiment),
and the results were reported as Mean+SEM and the comparison between different groups was done using
one-way analysis of variance (ANOVA) and then statistical analysis was done using Tukey's multiple
comparison test, and p<0.05 was considered significant.

Journal of Babol University of Medical Sciences, 2024; 26: e58



4 The Protective Effect of Betaine on Inhibition of Rifampin-Induced Liver Damage in Rats/ P. Peiravi, et al

Results

The results of biochemical biomarkers in this study showed that in the rats of the toxic drug group
(rifampin), the serum levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and
lactate dehydrogenase (LDH) enzymes increased significantly compared to the control group (p<0.05). In
the betaine treatment group, the increased serum levels of ALT, AST and LDH enzymes caused by rifampin
decreased significantly (p<0.05) (Figure 1).

The results of the investigation of oxidative stress indicators in this study showed that the level of lipid
peroxidation and reactive oxygen species (ROS) in animals receiving rifampin was higher than the control
group. The use of betaine reduced lipid peroxidation and reactive oxygen species (ROS) in different study
groups (Figure 2, Table 1). The level of reduced glutathione and the amount of antioxidant capacity in the
liver tissue were also measured (Figure 2, Table 1). It was observed that the level of glutathione and the
antioxidant capacity of the liver reached its lowest level in the group exposed to rifampin (Figure 2, Table
1). The use of betaine prevented glutathione depletion in different studied groups (Table 1).

Histopathological changes in the liver tissue of the tested animals showed that when rifampin is
administered to the animals, liver tissue changes occur in the form of necrosis, sinusoidal congestion and
inflammation of ducts in the liver tissue. In groups receiving betaine at different doses, tissue damage caused
by rifampin administration was reduced (Figure 3).
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Figure 1. The results of evaluating biochemical biomarkers
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Figure 2. The results of examining oxidative stress indicators

Table 1. Investigation of the level of lipid peroxidation and glutathione level of liver tissue in
different study groups and investigation of the effect of betaine administration on it
Lipid peroxidation Glutathione levels

Study groups (nmol/mg wet tissue)  (umol/mg wet tissue)
Control 2.08+0.06° 70.95+3.10°
Betaine (100 mg/kg) 2.32+0.29° 69.19+6.212
Rifampin 9.63+0.82° 18.24+5.57°
Rifampin + Betaine (10 mg/kg) 4.19+0.34° 29.27+8.69°
Rifampin + Betaine (50 mg/kg) 4.34+0.54° 32.62+6.01°
Rifampin + Betaine (100 mg/kg) 2.96+0.09° 43.1946.51°

Figure 3. Liver histopathological changes in animals treated with betaine. A: control, B: rifampin (100
mg/kg/day), C: group receiving rifampin+betaine (10 mg/kg/day), D: group receiving rifampin+betaine (50 mg/kg/day),
E: group receiving rifampin+betaine (100 mg/kg/day)
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Discussion

In the present study, the administration of rifampin in rats caused a significant increase in the serum
levels of ALT, AST and LDH enzymes compared to the healthy control group, which is consistent with the
findings of other researchers (9, 30). In general, an increase in the serum level of the above enzymes
indicates the occurrence of necrosis and damage to the membrane structure of hepatocytes (31).

In this study, betaine administration led to a significant decrease in the serum levels of ALT, AST, and
LDH enzymes compared to the healthy control group, which is consistent with the results of Heidari et al.,
Esfahani et al., Hasanzadeh-Moghadam et al., and Wang et al. (18, 32-34). The return of increased levels of
serum enzymes indicative of rifampin-induced liver damage to their normal state by betaine can be due to
the prevention of the leakage of intracellular enzymes by maintaining the integrity of the cell membrane or
the regeneration and repair of damaged liver cells (35).

In the present study, the use of rifampin significantly increased the level of lipid peroxidation. The results
of the present study were consistent with the findings of Ghasemian Yadegari et al. and Santhosh et al. (9,
36). Rifampin is a strong inducer of the cytochrome P450 system, which causes the production of toxic
metabolites from drugs and their covalent binding to liver macromolecules (37). Therefore, the conversion
of rifampin into active metabolites that are able to bind to macromolecules in hepatocytes leads to liver
damage (38). The findings of the present study confirmed the above mechanism; because a significant
increase in the amount of lipid peroxidation was observed in the liver tissue of rats receiving rifampin, which
was observed along with a significant decrease in antioxidant enzymes.

