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Abstract 

Background: Methotrexate (MTX) is a medication widely used in the treatment of various conditions, 

including cancer. One potential side effect of MTX is nephrotoxicity. The purpose of the present study 

was to evaluate the effects of betulinic acid (BA) on MTX-induced nephrotoxicity in mice through the 

TLR4/NF-κB signaling pathway.  

Methods: Four groups– control, BA 25 mg/kg, MTX 20 mg/kg, and BA+MTX- were considered for 

seven days to evaluate the effect of BA on MTX nephrotoxicity. Factors such as blood urea 

nitrogen (BUN), serum creatinine, antioxidant enzymes, oxidative stress markers, and pro-inflammatory 

cytokines were investigated. Toll-like receptor 4 (TLR4) and nuclear factor-kappa B (NF-κB) expression 

levels were measured using Western blot analysis. 

Results: BUN and creatinine serum levels were significantly reduced in the BA-treated group compared 

to the MTX group. Furthermore, BA administration inhibited the activation of the TLR4/NF-κB signaling 

pathway, resulting in reduced expression of TLR4 and NF-κB. This decreased the release of pro-

inflammatory cytokines linked to kidney inflammation, such as interleukin-1β and tumor necrosis factor-

alpha. Moreover, BA exhibited notable antioxidant properties by enhancing the activity of enzymes like 

catalase, superoxide dismutase, and glutathione peroxidase. This antioxidant effect was evident by 

decreasing the levels of oxidative stress markers, as measured by the lipid peroxidation assay, and 

increasing the total thiol level. 

Conclusion: These findings suggest that BA can ameliorate MTX-induced nephrotoxicity by reducing 

oxidative stress and enhancing the antioxidant defense system. It effectively reduces renal damage, 

inflammation, and oxidative stress. Our results demonstrate that BA's anti-inflammatory and antioxidant 

qualities could protect the kidneys from MTX's nephrotoxic effects. 
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Introduction 
The kidney plays a crucial role in maintaining 

electrolyte balance, blood pressure, 

metabolism, and eliminating toxins from the 

body (1). Drug- induced nephrotoxicity is a  

 
 

prevalent problem, accounting for around 60% 

of instances of acute kidney injury. Reactive 

oxygen species overproduction and oxidative 

stress frequently result in inflammation in the 
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renal tubules and glomerulus, which can lead 

to nephrotoxicity (2). 

Methotrexate (MTX), a folic acid 

antagonist, is frequently used as a cytotoxic 

drug to treat inflammatory disorders, including 

psoriasis and rheumatoid arthritis, as well as 

different cancers like leukemia (3, 4). MTX 

metabolites are excreted through the kidneys 

and deposited in the renal tubules, causing 

nephrotoxicity, and high levels of creatinine 

and BUN lead to kidney failure (5, 6). Kidney 

injury caused by MTX is associated with 

disturbance of the antioxidant defense system, 

elevated oxidative stress, and elevated levels 

of proinflammatory cytokines, which can lead 

to cell death (7). 

A critical component of the innate immune 

response is toll-like receptor 4 (TLR4), which 

is also essential for starting inflammatory 

signaling pathways. Nuclear factor-kappa B 

(NF-κB), a transcription factor that controls 

the expression of proinflammatory cytokines 

and chemokines, is activated in response to 

TLR4 activation (8). Various inflammatory 

diseases have been linked to the 

pathophysiology of the TLR4/NF-κB 

signaling pathway (9).NF-κB belongs to the 

group of transcription factors known as 

pleiotropic factors, and it is crucial for 

controlling the expression of genes related to 

different cell processes, such as inflammation. 

Activation of NF-κB is thought to identify 

acute inflammatory events. Tumor necrosis 

factor-α (TNF-α) and IL-1β are two examples 

of NF-κB-dependent proinflammatory 

cytokines that are expressed when TLR4 is 

activated (10). Renal tubular atrophy and 

tubular epithelial cell necrosis are brought on 

by these cytokines. Activation of TLR4 also 

initiates transcription of NF-κB, which 

suppresses genes related to inflammation, 

increases genes related to anti-inflammatory 

response, and causes leukocyte death (8, 10). 

