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ABSTRACT

Objective: Methotrexate (MTX), an antifolate and antimetabolite, is used in the treatment of cancer and autoimmune diseases,
however, it can cause many adverse events. Lipoic acid (LA) has anticancer and antioxidant activities, and due to these properties,
it is effective in curing the complications of various disorders. The study aims to investigate the potential therapeutic effect of LA
on MTX-induced oxidative stress in the heart tissues of rats.
Materials and Methods: Eighteen Wistar Albino rats were divided equally into 3 groups as follows: Controls, MT group (MTX
was injected with a single dose of 20 mg/kg, i.p.) and MT+LA group (MTX was injected with a single dose of 20 mg/kg, i.p. on
the first day and LA (dissolved in saline, 50 mg/kg/day, i.p,) was injected for 5 days). On the sixth day, rats were sacrificed under
general anesthesia. Total protein, lipid peroxidation (LPO), nitric oxide (NO), sialic acid (SA), and glutathione (GSH) levels, and
also catalase (CAT), superoxide dismutase (SOD) and glutathione-s-transferase (GST) activities were determined in 10% (w/v)
heart homogenates.
Results: MTX administration significantly increased LPO and NO levels, and SOD activity and significantly decreased GSH level
and CAT activity. LA reversed these parameters by decreasing LPO and NO levels and SOD activity, and increasing GSH levels
significantly.
Conclusion: LA has beneficial effects on the impaired oxidant/antioxidant status and is effective in reducing oxidative stress
during MTX administration in the heart tissue of rats.
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INTRODUCTION

Methotrexate (MTX), an antifolate and antimetabolite drug,
is used in managing and treating cancer and autoimmune
diseases.1 It was originally designed as an antagonist of the
folate pathway in leukemia treatment, and as a folate reductase
inhibitor, it has anti-inflammatory, antiproliferative, antipso-
riatic, and immunosuppressive effects. In addition to its im-
munosuppressive effect, MTX fights against neoplastic cells by
blocking cell metabolism diseases.2 As with many chemothera-
peutic agents, MTX does not show high selectivity for damaged
cells, so it is known to affect healthy cells as well. MTX can
cause various toxicological effects and biochemical dysfunc-
tions. In addition, various side effects of MTX, such as terato-
genicity, infertility, hepatotoxicity, nephrotoxicity, and neuro-
toxicity have been reported.3 Although the exact mechanism
of MTX-induced toxicity is unknown, it is thought that it is a

result of the formation of reactive oxygen metabolites (ROM)
and a decreased antioxidant defense system due to MTX use.4
Excessive production of ROM and other peroxide radicals in-
creases oxidative stress in the cell and an imbalance between
prooxidant and antioxidant defense occurs. Inadequate antioxi-
dant defense mechanisms cannot protect the cell from oxidative
damage resulting in cell damage.5

One of the alternative treatment methods used to reduce tis-
sue damage during the treatment by chemotherapeutics is the
use of antioxidant substances. Dietary antioxidants can enhance
the deleterious effects of therapy by reducing or preventing
some of the side effects of therapeutic drugs. For this purpose,
many antioxidants have been tried and stated to be effective in
reducing oxidative stress.6,7 Lipoic acid (LA) is an endogenous
substance found naturally in many common animal and plant
foods. It readily crosses the blood-brain barrier and is accepted
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as a substrate by human cells. LA has anti-cancer and anti-
oxidant activities, and due to these properties, it is effective
in curing the complications of various disorders and has been
used as a dietary supplement ingredient for many years.8,9

The study aims to investigate the potential therapeutic effect
of LA on MTX-induced oxidative stress in the heart tissues of
rats.

MATERIALS AND METHODS

The experimental procedures were approved by the Marmara
University Animal Care and Use Committee (Protocol Number:
21.2023mar). Eighteen male Wistar Albino rats (200-250gr, 2
months old) were housed under standard laboratory conditions
and given water ad libitum and standard rat pellets throughout
the study. MTX (50 mg/5 mL) was obtained from Koçak Farma
İlaç ve Kimya Sanayi A.S., Turkey, and LA (catalog number:
1077-28-7) was obtained from Sigma-Aldrich Chemical Com-
pany (St. Louis, MO, USA).