The free radicals resulting from the reaction of rifampin metabolites with oxygen cause the peroxidation
of membrane lipids, which itself leads to the formation of lipid peroxides and finally the loss of hepatocyte
membrane integrity and liver damage (39).

The level of lipid peroxidation in liver cells was significantly reduced by administering betaine along
with rifampin. Betaine is a strong antioxidant that reduces lipid peroxidation in liver cells by reducing free
radicals (40).

The present study demonstrated that different doses of betaine (10, 50 and 100 mg/kg) effectively prevent
oxidative stress and subsequent mechanisms in the liver tissue of rats. Hence, a large part of the protective
effects of betaine in treated mice could be exerted through the reduction of free radicals as a result of betaine
consumption. Because it has been found that free radicals increase DNA damage (41) and changes in the
cellular skeleton (42). The excessive increase of free radicals in the liver due to rifampin leads to a decrease
in the capacity of antioxidant enzymes. In this research, it was found that the capacity of antioxidant
enzymes decreased significantly in rats that received rifampin. On the other hand, after the administration
of betaine in the studied groups, the amount of antioxidant enzymes increased significantly, so betaine can
increase the power of the antioxidant system by inhibiting free radicals and improving the liver cells and
compensate for the antioxidant activity. In this sense, the results of the present study are consistent with the
results of Alirezaei et al., Zhai et al., and Abdelrazek et al. (43-45).

Superoxide dismutase, catalase and glutathione peroxidase are antioxidant enzymes that have formed a
defense system against reactive oxygen species (ROS) (46). In the present study, a significant decrease in
hepatic glutathione levels was achieved after the use of rifampin. Taking betaine along with rifampin led to
a significant increase in the level of glutathione; therefore, the higher the amount of betaine was consumed,
the level of glutathione in liver cells increased significantly, which could be due to the improvement of liver
cells after betaine administration. In the results of studies by Alipourfard et al. and Alirezaei et al., this
increase in glutathione level was observed as a result of betaine consumption (47, 48).
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The beneficial role of betaine in liver tissue has been well demonstrated. Several mechanisms have been
proposed for the cytoprotective properties of betaine. One of the most important of these mechanisms is the
antioxidant activity of betaine, which has been mentioned in previous studies (47, 48). Oxidative stress and
mitochondrial dysfunction are two related cellular events.

In this study, extensive degenerative changes and necrosis of the center of the lobules were caused by
rifampin. The histopathological findings about the liver in this study reflect the direct and obvious toxic
effects of rifampin. With the administration of betaine, along with rifampin, only mild degenerative changes
were observed and no trace of necrosis was seen, which showed the protective effects of betaine against the
hepatotoxicity of rifampin. Overall, the obtained results confirm the protective role of betaine on rifampin
hepatotoxicity. Therefore, after conducting randomized clinical trials, betaine can be used in humans who
take rifampin to prevent irreparable liver damage. However, the exact knowledge of the substance, the
precise determination of the location and the effective mechanism or mechanisms in its pharmacological
action in this case require future studies.

Acknowledgment

We hereby thank the Vice-Chancellor of Research and Technology of Lorestan University of Medical
Sciences for approving and financially supporting this research as well as all the participants.

Journal of Babol University of Medical Sciences, 2024; 26: e58



8 The Protective Effect of Betaine on Inhibition of Rifampin-Induced Liver Damage in Rats/ P. Peiravi, et al

References

1.Raju SB, Battu RG. Manju latha YB, Srinivas K. Antihepatotoxic activity of smilax china roots on CCL4 induced
hepatic damage in rats. Int J Pharm Pharm Sci. 2012;4:494-6.

2.Dhar D, Baglieri J, Kisseleva T, Brenner DA. Mechanisms of liver fibrosis and its role in liver cancer. Exp Biol Med
(Maywood). 2020;245(2):96-108.