Betulinic acid (BA) is a naturally occurring 

pentacyclic triterpenoid found in various plant 

species. It has been reported to possess 

numerous pharmacological activities, 

including anti-inflammatory, antioxidant, and 

anticancer properties (11). BA has several 

previously described biological activities, such 

as diuretic, antimicrobial, antiviral, 

antidiabetic, antiparasitic, 

immunomodulatory, and anticancer activities 

(11, 12). While numerous medications have 

been investigated to mitigate the adverse 

effects of MTX, none have demonstrated 

significant efficacy in clinical trials. Therefore, 

finding a potential protective treatment against 

MTX-induced nephrotoxicity has become an 

important research topic. This study aims to 

evaluate the effect of BA on MTX-induced 

nephrotoxicity in mice and investigate its 

potential mechanism involving the TLR4/NF-

κB signaling pathway. 
 

Materials and Methods  
Chemicals 

Betulinic acid, Bradford reagent, and DTNB 

were purchased from Sigma–Aldrich Company 

(USA). MTX was obtained from Nanoalvand 

Pharmaceuticals (Tehran, Iran).  

 

Animals and experimental design 

Male NMRI mice (23–27 g), four weeks of age, 

were acquired from the research center and 

experimental animal house of Ahvaz (Ahvaz, 

Iran) and were housed in standard conditions 

(25°C ± 1 and a 12-h light/dark cycle). Mice 

were given ad libitum food and water. The 

study protocol was performed following the 

Ethical Committee Acts of the Ahvaz 

Jundishapur University of Medical Science 

(Ethics number: 

IR.AJUMS.ABHC.REC.1402.073). 

Four groups (n=6) were created for the mice 

as follows: 

control (IP saline, vehicle), BA (IP dose 25 

mg/kg/day), MTX (single dose IP, 20 mg/kg on 

day 4), and four MTX-treated groups (single 

dose IP, 20 mg/kg) and BA (IP daily dose 25 

mg/kg). The experiment was conducted for 7 

days. The dose and route of administration of 

MTX and BA to mice were selected according 

to previously reported studies (13, 14). 

After the seventh day, blood samples from 

the mice were taken and centrifuged for 15 

minutes at 5,000 × g to extract sera. The kidneys 

of the mice were removed after they were put to 
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death. For staining, a longitudinal slice of one 

kidney from each mouse was fixed in 10% 

formalin. The remaining kidneys were 

homogenized in 10% w/v phosphate buffer 

(10% w/v), 0.01 M, pH 7.4. Following a 15-

minute centrifugation at 4,000 × g, the kidney 

homogenate supernatant was stored at -80°C 

until it was required for protein expression and 

renal tissue biochemical analyses. The amount 

of protein in the renal homogeneous tissue 

supernatant was measured using Bradford's 

method (15) to determine the concentration of 

protein in the supernatant of the kidney 

homogeneous tissue. 

 

Biochemical analysis 

Parameters for renal function, such as creatinine 

and BUN were measured in serum using a 

commercial kit (Pars Azmoun, Iran) by 

colorimetric method and according to the 

manufacturer's protocols using an autoanalyzer.  

 

Total thiol assay 

The total thiol (TT) level was measured based 

on Ellman’s reaction and reagent (DTNB). The 

supernatant was added to Ellman's reagent (0.01 

M) and incubated at room temperature for 20 

minutes. The absorbance of the yellowish 

complex was read at 412 nm in a microplate 

reader (16). 

 

Lipid peroxidation assay (TBARS) 

The supernatant was added to a 30% 

trichloroacetic acid (TCA) solution in 

phosphate buffer and centrifuged at 3500 g for 

15 minutes, then the supernatant was 

transferred to microtubes. A hot water bath was 

used to incubate it after adding TBA. 532 nm 

wavelength was used to measure the absorption 

of pink color (17, 18). 