Study Group

Rats of the experiment were randomly divided into 3 groups as
follows: Control group (C) (n=6), MTX administered group
(MT) (n=6), and MTX+LA administered group (MT+LA)
(n=6). In the MT group, a single dose of MTX was injected (20
mg/kg, i.p.) on the 1st day and saline was injected (0.1 mL/100
g/day, i.p.) for 5 days. In the MT+LA group, a single dose of
MTX (20 mg/kg, i.p.) was injected on the 1st day, and LA (dis-
solved in saline, 50 mg/kg/day, i.p.) was injected for 5 days. On
the 6th day of the experiment, all rats were sacrificed under gen-
eral anesthesia with sodium pentothal (50mg/kg, i.p.), and heart
tissues were taken immediately for biochemical examination.
Homogenates (10% w/v) were made and kept at -20°C.

Biochemical Parameters

Biochemical parameters; total protein, lipid peroxidation
(LPO), nitric oxide (NO), sialic acid (SA), and glutathione
(GSH) levels, additionally catalase (CAT), superoxide dismu-
tase (SOD) and glutathione-s-transferase (GST) activities were
done in heart homogenates of rats.

Total protein levels of the heart tissues were measured by
the method of Lowry et al.10 and used to express the results
of the parameters per protein. LPO level was measured by
the method of Yagi11 and the results were presented as nmol
MDA/mg protein. The method of Miranda et al.12 was used to
detect NO levels and the results were expressed as nmol/mg
protein. SA levels were determined by the method of Warren13

and the results were presented as mg/g protein. The method of
Beutler14 was used to determine GSH levels and results were
expressed in mg/g protein. CAT activity of the heart tissues
was evaluated by the method of Aebi15 and the results were

presented as U/mg protein. SOD activities of the heart tissues
were determined by the method which is based on its ability
to increase the effect of riboflavin-sensitized photooxidation of
o-dianisidine16 and the results were expressed in U/g protein.
GST activity was evaluated by the method of Habig17 and the
results were expressed as U/g protein.

Statistical Analysis

All data was analyzed by using the program GraphPad Prism
9 (GraphPad Software, San Diego, USA). Shapiro-Wilk test
was used to confirm the normal distribution of the data, and
the one-way analysis of variance (ANOVA) test and Tukey’s
multiple comparison tests were applied. Data is presented as
mean±standard deviation and a value of p<0.05 indicates that
there is a significant difference.

RESULTS

Oxidation Parameters

Heart LPO, NO and SA levels of the groups are shown in Figure
1. LPO and NO levels of the MT group significantly increased
compared with the controls, and significantly decreased com-
pared with the MT+LA group (p<0.01, p<0.05, p<0.05, p<0.05,
respectively). Besides, heart SA level in the MT group increased
compared with the C group, and decreased compared with the
MT+LA group, but the results were insignificant.

Antioxidant Parameters

Heart GSH level and CAT, SOD, and GST activities of the
groups are shown in Figure 2. In the MT group, a signifi-
cant decrease in GSH level and CAT activity were found com-
pared with the controls (p<0.01, p<0.05), and GSH level signif-
icantly increased compared with the MT+LA group (p<0.05).
Besides, a slight increase was noticed in the CAT activity of
the MT+LA group compared with the MT group, but the result
was insignificant. Heart SOD activity significantly increased
in the MT group compared with the C group, and signifi-
cantly decreased compared with the MT+LA group (p<0.01,
p<0.05). Neither MTX administration nor MTX+LA adminis-
tration changed GST activity in the heart tissue of the rats.

DISCUSSION

MTX is one of the most used antifolate and antimetabolite
drug.1,18,19 However, many adverse events occur due to the
use of MTX during treatment. These side effects are gener-
ally dose-dependent or related to the usage period.20 Although
the mechanism has not been fully clarified yet, previous stud-
ies have put forward excessive ROM production during MTX
therapy, and this condition is one of the major causes of MTX-
induced side effects.21,22 MTX inhibits the NAD+-dependent
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Figure 1. Levels of LPO, NO, and SA in heart tissue. Values are given as mean±standard deviation, C: Control group; MT: Methotrexate given group; MT+LA:
Methotrexate and Lipoic acid given group; LPO: lipid peroxidation; MDA: malondialdehite; NO: nitric oxide; SA: sialic acid. *p<0.05, **p<0.01 significantly
different from group C; 𝑎p<0.05 significantly different from group MT.