3.Gaude GS, Chaudhury A, Hattiholi J. Drug-induced hepatitis and the risk factors for liver injury in pulmonary
tuberculosis patients. J Family Med Prim Care. 2015;4(2):238-43.

4.Parthasarathy R, Sarma GR, Janardhanam B, Ramachandran P, Santha T, Sivasubramanian S, et al. Hepatic toxicity
in South Indian patients during treatment of tuberculosis with short-course regimens containing isoniazid, rifampicin
and pyrazinamide. Tubercle. 1986;67(2):99-108.

5.Hwang SJ, Wu JC, Lee CN, Yen FS, Lu CL, Lin TP, et al. A prospective clinical study of isoniazid-rifampicin-
pyrazinamide-induced liver injury in an area endemic for hepatitis B. J Gastroenterol Hepatol. 1997;12(1):87-91.
6.Attri S, Rana SV, Vaiphei K, Sodhi CP, Katyal R, Goel RC, et al. Isoniazid- and rifampicin-induced oxidative hepatic
injury--protection by N-acetylcysteine. Hum Exp Toxicol. 2000;19(9):517-22.

7.Yang Y, Jiang L, Wang S, Zeng T, Xie K. Diallyl trisulfide protects the liver against hepatotoxicity induced by
isoniazid and rifampin in mice by reducing oxidative stress and activating Kupffer cells. Toxicol Res (Camb).
2016;5(3):954-62.

8.John P, Bhatia N, Kale P, Doshi G. Benefit of Betaine in Isoniazid-Rifampicin-Induced Hepatotoxicity in Rats. Iran
J Toxicol. 2023;17(4):61-9.

9.Ghasemian Yadegari J, Mohammadi H, Haidari G, Adineh A, Ghanadi K, Mohammadian M, et al. Investigating the
protective effects of cinnamon bark hydroalcoholic extract on the inhibition of liver damage induced by rifampin in
male Wistar rats. Yafte. 2022;24(3):59-71. [In Persian]

10.Sabina EP, Peter S J, Prathap S, Geetha A. A comparison of hepatoprotective activity of Bacoside to Silymarin
treatment against a combined Isoniazid and Rifampin-induced hepatotoxicity in female Wistar rats. J Histotechnol.
2019;42(3):128-36.

11.0gunmoyole T, Ola-Awe AM, Fatile OG. Ethanolic extract of Mucuna pruriens leaves ameliorates carbon
tetrachloride and rifampicin-induced hepatotoxicity and nephrotoxicity in wistar albino rat. BMC Complement Med
Ther. 2021;21(1):282.

12.Wang Z, Yao T, Pini M, Zhou Z, Fantuzzi G, Song Z. Betaine improved adipose tissue function in mice fed a high-
fat diet: a mechanism for hepatoprotective effect of betaine in nonalcoholic fatty liver disease. Am J Physiol
Gastrointest Liver Physiol. 2010;298(5):G634-42.

13.0mmati MM, Heidari R. Betaine, heavy metal protection, oxidative stress, and the liver. In: Patel VB, Preedy VR,
editors. Toxicology: Oxidative Stress and Dietary Antioxidants. Academic Press; 2021. p. 387-95.

14.Craig SA. Betaine in human nutrition. Am J Clin Nutr. 2004;80(3):539-49.

15.Alirezaei M, Khoshdel Z, Dezfoulian O, Rashidipour M, Taghadosi V. Beneficial antioxidant properties of betaine
against oxidative stress mediated by levodopa/benserazide in the brain of rats. J Physiol Sci. 2015;65(3):243-52.
16.0mmati MM, Farshad O, Azarpira N, Shafaghat M, Niknahad H, Heidari R. Betaine alleviates cholestasis-
associated renal injury by mitigating oxidative stress and enhancing mitochondrial function. Biologia. 2021;76(1):351-
65.

17.Alirezaei M, Jelodar G, Ghayemi Z. Antioxidant defense of betaine against oxidative stress induced by ethanol in
the rat testes. Int J Pept Res Ther. 2012;18(3):239-47.