 

Measurement of antioxidant enzyme activity 

We used the Shangari and O'Brien methods to 

determine the enzymatic activity of CAT (19). 

H2O2 was added to the supernatants and 

incubated at room temperature. Ammonium 

molybdate solution was added to the samples 

and after 10 minutes, a microplate reader was 

used to determine the absorbance at 410 nm.  

The ZellBio colorimetric assay kits were used 

to measure the activity of GPx and SOD 

enzymes according to the manufacturer’s 

protocols. 

Nitric oxide (NO) was measured using its 

stable metabolites, nitrite, and nitrate, by a 

colorimetric method based on the Griess 

method. The basis of this reaction is the 

formation of color from the diazotization of a 

sulfonamide with the help of nitrite in an acidic 

environment and then its conjugation with an 

aromatic amine such as N-1-[naphthyl] 

ethylene di amine Then, the absorption of the 

colored complex was read at 540 nm using 

spectrophotometry. The results are shown in 

nmol/g of tissue (20). 

 

Measurement of TNF-α and IL-1β level 

TNF-α and IL-1β levels were measured using 

the BT LAB ELISA assay kit. Absorbance was 

recorded at 450 nm by a microplate reader. 

 

Expression of TLR4 and NF-κB proteins 

The kidney tissue sample is lysed with RIPA 

buffer and protease inhibitor and then 

centrifuged at 12000 rpm for 20 minutes. After 

determining the protein concentration of each 

lysate by BCA (Bicinchoninic acid), 25 µg of 

sodium dodecylsulfate/polyacrylamide gel 

electrophoresis (SDS-PAGE) proteins are 

separated and transferred to polyvinylidene 

difluoride membranes. Immunoblotted 

blocked overnight at 4°C with primary 

antibodies. The next day, they were incubated 

with secondary antibodies. Then, the obtained 

protein bands were analyzed using ImageJ 

software (Version 1.51). GAPDH enzyme was 

used as a control. 

 

Histological studies 

For 24 hours, the right kidneys were fixed in a 

10% formalin solution. Kidney tissue was 

dehydrated and then embedded in paraffin. 

After that, sections of four to five micrometers 

were made, stained with hematoxylin and eosin 

(H&E), and looked at under a light microscope 

(Olympus, BX43 with a DP26camera). Six 

microscopic slides for each animal were 

examined in one Magnification ×400 to assess 
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histological changes, including Tubular 

degeneration, infiltration of inflammatory cells, 

and vascular congestion. The following grading 

system was used to determine the severity of the 

injuries: 0 (normal), 1 (mild), 2 (moderate), or 3 

(severe). For every slide, the average of six 

fields was determined. 

 

Statistical analysis 

GraphPad Prism software, version 9.0.0 for 

Windows (San Diego, CA, United States) was 

used to analyze and present the data as mean ± 

SD. Tukey's post hoc analysis test was used for 

multiple comparisons after a one-way analysis 

of variance (ANOVA) was used for statistical 

analysis. If p was less than 0.05, the results were 

deemed significant. 

 

Results 
Effect of BA on kidney function in MTX-

induced toxicity 

MTX-group mice showed significantly higher 

serum indicators of kidney injury (creatinine 

and BUN), than the control group. When BA 

(25 mg/kg) was pretreated with MTX, BUN, 

and creatinine levels  

were considerably lower than in mice that 

received MTX (Fig. 1). 
 

 
Fig. 1. Effects of betulinic acid (BA) on serum markers of kidney function in nephrotoxicity MTX-induced in mice. (A) 

BUN, and (B) Creatinine. All values are expressed as mean ± SD of 6 animals/group. 

 (*P <0.05, **P<0.01, ***P <0.001). 

