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Abstract

The present study was carried out to evaluate the hepatic changes, and antioxidant levels after using the
methotrexate and investigate the protective and curative effect of resveratrol against these effects. This study
was performed by determined the evaluate the liver function (AST,ALT,ALP and bilirubin) and antioxidant
levels (catalase, GSH) and MDA. Twenty eight male rats were randomly divided into four equal groups.
First group (Control) received distilled water only, second group treated with methotrexate (0.45
mg/kg.Bwt), third group treated with resveratrol (40 mg/kg.Bwt) 2 hrs before methotrexate (0.45
mg/kg.Bwt).fourth group treated with resveratrol (40 mg/kg.Bwt) 2 hrs after methotrexate (0.45
mg/kg.Bwt). The drugs were administrated orally for 28 days. The results showed that the animals that
treated with methotrexate were suffered from liver damages by significant increasing in the liver enzymes
and bilirubin and also, significant decreasing in the antioxidants (catalase and GSH), and significant
increasing in the MDA.While resveratrol (before and after) methotrexate showed decreasing in the level of
liver enzyme (ALT, AST and ALP) as compared with methotrexate alone. The administration of
reseveratrol (before and after) methotrexate administration led to decrease in the levels of bilirubin as
compared with methotrexate alone and significant increasing in the antioxidant parameters (catalase and
GSH), while there were significant decreasing in MDA. In this study methotrexate induced alteration in the
liver function and decreased the antioxidants levels, while the resveratrol have the ability to maintain liver
function, and to increase antioxidant levels.
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Introduction

Methotrexate (MTX), being a folic acid antagonist, is reckoned a cytotoxic agent that effectively
inhibits cellular growth. It is used in many clinical indications such as lymphomas, leukemia, and other
malignancies; autoimmune diseases, psoriasis and rheumatoid arthritis; and ectopic pregnancy [1].

In spite of the cytotoxic function of MTX which causes adverse effects on pulmonary, hepatic,
renal and hematopoietic tissues, yet patients can endure them [2].

Rat studies have indicated that the side effect of MTX is possibly related to the increasing levels of
reactive oxygen species (ROS), hydroxyl radicals and hydrogen peroxide as a result of oxidative stress and
lipid peroxidation [3] along with decreased levels of antioxidant defense molecules. Moreover, it has been
reported that MTX reduces cellular levels of glutathione (GSH), an important cytosolic antioxidant and free
radical scavenger, and it increases the levels of malondialdehyde (MDA) and myeloperoxidase (MPO) [5].
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[2] Have affirmed that upregulation of p53 and p21 plays an important role in the induction of
hepatocyte apoptosis following administration of a single dose of MTX in rats. Hence the reduction of
MTX side effects is a hot topic in medicine although very few drugs are discovered, that reverse the MTX-
induced oxidative damage in liver tissue. The liver plays a significant role in transforming and clearing
chemicals and is susceptible to the toxicity from certain agents. When certain medicinal agents are taken in
overdoses or introduced within therapeutic ranges, the liver may be injured. Other chemical agents as those
used in laboratories and industries, natural chemicals and herbal remedies can cause hepatotoxicity. So
those chemicals which cause liver injury are called hepatotoxins. As such toxic hepatitis can be caused by
toxic substances and certain drugs [2].

In addition to the drug-induced liver injury, a substantial number of compound failures are
attributed to hepatotoxicity highlighting the need for toxicity prediction models and drug screening assays,
such as stem cell- derived hepatocyte-like cells, which are capable of detecting toxicity early in the drug
development process. Subclinical injury to the liver which is often caused by Chemicals manifests only as
abnormal liver enzyme tests [4].

Resveratrol (RSV) is a polyphenol molecule which exists in different concentrations of many
various plant sources. RSV is also discovered to have important anti-inflammatory, anti-mutation,
antoxidant and DNA protective actions, when consumed by humans and animals. Most of the active
research with RSV has been conducted in neuro and cardioprotection, yet several studies have referred to
RSV’s use for arthritic joint pain [6].

