
 

 

 

© 2024 Dina Kutbi. This open-access article is distributed under a Creative Commons Attribution (CC-BY)  

4.0 license. 

OnLine Journal of Biological Sciences 

 

 

 

Original Research Paper 

Evaluation of the Renoprotective Effects of Valsartan in 

Methotrexate-Induced Acute Kidney Injury in Rats 

 

Dina Kutbi 

 
Department of Pharmacy, King Fahad Armed Forces Hospital, Jeddah, Saudi Arabia 

Department of Pharmacology, Faculty of Medicine, King Abdulaziz University, Jeddah, Saudi Arabia 

 
Article history 

Received: 22-01-2024 

Revised: 23-03-2024 

Accepted: 01-04-2024 

 

Email: dina.t.kutbi@gmail.com 

Abstract: Methotrexate (MTX) is a widely used chemotherapeutic agent 

known for its nephrotoxic effects, which can lead to acute kidney injury in 

hospitalized patients. However, the mechanism by which MTX induces 

nephrotoxicity is not entirely clear, but it is believed to involve oxidative 

stress and direct toxic effects on renal tubules. Valsartan, an angiotensin II 

receptor blocker, has been shown to exert renoprotective effects in various 

contexts, including diabetic nephropathy. In this study, the renoprotective 

potential of Valsartan to mitigate MTX-induced acute kidney in rats was 

explored. A total of twenty-four Wistar rats were randomly assigned to three 

groups. The Control Group (GRP 1) was administered an oral dose of 1 ml/kg 

of normal saline. The second group (GRP 2) received a single Intraperitoneal 

(IP) dose of 20 mg/kg MTX for a duration of 5 consecutive days. The third 

Group (GRP 3) was subjected to a single IP dose of 20 mg/kg MTX followed 

by an oral dose of 30 mg/kg Valsartan (Val) over the same 5-day period. At 

the end of the experiment, the levels of serum biochemical parameters, renal 

damage markers, and inflammatory and oxidative stress markers were 

accessed. Additionally, the impact of MTX on kidney tissue histology was 

investigated. The results indicate that MTX administration in rats led to a 

significant increase in serum biochemical parameters, renal damage markers, 

inflammatory markers, and oxidative stress markers, as well as changes in 

kidney histology. However, the administration of Val following MTX 

treatment to rats attenuated these effects. Conclusions: Val shows 

therapeutic potential in the treatment of MTX-induced kidney injury and 

its associated consequences. 

 

Keywords: Acute Kidney Injury, Acute Renal Damage, Methotrexate, 
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Introduction 

Acute Kidney Injury (AKI) is a prevalent clinical 

condition characterized by the abrupt reduction or loss of 

kidney function. AKI not only leads to significant illness 

and death but also elevates the likelihood of developing 

chronic kidney disease. The classic criteria for diagnosing 

and staging AKI involve evaluating serum creatinine 

levels and urine output rates (Turgut et al., 2023). AKI 

can arise from conditions like dehydration, sepsis, and 

low cardiac output, as well as renal artery obstructions and 

glomerulonephritis. Additionally, factors like acute 

tubular necrosis, interstitial nephritis, and postrenal 

obstructions in the urinary tract can also lead to AKI 

(Duga, 2016). In the United States, 1% of all hospital 

admissions involve acute kidney injury upon admission. 

Additionally, the incidence rate of AKI during 

hospitalization varies between 2 and 5%, with up to 67% 

of patients admitted to the intensive care unit developing 

AKI (Winther-Jensen et al., 2018; Kirkley et al., 2019). 