Figure 2. Level of GSH, activities of CAT, SOD, and GST in heart tissue. Values are given as mean±standard deviation, C: Control group; MT: Methotrexate
given group; MT+LA: Methotrexate and Lipoic acid given group; GSH: glutathione; CAT: catalase; SOD: superoxide dismutase; GST: glutathione-S-transferase.
*p<0.05, **p<0.01 significantly different from group C; 𝑎p<0.05 significantly different from group MT.

mitochondrial enzymes, impairs the defense system, and thus
it causes the cells to be unable to resist free radicals. Besides,
MTX depletes protective antioxidant defense molecules and
inhibits the activities of free radical scavengers.23

Excessive ROM production and increased LPO levels due
to radical formation induce cellular injury by damaging the
cell membrane. Based on the previous knowledge, 20 mg/kg
of MTX was used in the present study to induce MTX-related

tissue damage, and LPO level significantly increased in the
MT group, by previous data.24,25 The increase in ROM may
have overpowered the antioxidant system and damaged the cell,
which could have been detected as an increase in the LPO level.
NO is a molecular mediator of various pathological and physio-
logical processes, such as vasodilation and inflammation. Over-
production of NO in the presence of oxidative stress contributes
to tissue damage by interacting with superoxide and forming
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peroxynitrite, a potent cytotoxic agent.25 As in elevated LPO
level, NO level also increased significantly in the MTX-given
group than those of the controls. Other studies also support our
findings.26,27 The increase both in LPO and NO levels of the
MT group shows that MTX triggers oxidative stress, exposing
cells to radicals and making them prone to cellular damage. SA
is one of the terminal sugars in many glycoconjugates and is
present in all biological membranes. It has a crucial role in cell
protection by increasing in pathological situations. Also, SA is
a stable marker of inflammation with less intra-individual vari-
ability, and therefore, it can more accurately represent inflam-
matory status.28 In the present study, MTX injection elevated
SA levels but the result was insignificant, which may be caused
by the heart tissue’s self-protection against radical damage me-
diated by MTX administration. The explanation of oxidative
stress-induced damage in heart cells may be a reason for the
imbalance between antioxidants and oxidants. There may be a
loss or insufficiency of antioxidant defense. Depletion of an-
tioxidant enzymes and defense mechanisms in the cell causes
mitochondrial dysfunction and induction of endoplasmic retic-
ulum stress due to increased ROM production.

GSH is an important antioxidant due to its involvement in
cellular metabolism and reducing properties. In previous stud-
ies, MTX-mediated oxidative stress was pointed out as a factor
for the depletion of GSH in rats.25,29 MTX inhibits the ac-
tivity of malic enzymes and causes a decrease in NADPH.
As a result, the activity of GR decreases, which is involved
in GSH metabolism and uses NADPH as a cofactor, thus re-
ducing the conversion of GSSG to GSH.30 In parallel with
this information, significantly decreased GSH levels were ob-
served in MTX-injected group, which means MTX may cause
a depletion in GSH reservoirs. SOD is an intracellular antioxi-
dant enzyme. It reduces superoxide anion to hydrogen peroxide
and protects tissues against reactive metabolites. It is a major
defense system against the toxic effects of oxygen radicals.31

In the present study, MTX injection elevated SOD activity in
heart tissues. The result may be a sign that the cell continues
to protect itself, since a single dose of MTX injection was not
sufficient to deplete the SOD enzyme and the cell may tolerate
the dose. CAT and GST enzymes also have antioxidant prop-
erties in detoxifying hydrogen peroxide to water. According to
previous studies, MTX-induced toxicity decreases the level of
antioxidant enzymes in the tissues.32 MTX injection to the rats
caused a significant decrease in CAT activity and a slight de-
crease in GST activity in heart tissue which may be the result
of the depletion of these enzymes or loss of their activity by
MTX injection.

There have been several studies regarding the use of antiox-
idant supplementation to reduce MTX-induced toxicity and
its effect on MTX efficacy in diseases.33 LA is an effective
molecule that has a high antioxidant capacity. Both oxidized
and reduced forms of LA have antioxidant effects by eliminat-
ing and/or reducing reactive metabolites. The disulfide bond of

LA reacts with radicals, eliminates radicals that trigger LPO,
and then inhibits the initiation and progression of LPO in-
duced by hydrogen peroxide radicals.34 It has been shown in
many studies that LA fights oxidative stress by scavenging free
radicals.8,9,34 In addition to its role in scavenging and eliminat-
ing the metabolites of ROM, LA also aids in the formation of
other cellular antioxidants, such as vitamins C and E.35 Given
these features of LA, it is useful in reducing cellular MDA and
NO dose-dependently.

In the present study, LA administration reduced LPO and
NO levels significantly in the MT group, and slightly decreased
SA level. Besides, LA increased the level of GSH, which de-
creased with MTX administration. LA supports the insufficient
level of GSH as a result of excessive oxidant formation by re-
ducing cellular damage. Also, the LA administration decreased
SOD activity in the MT group. With the reduction of ROM
production, the superoxide anion may also have decreased in
the medium and the SOD activity may have reversed to the
control level. Although LA did not change CAT and GST ac-
tivities significantly, a slight increase was observed in these
parameters, which may be the effect of LA on supporting the
antioxidant defense system and reversing the damage in the cell
by changing the antioxidant levels.