[7] have observed the RSV intra-articular injection to animals saves cartilage and reduces the
inflammatory reaction in simulated knee osteoarthritis. The anti-inflammatory properties of RSV have also
been observed in experimental animal models with paw edema attributed to the suppression of
inflammatory prostaglandin synthesis [7]. RSV is also found as a potent and specific inhibitor of TNF-o—
and IL-1b—induced NF-kB activation. RSV manifests the anti-inflammatory properties as it suppresses
COX-2 by blocking NF-kB activation [8]. Recent studies have illustrared that RSV posses many
therapeutic effects on liver disorders. RSV has significantly increased survival after liver transplantation,
necrosis, apoptosis and decreased fat deposition, induced by ischemia in wistar rats. It provides liver
protection against cholestatic, chemical, and alcohol injury. RSV can improve glucose metabolism, lipid
profile, steatosis and reduces liver fibrosis and is being able to change hepatic cell fatty acid composition
[9].Hence, this study aimedto evaluating the protective and curative effect of resveratrol as antioxidant and
reduces toxic hepatitis in rats treated with methotrexate in rat model.

Materials and Methods
Animals:

Twenty eight (28) male rats, their age ranged between 8-10 weeks, and their weight ranged between
200 - 250 grams obtained from Samarra Drugs Industries. The animals were kept for 2 weeks for adaptation
before beginning the experiment. The rats were randomly divided into six groups each group have seven
animals and housed in stainless steel wire mesh cages on a bedding of wood shavings. Ambient temperature
was controlled at (25 £ 3 C)with relative humidity of 50% * 15% and a light/ dark cycle of 12 hrs. /12 hrs.
Food and water were provided at all times except before drugs administration (1/2 hrs. before
administration).
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Drugs Materials

The methotrexate (made by Ebewe pharma company in Austria), and Resveratrol (made by
Asquared nutrition company in U.S.A.) were obtained from Samarra district pharmacies,lraq.
Experimental Design:

Twenty eight (28) male rats divided into four equal groups and treated orally for 28 days as the following:
1-First group: was served as control and treated with distilled water.

2-Second group: was treated with 0.45 mg/kg of methotrexate orally [5].

5-Third group: (Protection): was be received 40 mg/kg of resveratrol [10] 2 hrs before administration of
methotrexate orally.

6- Fourth group: (Curative): was received 40 mg/kg of resveratrol 2 hrs after administration of methotrexate
orally.

Blood Serum Samples

Blood samples were collected after the last dose from rat heart directly by (insulin syringe) in a dry,
clean and sterile centrifuge tubes (gel tubes), and then left few minutes allowed to be clotted at room
temperature before circulation by centrifuge at (3000) rpm for 10 minutes to separate the clear sera which
were put in eppendorf tube by micropipette till performing the biochemical analysis [11].

Alanine Transaminase (ALT):

Alanine Transaminase or Alanine aminotransferase (ALT or GPT) catalyzes the transfer of the
amino group from alanine to 2-oxoglutarate, forming pyruvate and glutamate. The catalytic concentration
is determined from the rate of decrease of NADH, measured at 340 nm, by means of the lactate
dehydrogenase (LDH) coupled reaction [12] and [13].

Aspartate Transaminase (AST):

Aspartate Transaminase or Aspartate aminotransferase (AST or GOT) catalyzes the transfer of the
amino group from aspartate to 2-oxoglutarate, forming oxalacetate and glutamate. The catalytic
concentration is determined from the rate of decrease of NADH, measured at 340 nm, by means of the
malate dehydrogenase (MDH) coupled reaction [12] and [14].

Alkaline Phosphatase (ALP):

Alkaline phosphatase (ALP) catalyzes in alkaline medium the transfer of the phosphate group from
4-nitrophenylphosphate to diethanolamine (DEA), liberating 4-nitrophenol. The catalytic concentration is
determined from the rate of 4-nitrophenol formation, measured at 405 nm [15].

Bilirubin (Total and Direct)

Direct bilirubin in the sample reacts with diazotized sulfanilic acid forming a coloured complex that
can be measured by spectrophotometry. Both direct and indirect bilirubin couple with diazo in the presence
of cetrimide [16]. The terms “direct” and “total” refer to the reaction characteristics of serum bilirubin in
the absence or presence of solubilizing (accelerating) reagents. The “direct” and “indirect” bilirubin is only
approximately equivalent to the conjugated and unconjugated fractions.

Glutathione(GSH) in Serum

The level of glutathione in the serum is measured by using the Ellman detector method, where the

sulfahydral free spectrum of the triptychione peptide interact with the Ellman detector in a basal medium to
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give a yellow-colored complex a combination of a two-sulfur compound and a nitro benzoic acid (TNB),
the color intensity depend on the concentration of glutathione found in the sample [17].