 

Effect of BA on oxidative stress parameters in 

MTX-induced toxicity 

A significant increase in the levels of TBARS 

and NO and a decrease in the levels of SOD, 

CAT, TT, and GPX were observed in MTX 

group mice compared to the control group. 

When betulinic acid was given in addition to 

MTX, the effect of MTX on TBARS and 

antioxidant markers was reversed compared to 

the MTX-group mice (Fig. 2). 

 

Effect of BA on pro-inflammatory cytokines in 

MTX-induced toxicity 

TNF-α and IL-1β were significantly increased 

in the group receiving MTX compared to the 

control group. Compared to the MTX group, 

BA-treated mice showed a significant decrease 

in these markers (Figure 3). 

 

Effect of BA on expression of TLR4 and NF-

κB proteins in MTX-induced toxicity 

Mice receiving MTX showed a statistically 

significant increase in TLR4 and NF-κB protein 

the expression compared to the control group 

(Figure 4A and B). Figure 4C shows how BA 

affected the expression of TLR4 and NF-κB 

proteins in the tissue of each experimental 

group. Significant suppression of TLR4 and 

NF-κB protein expression was seen in BA-

treated mice. 
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Fig. 2. Effects of betulinic acid (BA) on oxidative stress markers in nephrotoxicity MTX-induced in mice. (A) 

Thiobarbituric acid reactive substances (TBARS), (B) Total thiol, (C) Catalase (CAT), (D) Superoxide dismutase 

(SOD), (E) Nitric oxide (NO), and (F) Glutathione peroxidase (GPx). All values are expressed as mean ± SD of 6 

animals/group.  (*P <0.05, **P<0.01, ***P <0.001). 
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Fig. 3. Effects of betulinic acid (BA) on kidney levels of (A) Tumor necrosis factor-alpha (TNF-α), and (B) interleukin-1β (IL-

1β) in nephrotoxicity MTX-induced in mice. All values are expressed as mean ± SD of 6 animals/group. (***P <0.001).  

 

 
Fig. 4. Effects of betulinic acid (BA) on protein expression of Toll-like receptor 4 (TLR4) and nuclear factor kappa B 

(NF-κB) in nephrotoxicity MTX-induced in mice. (A) TLR4 protein level and (B) NF-κB protein level (C) Western blot 

analysis of kidney tissue in the studied groups. All values are expressed as mean ± SD. (***P <0.001).  

 

Effect of BA on kidney changes in MTX-

induced toxicity 

Kidney tissue in the control group and BA 

appears normal, as depicted in Fig. 5, with no 

pathological alterations noted. Tissue damage, 

including tubular degeneration, vascular  

 

congestion, and inflammatory cell infiltration, 

was visible in the MTX group. In mice 

receiving MTX, pretreatment with BA 

improved the aforementioned lesions above 

(Table 1). 
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Fig. 5. Effect of betulinic acid on kidney histopatological alterations in nephrotoxicity MTX-induced in mice. Red 

arrows: vascular congestion, black arrows: tubular degeneration, green arrows: inflammatory cells infiltration. (H & E 

staining, scale bar: 100 μm, and magnification ×400).  
 

Table 1. Effect of betulinic acid (BA) on the severity of lesions in nephrotoxicity MTX-induced in mice. 

Groups Tubular degeneration Inflammatory cells infiltration vascular congestion 

Control 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

BA 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 

MTX 2.7 ± 0.5*** 1.2 ± 0.4*** 0.2 ± 0.4 ## 

MTX+BA 1.3 ± 0.8  ## 0.00 ± 0.00 0.05 ± 0.02 # 

All values are expressed as mean ± SD.  *Compared to the control group (***P <0.001). # Compared to the MTX 

group (#P <0.05 and ###P <0.001). 