CONCLUSION

LA has beneficial effects on the impaired oxidant/antioxidant
status and is effective in reducing oxidative stress during MTX
administration in the heart tissue of rats.

Ethics Committee Approval: The experimental procedures
were approved by the Marmara University Animal Care and
Use Committee (Protocol Number: 21.2023mar).
Peer Review: Externally peer-reviewed.
Author Contributions: Conception/Design of Study- S.O.;
Data Acquisition- S.O.; Data Analysis/Interpretation- S.O.,
S.C.; Drafting Manuscript- S.O.; Critical Revision of
Manuscript- S.O.; Final Approval and Accountability- S.O.,
S.C.
Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support.

ORCID IDs of the authors

Sehkar Oktay 0000-0002-2878-288X
Sukriye Caliskan 0000-0002-7576-4967

REFERENCES
1. Friedman B, Cronstein B. Methotrexate mechanism in treatment

of rheumatoid arthritis. Jt Bone Spine. 2019;86(3):301-307.

309

https://orcid.org/0000-0002-2878-288X
https://orcid.org/0000-0002-7576-4967


European Journal of Biology

2. Sentürk N. Metotreksat. Turkderm. 2016;50(1):18-21.
3. Ahmed ZSO, Hussein S, Ghandour RA, Azouz AA., El-

Sakhawy MA. Evaluation of the effect of methotrexate on
the hippocampus, cerebellum, liver, and kidneys of adult male
albino rat: Histopathological, immunohistochemical and bio-
chemical studies. Acta Histochem. 2021; 123(2):151682. doi:
10.1016/j.acthis.2021.151682

4. Yuksel Y, Yuksel R, Yagmurca M, et al. Effects of quercetin on
methotrexate-induced nephrotoxicity in rats. Hum Exp Toxicol.
2017;36(1):51–61.

5. Pisoschi AM, Pop A, Iordache F, Stanca L, Predoi G, Serban
AI. Oxidative stress mitigation by antioxidants-an overview on
their chemistry and influences on health status. Eur J Med Chem.
2021;209:112891. doi: 10.1016/j.ejmech.2020.112891

6. Puig L. Methotrexate: New therapeutic approaches. Actas
Dermosifiliogr. 2014;105(6):583-589.

7. Zwolak I. Protective effects of dietary antioxidants against
vanadium-induced toxicity: A review. Oxid Med Cell Longev.
2020;1-14. doi:10.1155/2020/1490316

8. Billgren ES, Cicchillo RM, Nesbitt NM, Booker SJ. Lipoic acid
biosynthesis and enzymology. Chem Biol. 2010;7:181-212.

9. Fayez AM, Zakaria S, Moustafa D. Alpha lipoic acid exerts an-
tioxidant effect via Nrf2/HO-1 pathway activation and suppresses
hepatic stellate cells activation induced by methotrexate in rats.
Biomed Pharmacother. 2018;105:428-433.

10. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol Chem.
1951;193:265-275.

11. Yagi K. Assay for blood plasma or serum. Methods Enzymol.
1984;105:328-337.

12. Miranda K, Espey MG, Wink DA. A rapid, simple spectropho-
tometric method for simultaneous detection of nitrate and nitrite.
Nitric Oxide. 2001;5:62–71.

13. Warren L. The thiobarbituric acid assay of sialic acids. J Biol
Chem. 1959;234:1971-1975.

14. Beutler E. Gluthatione: Red cell metabolism. A manual
bio¬chemical methods. New York: Grune and Stratton; 1975.

15. Aebi H. Catalase in vitro. In: Methods of enzymatic analysis
Bergmeye HU, editor. Wenheim: Verlag Chemie; 1974.

16. Mylorie AA, Collins H, Umbles C, Kyle J. Erythrocyte SOD
activity and other parameters of copper status in rats ingesting
lead acetate. Toxicol Appl Pharmacol. 1986; 82:512-520.

17. Habig WH, Jacoby WB. Assays for differentation of glutathi¬one-
s-transferases. Methods Enzymol. 1981; 77:398-405.

18. Saibeni S, Bollani S, Losco A, et al. The use of methotrexate for
treatment of inflammatory bowel disease in clinical practice. Dig
Liver Dis. 2012;44(2):123-127.

19. Deo M, Yung A, Hill S, Rademaker M. Methotrexate for treatment
of atopic dermatitis in children and adolescents. Int J Dermatol.
2014;53(8):1037-1041.