Malondialdehyde (MDA)

The concentration of MDA in serum was determined according to Buege and Aust method [18].
Malondialdehyde formed from breakdown of polyunsaturated fatty acids serves as a convenient index of
peroxidation reaction. The thiobarbituric acid method was used to estimate the MDA, which reacts with
thiobarbituric acid (TBA) giving pink color read at A max 535 nm [19] .

Catalase Activity Assay Kit (Colorimetric/ Fluorometric)

Catalase Activity Assay Kit (Abcam, England)(Colorimetric/Fluorometric) (ab83464) is a highly
sensitive, simple and direct assay for measuring catalase activity in a variety of biological samples such as
cell and tissue lysates or biological fluids. In this assay, the catalase present in the sample reacts with
(H,O,) to produce water and oxygen. The unconverted H,O, reacts with probe to produce a
fluorometrically at Excitation/Emission= 535/587 nm.

Therefore, the catalase activity present in the sample is reversely proportional to the signal obtained.
The kit can detect as little as 1 pU of catalase activity.

Statistical Analysis

Statistical analysis of data was performed using SAS (Statistical Analysis System - version 25).
One-way ANOVA and Least significant differences (LSD) post hoc test was performed to assess
significant difference among means. P < 0. 05 was considered statistically significant [20].

(SAS. 2010. SAS/STAT Users Guide for Personal Computer. Release 9. 1. SAS Institute, Inc., Cary, N. C.,
USA.).
Ethics

The handling of animals and the experimental protocol are performed for being sure that animals do

not suffer at any stage of the experiments.

Results & Discussion
The Effects of Resveratrol on Serum Liver Enzymes in Rats Treated with Methotrexate.

The rats that treated with methotrexate alone showed significant increasing (P< 0.05) of the serum
liver enzymes included (AST, ALT and ALP) as compared with negative control group; these results are in
agreement with those obtained by [21]. The hepatic injury induced by methotrexate led to an increasing in
the serum ALT and AST in comparison with normal negative control, as indicator for marked
hepatocellular injury with cholestasis. The livers enzymes normally present in the cytosol and release into
the blood stream when the hepatocellular plasma membraneis damaged [22]. ALP is excreted normally via
bile by the liver. The liver injury due to drugs can result in defective excretion of bile by hepatocytes which
are reflected as their increased levels in serum [23]. While resveratrol (before and after) methotrexate
administration showed decreasing in the level of liver enzyme (ALT) no significantly as compared with
administration of methotrexate alone, but there was significant decreasing (P< 0.05) in the levels of (AST
and ALP) as compared with administration of methotrexate alone and become near to control levels. These
results are in agreement with those obtained by [24]. [25] showed revealed that RSV pretreatment provides
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protection against MTX induced hepatic damage by reducing TBARS content, as an index of lipid
peroxidation, RSV treatment significantly prevented MTX-induced hepatotoxicity, as indicated by AST,
ALT, and ALP levels.

In other hand, the administration of resveratrol after methotrexate led to significant decreasing (P<
0.05) in level of liver enzyme (ALP and AST) as compared with administration of methotrexate alone
(Table: 1), These results are in agreement with those obtained by [26].

Table (1): Show the Effects of Resveratrol on Serum Liver Enzymes in Rats Treated with Methotrexate.

Test
Group\ ALT (U/L) ALP(U/L) AST(U/L)
Negative Control 23.2+0.37 49.40+0.51 56.20+1.62
B B B
30.4+1.21 69.0+6.81 72.0x4.77
Methotrexate (Positive control) A A A
Resveratrol before 28.40+0.81 53.0+1.05 67.0£2.09
A AB AB
50.60+0.87
Resveratrol after 27.60+1.72 B 61.2+1.06
A B
LSD 5.35 18.5 15.9

N=7
The different capital letters refer to significant differences between different treated groups at (P< 0.05).
The Effects of Resveratrol on Serum Bilirubin in Rats Treated with Methotrexate.

The rats that treated with methotrexate administration alone showed significant increasing (P<0.05)
in serum bilirubin levelas compared with negative control group, this result is in agreement with that
obtained by [27]. Increasing in the serum bilirubin has been associated with hepatocellular damage and
with intra and extra-hepatic biliary tract obstruction [5].

In the groups that treated with resveratrol (before and after) methotrexate administration there were
significant decreasing (P<0.05) in the levels of bilirubin as compared with administration of methotrexate
alone (Table:2), these results are in agreement with those obtained by [26].