 

Discussion 
Although MTX is a potent immunosuppressive 

and anticancer drug, its clinical uses are 

limited by its severe adverse effects. Treatment 

with MTX may cause nephrotoxicity at both 

low and high dosages. High dosages of MTX 

injure the kidneys in two ways: they precipitate 

MTX in the kidney tubules, causing tubular 

injury, and lower the glomerular filtration rate 

(21). The nephrotoxicity caused by MTX is 

mediated by oxidative damage and 

inflammation (22). Despite the accumulated 

knowledge about MTX-induced 

nephrotoxicity, an effective drug therapy that 

prevents this sever complication is still not 

available. Hence, finding new therapeutic 

approaches to prevent and or treat MTX-

induced renal injury becomes more critical. 

Here, we investigated the protective effect of 

betulinic acid, a natural triterpenoid, against 

MTX-induced renal injury in mice. Our 

findings showed that betulinic acid effectively 

prevented renal oxidative damage and 

inflammation in MTX-treated rats, possibly 

through increasing antioxidant enzymes and 

decreasing TLR4/NF-B signaling pathways. 
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Creatinine and BUN, two indicators of renal 

function, are frequently utilized, as indices of 

glomerular function and are crucial in the 

diagnosis of renal damage and evaluation of 

kidney function (23). A rise in these indicators 

in the serum indicates a decrease in kidney 

function (24).  According to the current 

investigation, a significant increase in BUN 

and creatinine was observed in the group MTX 

as noted by Elsawy et al. (2). In the group 

MTX+BA, the level of BUN and creatinine 

decreased significantly compared to the group 

treated with MTX. Furthermore, the 

pathological alterations in the renal tissue of 

the MTX group verified the kidney injury 

caused by MTX. On the other hand, prior 

administration of BA decreased renal 

abnormalities associated with MTX, such as 

tubular degeneration, inflammatory cell 

infiltration, and vascular congestion. These 

findings are under the study of Ahangarpour et 

al., regarding the protective effects of BA 

against diabetic nephropathy (25). 

 
MTX-treated mice showed severe oxidative 

stress as evidenced by a substantial decrease in 

the activities of SOD, CAT, and GPx, as well 

as the renal non enzymatic antioxidant TT, as 

previously reported (26). 

One of the primary mechanisms through 

which methotrexate acts and causes tissue 

damage is oxidative stress. Excessive 

generation of free radicals caused by MTX can 

reduce SOD and CAT activities and total thiol 

(27). Decreased antioxidant capacity increases 

reactive oxygen species levels and prevents 

renal protection against MTX toxicity (28). 

Hence, a decrease in antioxidant activity along 

with an increase in ROS causes the oxidation 

of amino acid side chains, the creation of 

protein cross-linking, DNA damage, 

mitochondrial dysfunction, cell damage, and 

kidney dysfunction, which ultimately leads to 

cell death (28, 29). 

Thiobarbituric acid-reactive substances 

(TBARS) are products of free radical-induced 

lipid peroxidation in the human body (30). 

According to earlier research, MTX exposure 

enhances lipid peroxidation (2). It has been 

shown that NO has a role in the pathogenesis 

of several illnesses, inclusive of nephrotoxicity 

(28, 31). In this study, indices of lipid 

peroxidation and NO demonstrated a 

substantial rise in mice treated with MTX. 

It has been proven that the oxidative stress 

caused by methotrexate causes pro-

inflammatory cytokines to be produced in the 

kidney  (7). The pro-inflammatory cytokine 

TNF-α plays a vital role in initiating and 

regulating the cytokine cascade. It also 

intensifies tissue damage caused by 

neutrophils on endothelial cells (32). The 

current study's findings demonstrated that 

MTX-treated mice's kidney tissue had 

significantly higher levels of TNF-α and IL-1B 

and that this increase could be prevented by 

pretreating with BA. 