Journal of Babol University of Medical Sciences, 2024; 26: e58



The Protective Effect of Betaine on Inhibition of Rifampin-Induced Liver Damage in Rats/ P. Peiravi, et al 9

18.Heidari R, Niknahad H, Sadeghi A, Mohammadi H, Ghanbarinejad V, Ommati MM, et al. Betaine treatment
protects liver through regulating mitochondrial function and counteracting oxidative stress in acute and chronic animal
models of hepatic injury. Biomed Pharmacother. 2018;103:75-86.

19.Kwon DY, Jung YS, Kim SJ, Park HK, Park JH, Kim YC. Impaired sulfur-amino acid metabolism and oxidative
stress in nonalcoholic fatty liver are alleviated by betaine supplementation in rats. J Nutr. 2009;139(1):63-8.
20.Finaud J, Lac G, Filaire E. Oxidative stress : relationship with exercise and training. Sports Med. 2006;36(4):327 -
58.

21.Burton GJ, Jauniaux E. Oxidative stress. Best Pract Res Clin Obstet Gynaecol. 2011;25(3):287-99.

22.Sies H, Berndt C, Jones DP. Oxidative Stress. Annu Rev Biochem. 2017;86:715-48.

23.Valizadeh R, Mohammadi H, Ghaffarian Bahraman A, Mohammadi M, Ghasemian Yadegari J. Protective Effects
of Cinnamon Bark Hydroalcoholic Extract on Inhibition of Isoniazid-Induced Liver Damage in Male Wistar Rats. J
Mazandaran Univ Med Sci. 2023;33(221):1-11. [In Persian]

24 Mohammadi H, Heidari R, Niknezhad SV, Jamshidzadeh A, Farjadian F. In vitro and in vivo Evaluation of Succinic
Acid-Substituted Mesoporous Silica for Ammonia Adsorption: Potential Application in the Management of Hepatic
Encephalopathy. Int J Nanomedicine. 2020;15:10085-98.

25.0mmati MM, Mohammadi H, Mousavi K, Azarpira N, Farshad O, Dehghani R, et al. Metformin alleviates
cholestasis-associated nephropathy through regulating oxidative stress and mitochondrial function. Liver Res.
2021;5(3):171-80.

26.Ghaffarian-Bahraman A, Shahroozian I, Jafari A, Ghazi-Khansari M. Protective effect of magnesium and selenium
on cadmium toxicity in the isolated perfused rat liver system. Acta Med Iran. 2014;52(12):872-8.

27.0midi M, Ghafarian-Bahraman A, Mohammadi-Bardbori A. GSH/GSSG redox couple plays central role in aryl
hydrocarbon receptor-dependent modulation of cytochrome P450 1A1. J Biochem Mol Toxicol. 2018;32(7):e22164.
28.Mohammadi H, Sayad A, Mohammadi M, Niknahad H, Heidari R. N-acetyl cysteine treatment preserves
mitochondrial indices of functionality in the brain of hyperammonemic mice. Clin Exp Hepatol. 2020;6(2):106-15.
29.1sirima JC, Uahomo PO. Effect of acalypha wilkesiana on oxidative stress and histopathology of liver and kidney
in alloxan-induced diabetic albino rats. J Complement Altern Med Res. 2023;22(4):11-25.

30.Lenaerts AJ, Johnson CM, Marrieta KS, Gruppo V, Orme IM. Significant increases in the levels of liver enzymes
in mice treated with anti-tuberculosis drugs. Int J Antimicrob Agents. 2005;26(2):152-8.

31.Zhu H, Lu J, Zhou W, Jia C. Resveratrol protects against chronic alcohol-induced liver disease in a rat model.
STEMedicine. 2022;3(3):e133.

32.Esfahani PP, Mahdavinia M, Khorsandi L, Rezaei M, Nikravesh H, Khodayar MJ. Betaine protects against sodium
arsenite-induced diabetes and hepatotoxicity in mice. Environ Sci Pollut Res Int. 2023;30(4):10880-9.
33.Hasanzadeh-Moghadam M, Khadem-Ansari MH, Farjah GH, Rasmi Y. Hepatoprotective effects of betaine on liver
damages followed by myocardial infarction. Vet Res Forum. 2018;9(2):129-35.