Table (2): Show the Effects of Resveratrol on Serum Bilirubin in Rats Treated with Methotrexate

Groups Bilirubin(mg/dl)

Negative Control 0.38+0.066

B
0.62+0.086

Methotrexate (Positive control) A
Resveratrol before 0'4050'10
Resveratrol after 0'3550'06

LSD 0.22

N=7
The different capital letters refer to significant differences between different treated groups at (P<0.05).
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The Effects of Resveratrol on Serum Malondialdehyde (MDA), Enzymatic Antioxidant (Catalase) and
non-Enzymatic Antioxidant (GSH)in Rats Treated with Methotrexate.

The group of rats that treated with administration of methotrexate alone showed significant increasing
(P<0.05) of MDA levels, significant decreasing (P<0.05) of catalase and GSH levels as compared with
negative control group, these results are in agreement with those obtained by [5]. In liver, the conversion of
MTX to its major extracellular metabolite, 7-hydroxy methotrexate, takes place where it is oxidized by a
soluble enzymatic system. GSH is one of the most common biologic non-enzymatic antioxidant. Its
function includes removal of free radicals such as H202 and superoxide anions [28] and [29]. The
increasing in the MDA levels was attributed to enhanced lipid peroxidation, leading to tissue damage and
failure of antioxidant defense mechanisms to prevent excessive free radicals formation [5]. Catalase action
was detoxified H,O,, when present at high concentration, accumulatingH,0, arisen from the decreasing of
catalase activities. In the treated animals the increasing of H,O,concentration inactivated superoxide
dismutase (SOD) activity and this might render the liver more susceptible to H,O, and hydroxyl-radical
induced oxidative stress [30].

While in the groups that treated with resveratrol (before and after) methotrexate administration
showed increasing (P<0.05) in the levels of GSH and catalase as compared with methotrexate alone, these
results are in agreement with those obtained by [24]. RSV could improve the antioxidant defense system by
modulating antioxidant enzymes through down regulation of extracellular signal-regulated kinase (ERK)
activated by reactive oxygen species (ROS) [31]. The first line of defence against free radicals is SOD,
which catalyzes the dismutation of superoxide anion radical into hydrogen peroxide (H202). Subsequently,
H202 is transformed into water and oxygen by catalase. Glutathione peroxidase enzyme removes H202 by
using it to oxidize reduced glutathione into oxidized glutathione [24].

The groups that treated with resveratrol (before and after) methotrexate administration showed
decreasing (but not significant) (P<0.05) in the levels of MDA as compared with administration of
methotrexate alone (Table : 3), these results are in agreement with those obtained by [24] they showed
MDA is an end product and remnant of lipid peroxidation which acts as a cytotoxic messenger for primary
reactions. It can escape from cells to initiate attack in other parts of the body. [32] suggested that GSH
plays a key role in detoxifying the reactive toxic metabolites of hepatotoxic substances. Failure to detoxify
the metabolites promotes liver necrosis. GSH form adducts with the toxic metabolites and contributes to the
detoxification of toxic materials. It has been suggested that one of the principal causes of liver injury is
lipid peroxidation caused by its free radical derivatives.

Table (3): Shows the Effects of Resveratrol on Serum Malondialdehyde (MDA), Enzymatic
Antioxidant (Catalase) and non-Enzymatic Antioxidant (GSH)in Rats Treated with Methotrexate.

GSH MDA Catalase
Group Test 107° uM (umol/1) (nmol/ml)

Control negative (-) 0.100+ 0.009 1.02+0.5 0.936+0.036
C A
0.058+0.017 2.01+0.37 0.451+0.087
Methotrexate positive (+) A C
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0.076+0.012 1.27+0.25 0.755+0.029
Resveratrol before BC B
0.101+0.033 1.91+0.23 0.680+0.037
Resveratrol after
AB B
LSD 0.089 0.95 0.14

N=7
The different capital letters refer to significant differences between different treated groups at (P<0.05).

References

1- Kozminski, P. , Halik, P.K., Chesori, R. and Gniazdowska,E. (2020). Overview of Dual-Acting
Drug Methotrexate in Different Neurological Diseases, Autoimmune Pathologies and Cancers, Int. J. Mol.
Sci. 2020, 21(10), 3483.