TLRs is important components of the 

immune response to pathogens, with TLR4 

being a critical regulator of the inflammatory 

response (33).  Like other chemotherapy drugs, 

MTX may induce systemic inflammation by 

activating TLR4, which stimulates NF-κB and 

increases the synthesis of inflammatory 

mediators, including IL-1β (34). Betulinic 

Acid treatment suppressed the expression of 

TLR4 and NF-κB and consequently reduced 

the production of proinflammatory cytokines. 

In addition to playing a role in inflammation 

and immunological responses, the 

transcription factor NF-kB regulates the 

expression of several genes related to cell 

survival, proliferation, and differentiation (35). 

Our research's conclusions demonstrated that 

BA-treated mice significantly suppressed 

MTX-induced increase in NF-κB protein 

expression. This effect of BA has also been 

found in previous research, which is consistent 

with our findings (36). 

 

Conclusion 
Finally, it can be concluded that betulinic acid 

may protect against MTX-induced 

nephrotoxicity by reducing oxidative stress 

through the enhanced activity of anti-oxidative 

enzymes (Fig. 6). Consequently, in patients 

receiving high dosages of MTX, BA may be a 

valuable treatment for kidney protection. 
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Fig. 6. Graphical abstract represents the effects of betulinic acid on methotrexate-induced renal toxicity in mice 

 

Acknowledgments  
This study was conducted through the financial 

support of the Toxicology Research Center of 

AJUMS, Ahvaz, Iran. Parts of the graphical 

abstract were drawn by using pictures from 

Servier Medical Art. The authors thank Avin 

StemGene BioHealth Inc. for technical support 

in performing Western blotting.  

 

Funding 
This work was supported by the Jundishapur 

University of Medical Sciences, Ahvaz, 

Iran (Grant No: TRC- 0232). 

 

Ethical approval 
This study was approved and accomplished 

based on the Animal Ethics Committee 

Guidelines of AJUMS (Ethics number: 

IR.AJUMS.ABHC.REC.1402.073). 

 

Declaration of Competing Interest 
The authors have no competing interest. 
 

References  
1. Ranasinghe R, Mathai M, Zulli A. 

Cytoprotective remedies for ameliorating 

nephrotoxicity induced by renal oxidative stress. 

Life Sciences. 2023; 318:121466. 

2. Elsawy H, Alzahrani AM, Alfwuaires M, 

Abdel-Moneim AM, Khalil MJB, 

Pharmacotherapy. Nephroprotective effect of 

naringin in methotrexate induced renal toxicity 

in male rats. 2021; 143:112180. 

3. Valerio V, Kwok M, Loewen H, Winkler J, 

Mody GM, Scuccimarri R, et al. Systematic 

review of recommendations on the use of  

 

methotrexate in rheumatoid arthritis. Clinical 

rheumatology. 2021;40(4):1259-71. 

4. Esmaili MA, Kazemi A, Zaker F, Faranoush 

M, Rezvany MR. Effects of Reduced Mir-24 

Expression on Plasma Methotrexate Levels, 

Therapy-Related Toxicities,and Patient 

Outcomes in Pediatric Acute Lymphoblastic 

Leukemia. J Reports of Biochemistry and 

Molecular Biology. 2020;8(4):358-65. 

5. Morsy MA, Ibrahim SA, Amin EF, Kamel 

MY, Rifaai RA, Hassan MKJAiP, et al. 



Matin M et al. 

    Rep. Biochem. Mol. Biol, Vol.14, No.2, Jul 2025 280 

Curcumin ameliorates methotrexate-induced 

nephrotoxicity in rats. 2013;2013. 

6. Lee JS, Oh JS, Kim YG, Lee CK, Yoo B, 

Hong S. Methotrexate-related toxicity in 

patients with rheumatoid arthritis and renal 

dysfunction. Rheumatology international. 

2020;40(5):765-70. 

7. Abd El-Twab SM, Hussein OE, Hozayen 

WG, Bin-Jumah M, Mahmoud AM. Chicoric 

acid prevents methotrexate-induced kidney 

injury by suppressing NF-κB/NLRP3 

inflammasome activation and up-regulating 

Nrf2/ARE/HO-1 signaling. Inflammation 

research: official journal of the European 

Histamine Research Society [et al]. 