20. 20. Shen S, Yap LM, Prince HM, McCormack CJ. The use
of methotrexate in dermatology: A review. Aust J Dermatol.
2012;53(1):1-18.

21. Mahmoud AM, Hozayen WG, Ramadan SM. Berberine amelio-
rates methotrexate-induced liver injury by activating Nrf2/HO-1
pathway and PPAR𝛾, and suppressing oxidative stress and apop-
tosis in rats. Biomed Pharmacother. 2017; 94: 280-291.

22. Malayeri A, Badparva R, Mombeini MA, Khorsandi L, Goudarzi
M. Naringenin: A potential natural remedy against methotrexate-
induced hepatotoxicity in rats. Drug Chem Toxicol. 2020;28:1-8.

23. Mehrzadi S, Safa M, Kamrava SK, Darabi R, Hayat P, Mote-
valian M. Protective mechanisms of melatonin against hydrogen-
peroxide-induced toxicity in human bone-marrow-derived mes-
enchymal stem cells. Can J Physiol Pharmacol. 2017;95:773-
786.

24. Uzar E, Koyuncuoglu HR, Uz E, et al. The activities of antiox-
idant enzymes and the level of malondialdehyde in cerebellum
of rats subjected to methotrexate: protective effect of caffeic acid
phenethyl ester. Mol Cell Biochem. 2006;291:63-68.

25. Kalantar M, Kalantari H, Goudarzi M, et al. Crocin ameliorates
methotrexate-induced liver injury via inhibition of oxidative stress
and inflammation in rats. Pharmacol Rep. 2019;71(4):746-752.

26. Khatab LA, Abdel-Raheem IT, Ghoneim AI. Protective effects
of melatonin and L-carnitine against methotrexate-induced tox-
icity in isolated rat hepatocytes. Naunyn-Schmiedebergs Arch
Pharmacol. 2022;395:87-97.

27. Owumi SE, Ajĳola Ĳ, Agbeti OM. Hepatorenal protective effects
of protocatechuic acid in rats administered with anticancer drug
methotrexate. Hum Exp Toxicol. 2019;38(11):1254-1265.

28. Rajappa M, Shanmugam R, Munisamy M, et al. Effect of antip-
soriatic therapy on oxidative stress index and sialic acid levels in
patients with psoriasis. Int J Dermatol. 2016;55(8):422-430.

29. Vardi N, Parlakpinar H, Cetin A, Erdogan A, Cetin Ozturk I.
Protective effect of 𝛽 carotene on methotrexate–induced oxidative
liver damage. Toxicol Pathol. 2010;38:592-597.

30. El-Sheikh AA, Morsy MA, Abdalla AM, Hamouda AH, Al-
haider IA. Mechanisms of thymoquinone hepatorenal protec-
tion in methotrexate-induced toxicity in rats. Mediators Inflamm.
2015; 859383. doi:10.1155/2015/859383

31. Deluao JC, Winstanley Y, Robker RL, Pacella-Ince L, Gonzalez
MB, McPherson NO. oxidative stress and reproductive function:
Reactive oxygen species in the mammalian pre-implantation em-
bryo. Reprod. 2022;164(6):95-108.

32. Quirós Y, Blanco-Gozalo V, Sanchez-Gallego JI, et al.
Cardiotrophin-1 therapy prevents gentamicin-induced nephrotox-
icity in rats. Pharmacol Res. 2016;107:137-146.

33. Dhanesha M, Singh K, Bhori M, Marar T. Impact of antioxi-
dant supplementation on toxicity of methotrexate: An in vitro
study on erythrocytes using vitamin E. Asian J Pharm Clin Res.
2015;8(3):339-343.

34. Selvakumar E, Prahalathan C, Mythili Y, Varalakshmi
P.Beneficial effects of DL-𝛼-lipoic acid on cyclophosphamide-
induced oxidative stress in mitochondrial fractions of rat testis.
Chem Biol Interact. 2005;152(1):59-66.

35. Armagan I, Bayram D, Candan IA, et al. Effects of pentoxifylline
and alpha lipoic acid on methotrexate-induced damage in liver
and kidney of rats. Environ Toxicol Pharmacol. 2015;39(3):1122-
1131.

How cite this article
Oktay S, Caliskan S. Potential Therapeutic Effect of
Lipoic Acid on Methotrexate-Induced Oxidative Stress
in Rat Heart. Eur J Biol 2023; 82(2): 306–310.
DOI:10.26650/EurJBiol.2023.1306497

310