2-Samdanci, E. T., Huz,M., Ozhan,O., Tanbek,K., Pamukcu,E., Akatli,A.N. and Parlakpinar,H.
(2019). Cytoprotective effects of molsidomine against methotrexate-induced hepatotoxicity: an
experimental rat study, Drug Des Devel Ther. 2019; 13: 13-21

3-Cure, E., Kirbas,A. Tumkaya,L., Cure,M.C., Kalkan,Y., Yilmaz,A. and Yuce, S. (2015). Protective
effect of infliximab on methotrexate-induced liver injury in rats: Unexpected drug interaction Journal of
Cancer Research and Therapeutics - January-March 2015 - Volume 11 - Issue 1.

4- Dixit, V. A. (2019)."A simple model to solve a complex drug toxicity problem™. Toxicology
Research. 8 (2): 157-171.

5- Abdel-Mawla A. A - S, Safia M Hassan, Ekram N Abd Al-Haleemand Safeyah Z El-Hangoor,
(2016). Effect of L-arginine on methotrexate induced hepatotoxicity in albino rats. Bioscience and Applied
Research,Vol.2, No.2, PP.88-99.

6-Yan F., Sun X., Xu C., (2018). Protective effects of resveratrol improve cardiovascular function in rats
with diabetes. Exp. Ther. Med.;15:1728-1734.

7-Dvorakova M., Landa P., (2017). Anti-inflammatory activity of natural stilbenoids: A
review. Pharmacol. Res.;124:126-145.

8-Nunes S., danesi F., del rio D., silva P., (2018). Resveratrol and inflammatory bowel disease: the
evidence so far. nutr. res. rev.;31:85-97.

9- Teresa P. bede, Vanessa A. jesuz , vanessa R. souza , monique B. elias , felipe I. oliveira, juliana F.
dias, anderson j. teodoro, vilma b. azeredo, (2020). Effects of grape juice, red wine and resveratrol on
liver parameters of rat submitted high-fat diet, An. Acad. Bras. Ciénc. vol.92 n0.2.1678-2690.

10- Weiskirchen, S. and Weiskirchen, R. (2017). Resveratrol: Is It Really Good for Liver Health? Hepat
Mon. 17(8):e12074.

11-Mossa, A. H.; Heikal ,T. M.; Mohafrash S. M.M. and Refaie A. (2015). Antioxidant Potential and
Hepatoprotective Activity of Origanum majorana Leaves Extract against Oxidative Damage and
Hepatotoxicity Induced by Pirimiphos-Methyl in Male Mice. journal of Applied Sciences,15(1):69-79.
12-Gella, FJ.; Olivella, T.; Cruz ,Pastor, M.; Arenas, J.; Moreno, R.; Durban, R.and Gbémez,
JA.A.(1985).simple procedure for routine determination of aspartate aminotransferase and alanine
aminotransferase with pyridoxal phosphate.Clinica Chimica Acta, 153: 241-247.

1178
http://annalsofrscb.ro


https://sciprofiles.com/profile/1041647
https://sciprofiles.com/profile/775596
https://sciprofiles.com/profile/1101462
https://sciprofiles.com/profile/1101462
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6304250/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6417485

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 1172 - 1180
Received 05 March 2021; Accepted 01 April 2021.

13-1IFCC.(2010).reference procedures for measurement of catalytic concentrations of enzymes:
corrigendum, notes and useful advice.Clinical Chemistry and Laboratory Medicine, 48: 615-621.
14-Clinica, S.E.de Q.; Cientifico ,C.; de Enzimas, C.(1987).Método recomendado para la determinacion
en rutina de la concentracion catalitica de la aspartato aminotransferasa en suero sanguineo humano.Quim
Clin, 6: 235-239.

15-The Committee on Enzymes of the Scandinavian Society for Clinical Chemistry and Clinical
Physiology.(1974).Recommended methods for determination of four enzymes in blood.Scandinavian
journal of clinical and laboratory investigation, 33:291-306.

16-Zoppi , F.;Peracino, A.; Fenili, D.; Marcovina, S.and Ramella, C.(1976).Metodo per la
determinazione della bilirubina totale e coniugata.Uso di un tensioattivo cationico come agente
solubilizzante.Giorn It Chim CI., 1:343-359.

17-Ellman, G.L.(1959).Tissue sulfthydryl groups. Archives of biochemistry and biophysics, 82(1), 70-77.
18-Nur, A.; Nusrat, J.B.and Rafiqguzzaman.( 2013).Review on in vivo and in vitro methods evaluation of
antioxidant activity ,Saudi Pharmaceutical Journal, 21(2):143-152.

19-Buege J.A.and Aust S.D.(1978).microsomal lipid peroxidation, Methods- Enzymol, 52: 302- 310.
20-Snedecor, G.W.and Cochran,W.G.(1973).Statistical methods (6 ™ Ed.).lowa state University
press.USA.Pp.238-248.