2019;68(6):511-23. 

8. Bai J, Zhao J, Cui D, Wang F, Song Y, Cheng 

L, et al. Protective effect of hydroxysafflor 

yellow A against acute kidney injury via the 

TLR4/NF-κB signaling pathway. 

2018;8(1):9173. 

9. Liu T, Zhang L, Joo D, Sun SC. NF-κB 

signaling in inflammation. Signal transduction 

and targeted therapy. 2017; 2:17023-. 

10. Frantz S, Ertl G, Bauersachs JJNcpCm. 

Mechanisms of disease: Toll-like receptors in 

cardiovascular disease. 2007;4(8):444-54. 

11. Oliveira-Costa JF, Meira CS, Neves 

MVGd, Dos Reis BPZC, Soares MBPJFip. Anti-

inflammatory activities of betulinic acid: a 

review. 2022; 13:883857. 

12. Fulda S. Betulinic Acid for cancer treatment 

and prevention. International journal of 

molecular sciences. 2008;9(6):1096-107. 

13. Oriakhi K, Uadia PO, Shaheen F, Jahan H, 

Ibeji CU, Iqbal CM. Isolation, characterization, 

and hepatoprotective properties of betulinic acid 

and ricinine from Tetracarpidium conophorum 

seeds (Euphorbiaceae). Journal of food 

biochemistry. 2021;45(3): e13288. 

14. Sahindokuyucu-Kocasari F, Akyol Y, 

Ozmen O, Erdemli-Kose SB, Garli S. Apigenin 

alleviates methotrexate-induced liver and kidney 

injury in mice. Human & experimental 

toxicology. 2021;40(10):1721-31. 

15. Bradford MMJAb. A rapid and sensitive 

method for the quantitation of microgram 

quantities of protein utilizing the principle of 

protein-dye binding. 1976;72(1-2):248-54. 

16. Ellman GL. Tissue sulfhydryl groups. 

Archives of biochemistry and biophysics. 

1959;82(1):70-7. 

17. Uchiyama M, Mihara M. Determination of 

malonaldehyde precursor in tissues by 

thiobarbituric acid test. Analytical biochemistry. 

1978;86(1):271-8. 

18. Zeinalian Boroujeni Z, Khorsandi L, 

Zeidooni L, Badiee MS, Khodayar MJ. 

Protocatechuic Acid Protects Mice Against Non-

Alcoholic Fatty Liver Disease by Attenuating 

Oxidative Stress and Improving Lipid Profile %J 

Reports of Biochemistry and Molecular Biology. 

2024;13(2):218-30. 

19. Shangari N, O'Brien PJ. Catalase activity 

assays. Current protocols in toxicology. 2006; 

Chapter 7: Unit 7..1-15. 

20. Giustarini D, Rossi R, Milzani A, Dalle‐

Donne I. Nitrite and Nitrate Measurement by 

Griess Reagent in Human Plasma: Evaluation of 

Interferences and Standardization.  Methods in 

Enzymology. 440: Academic Press; 2008. p. 

361-80. 

21. Tian H, Cronstein BNJBNHJD. 

Understanding the mechanisms of action of 

methotrexate. 2007;65(3):168-73. 

22. Aladaileh SH, Hussein OE, Abukhalil MH, 

Saghir SAM, Bin-Jumah M, Alfwuaires MA, et 

al. Formononetin Upregulates Nrf2/HO-1 

Signaling and Prevents Oxidative Stress, 

Inflammation, and Kidney Injury in 

Methotrexate-Induced Rats. Antioxidants 

(Basel, Switzerland). 2019;8(10). 

23. Gowda S, Desai PB, Kulkarni SS, Hull VV, 

Math AA, Vernekar SN. Markers of renal 

function tests. North American journal of 

medical sciences. 2010;2(4):170-3. 