34.Wang C, Ma C, Gong L, Dai S, Li Y. Preventive and therapeutic role of betaine in liver disease: A review on
molecular mechanisms. Eur J Pharmacol. 2021;912:174604.

35.Arumugam MK, Paal MC, Donchue Jr TM, Ganesan M, Osha NA, Kharbanda KK. Beneficial Effects of Betaine:
A Comprehensive Review. Biology (Basel). 2021;10(6):456.

36.Santhosh S, Sini TK, Anandan R, Mathew PT. Hepatoprotective activity of chitosan against isoniazid and
rifampicin-induced toxicity in experimental rats. Eur J Pharmacol. 2007;572(1):69-73.

Journal of Babol University of Medical Sciences, 2024; 26: e58



10 The Protective Effect of Betaine on Inhibition of Rifampin-Induced Liver Damage in Rats/ P. Peiravi, et al

37.Powell-Jackson PR, Tredger JM, Smith HM, Davis M, Williams R. Effect of isoniazid administration on selected
rat and mouse hepatic microsomal mixed-function oxidases and in vitro [14CJacetylhydrazine-derived covalent
binding. Biochem Pharmacol. 1982;31(24):4031-4.

38.Georgieva N, Gadjeva V, Tolekova A. New isonicotinoylhydrazones with SSA protect against oxidative-hepatic
injury of isoniazid. Trakia J Sci. 2004;2(1):37-43.

39.Naik SR. Antioxidants and their role in biological functions: An overview. Indian Drug. 2003;40(9):501-16.
40.Balkan J, Parldar FH, Dogru-Abbasoglu S, Aykag-Toker G, Uysal M. The effect of taurine or betaine pretreatment
on hepatotoxicity and prooxidant status induced by lipopolysaccharide treatment in the liver of rats. Eur J Gastroenterol
Hepatol. 2005;17(9):917-21.

41.Lopes S, Jurisicova A, Sun JG, Casper RF. Reactive oxygen species: potential cause for DNA fragmentation in
human spermatozoa. Hum Reprod. 1998;13(4):896-900.

42.Hinshaw DB, Sklar LA, Bohl B, Schraufstatter 1U, Hyslop PA, Rossi MW, et al. Cytoskeletal and morphologic
impact of cellular oxidant injury. Am J Pathol. 1986;123(3):454-64.

43.Alirezaei M, Jelodar G, Ghayemi Z, Khordad Mehr M. Antioxidant and methyl donor effects of betaine versus
ethanol-induced oxidative stress in the rat liver. Comp Clin Path. 2014;23:161-8.

44.7Zhai Y, Tang H, Zhang Q, Peng Y, Zhao L, Zhang B, et al. The Protective effect of Lycium barbarum betaine and
effervescent tablet against carbon tetrachloride-induced acute liver injury in rats. Nat Prod Commun. 2023;18(3):1-13.
45.Abdelrazek F, Salama DA, Alharthi A, Asiri SA, Khodeer DM, Qarmush MM, et al. Glycine Betaine Relieves
Lead-Induced Hepatic and Renal Toxicity in Albino Rats. Toxics. 2022;10(5):271.

46.Ji LL, Stratman FW, Lardy HA. Antioxidant enzyme systems in rat liver and skeletal muscle. Influences of selenium
deficiency, chronic training, and acute exercise. Arch Biochem Biophys. 1988;263(1):150-60.

47.Alipourfard F, Shajiee H, Nazari-Serenjeh F, Hojati V, Alirezaie M. Betaine attenuates oxidative stress and
cognitive dysfunction in an amyloid B-induced rat model of Alzheimer's disease. Res Pharm Sci. 2023;18(3):270-8.
48.Alirezaei M, Jelodar G, Niknam P, Ghayemi Z, Nazifi S. Betaine prevents ethanol-induced oxidative stress and
reduces total homocysteine in the rat cerebellum. J Physiol Biochem. 2011 Dec;67(4):605-12.

Journal of Babol University of Medical Sciences, 2024; 26: e58