21- Demirci Tuba, Semin Gedikli, Nurinnisa Ozturk and Nevra Aydemir Celep,(2019).The Protective
Effect of N-acetylcysteine Against Methotrexate-Induced Hepatotoxicity in Rat. EJMI 2019;3(3):219-226.
22- Kumari Shalini, Savita Kumari, Anil Kumar Sharma, Inderpreet Kaur (2015). Methotrexate
Induced Hepatotoxicity and Its Management. International Multi Track Conference on Sciences,
Engineering & Technical Innovations; Vol:(2),196_199.

23- Poupon Raoul (2015). Liver Alkaline Phosphatase: A Missing Link Between Choleresis and Biliary
Inflammation. HEPATOLOGY, Vol. 61, No. 6, 2015.

24- Aliyu,M. M.1.A. Saleh , AW. Alhassan., J. Zuberu , B.Y. Adamu , B.T. lliya and N.S. Emmanuel,
(2019). Evaluation of the effect of co-administration of resveratrol and vitamin E on carbamazepine-
induced oxidative stress in male adult wistar rats. J. Afr. Ass. Physiol. Sci. 5 (2): 93-100.

25- Dalaklioglu, S. G.E. Genc, N.H. Aksoy, F. Akcit, S. Gumuslu (2013). Resveratrol ameliorates
methotrexate-induced hepatotoxicity in rats via inhibition of lipid peroxidation. Hum Exp Toxicol;
Volume: 32 issue: 6, page(s): 662-671.

26- Abdu Suzan B. and Fatima M. Al-Bogami, (2019). Influence of resveratrol on liver fibrosis induced
by dimethylnitrosamine in male rats. Saudi J Biol Sci.; 26(1): 201-2009.

27- Mhatre Bhakti A. & Thankamani Marar, (2016). Protective effect of Morinda citrifolia L. (fruit
extract) on methotrexate-induced toxicities_hematological and biochemical studies, Cogent Biology, 2:1,
2331-2025

28-Saka S, Aouacheri O (2017). The Investigation of the Oxidative Stress-Related Parameters in High
Doses Methotrexate-Induced Albino Wistar Rats. J Bioequiv Availab, an open access journal VVolume 9(2):
372-376 (2017) — 372;ISSN: 0975-0851.

1179
http://annalsofrscb.ro


https://journals.sagepub.com/doi/abs/10.1177/0960327112468178
https://journals.sagepub.com/doi/abs/10.1177/0960327112468178
https://journals.sagepub.com/doi/abs/10.1177/0960327112468178
https://journals.sagepub.com/doi/abs/10.1177/0960327112468178
https://journals.sagepub.com/doi/abs/10.1177/0960327112468178
https://journals.sagepub.com/toc/het/32/6
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdu%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=30622427
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Bogami%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=30622427
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6319027/

Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 1172 - 1180
Received 05 March 2021; Accepted 01 April 2021.

29- Alwan M. S. and Al-Okialy B. N. (2019). Role of Alpha Lipoic Acid in Oxidant /Antioxidant Status
and Gene Expression of Glutathione Reductase in Hydrogen Peroxide Exposed Rats: (Part -2). The Iraqi
Journal of Veterinary Medicine, 42(2):50-57.

30-Nandi Ankita, Liang-Jun Yan, Chandan Kumar Jana, and Nilanjana Das (2019). Role of Catalase
in Oxidative Stress- and Age-Associated Degenerative Diseases. Oxidative Medicine and Cellular
Longevity / 2019 / Volume 2019, Article ID 9613090, 19 pages.

31-Singh, A.K.; Vinayak, M. (2017). Resveratrol alleviates inflammatory hyperalgesia by modulation of
reactive oxygen species (ROS), antioxidant enzymes and ERK activation. Inflamm. Res. 2017, 66, 911-
921.

32-Roy, Souvik, Santanu Sannigrahi, Subhabrota Majumdar, Balaram Ghosh, and Biswajit Sarkar,
(2011). Resveratrol Regulates Antioxidant Status, Inhibits Cytokine Expression and Restricts Apoptosis in
Carbon Tetrachloride Induced Rat Hepatic Injury. Hindawi Publishing Corporation Oxidative Medicine
and Cellular Longevity, 2011, Article ID 703676, 12 pages.

1180
http://annalsofrscb.ro


https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/omcl/contents/year/2019/