24. Türk E, Güvenç M, Cellat M, Uyar A, Kuzu 

M, Ağgül AG, et al. Zingerone protects liver and 

kidney tissues by preventing oxidative stress, 

inflammation, and apoptosis in methotrexate-

treated rats. 2022;45(3):1054-65. 

25. Ahangarpour A, Oroojan AA, Khorsandi L, 

Shabani R, Mojaddami S. Preventive effects of 

betulinic acid on streptozotocinnicotinamide 

induced diabetic nephropathy in male mouse. 

Journal of nephropathology. 2016;5(4):128-33. 

26. Abd El-Twab SM, Hussein OE, Hozayen 

WG, Bin-Jumah M, Mahmoud AMJIR. Chicoric 



Alleviation Methotrexate Nephrotoxicity by Betulinic Acid 

       Rep. Biochem. Mol. Biol, Vol.14, No. 2, Jul 2025  281 

acid prevents methotrexate-induced kidney 

injury by suppressing NF-κB/NLRP3 

inflammasome activation and up-regulating 

Nrf2/ARE/HO-1 signaling. 2019; 68:511-23. 

27. Mahmoud AM, Germoush MO, Al-Anazi 

KM, Mahmoud AH, Farah MA, Allam AAJB, et 

al. Commiphora molmol protects against 

methotrexate-induced nephrotoxicity by up-

regulating Nrf2/ARE/HO-1 signaling. 2018; 

106:499-509. 

28. Jalili C, Ghanbari A, Roshankhah S, 

Salahshoor MRJIbj. Toxic effects of 

methotrexate on rat kidney recovered by crocin 

as a consequence of antioxidant activity and lipid 

peroxidation prevention. 2020;24(1):39. 

29. Sales GTM, Foresto RD. Drug-induced 

nephrotoxicity. Revista da Associacao Medica 

Brasileira (1992). 2020;66Suppl 1(Suppl 

1):s82-s90. 

30. Chakraborty S, Singh OP, Dasgupta A, 

Mandal N, Das HN. Correlation between lipid 

peroxidation-induced TBARS level and disease 

severity in obsessive–compulsive disorder. 

Progress in Neuro-Psychopharmacology and 

Biological Psychiatry. 2009;33(2):363-6. 

31. Mahmoud AM, Hussein OE, Abd El-Twab 

SM, Hozayen WGJF, Function. Ferulic acid 

protects against methotrexate nephrotoxicity via 

activation of Nrf2/ARE/HO-1 signaling and 

PPARγ, and suppression of NF-κB/NLRP3 

inflammasome axis. 2019;10(8):4593-607. 

32. Wu Q, Wang X, Nepovimova E, Wang Y, 

Yang H, Kuca KJF, et al. Mechanism of 

cyclosporine A nephrotoxicity: Oxidative stress, 

autophagy, and signalings. 2018; 118:889-907. 

33. Wang X, Zhou J, Yang J, Wang S, Yang 

LJE, Medicine T. Role of TLR4/MyD88/NF-κB 

signaling in the contrast-induced injury of renal 

tubular epithelial cells. 2020;20(5):1-. 

34. Behranvand N, Nasri F, Zolfaghari 

Emameh R, Khani P, Hosseini A, Garssen J, et 

al. Chemotherapy: A double-edged sword in 

cancer treatment. 2022;71(3):507-26. 

35. Giuliani C, Bucci I, Napolitano G. The Role 

of the Transcription Factor Nuclear Factor-

kappa B in Thyroid Autoimmunity and Cancer. 

Frontiers in endocrinology. 2018; 9:471. 

36. Rabi T, Shukla S, Gupta S. Betulinic acid 

suppresses constitutive and TNFalpha-induced 

NF-kappaB activation and induces apoptosis in 

human prostate carcinoma PC-3 cells. Molecular 

carcinogenesis. 2008;47(12):964-73. 

 