Methotrexate (MTX), which is an analog of and 
counteracts the effects of folic acid, finds common use in 

treating a wide spectrum of both cancerous and non-
cancerous ailments (Chan and Cronstein, 2013). 
Originally formulated as an anticancer drug, MTX now 
serves as the primary choice among disease-modifying 
anti-rheumatic drugs for conditions like rheumatoid 
arthritis, juvenile idiopathic arthritis, and psoriasis. 
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Additionally, it demonstrates its utility in the management 
of inflammatory bowel diseases, multiple sclerosis, 
vasculitis, systemic lupus erythematosus, and other 
connective tissue diseases and for transplant patients, 

courtesy of its valuable anti-inflammatory and 
immunomodulatory properties (Chan and Cronstein, 
2010; Bedoui et al., 2019). The use of high-dose 
methotrexate MTX carries the risk of acute kidney injury, 
which can result in delayed removal of MTX from the 
body. Extended exposure to elevated MTX levels poses 

serious dangers like severe mucositis, hematopoietic 
suppression, and even potential mortality. Addressing 
high-dose MTX-related renal issues and delayed MTX 
elimination is a medical emergency. Various 
interventions have been utilized to manage this critical 
complication, including high-dose leucovorin, 

glucarpidase, and thymidine (Flombaum et al., 2018). 
However, these drugs, for example, glucarpidase, costs a 
lot, has a short half-life and it is not readily available 
(Domingo-González et al., 2021). 

Valsartan is an angiotensin II receptor blocker widely 

used to treat hypertension. Its mechanism of action 

involves inhibiting angiotensin II, a hormone that 

constricts blood vessels and raises blood pressure 

(Ecder, 2014). This results in the dilation of glomerular 

artery blood vessels, lowering glomerular pressure and 

reducing protein filtration, thus inhibiting proteinuria 

(Jacobsen et al., 2003). Valsartan may decrease renal 

vasoconstriction and inflammation by blocking the AT1 

receptor, resulting in a decrease in kidney damage 

(Siragy et al., 2000). Additionally, Val downregulates 

endothelin and cytokines, curbing inflammation and 

glomerular cell proliferation, promoting extracellular 

matrix degradation, and suppressing collagen synthesis, 

which collectively delay glomerular sclerosis and 

maintain renal function (Jacobsen et al., 2003). Notably, 

it has been found to reduce the incidence of 

microalbuminuria without causing renal dysfunction in 

individuals with glucose intolerance. In diabetic mouse 

models, Val has shown potential in alleviating renal 

podocyte damage and reducing profibrotic growth 

factors, proinflammatory cytokines, lipid accumulation, 

and glomerulosclerosis (Currie et al., 2017). 

Earlier studies suggest that Val effectively 

decelerates the progression of renal function decline in 

patients with advanced chronic kidney disease and 

hypertension (Sun et al., 2021). Yet, little is known about 

the renoprotective ability of Val in MTX-induced kidney 

injury. In this study, Valsartan's kidney-protective 

potential in a rat model of methotrexate-induced acute 

kidney injury was explored, with the aim of expanding our 

understanding of its renoprotective effects during acute 

kidney injury and its possible mechanism. 

Materials and Methods 

Drugs and chemical: Methotrexate (50 mg/2mL) 

injections were purchased from Hospira Pharmaceutical 

Co., Illinois, United States with a Lot number 

(G024412AB). Valsartan 80 mg strength tablets were 

purchased from Novartis Pharmaceutical, Basel, 

Switzerland with a Lot number (BTX09). 

Animals: Twenty-four male Wistar rats weighing 

between 170 and 190 g were bought from the animal house 

at the King Abdulaziz University's faculty of pharmacy in 

Jeddah, Saudi Arabia. All animals were given a week to 

acclimatize at a temperature of 22°C, a relative humidity 

range of 35-75%, and a 12-h light/dark cycle.  

Experimental design: Rats were randomly placed into 

three groups with n = 8 in each group. GRP 1 was the 

control group and received 1 mL/kg of normal saline. GRP 

2 was given an Intraperitoneal (IP) injection of MTX at a 

dose of 20 mg/kg. GRP 3 was given an IP of 20 mg/kg of 

MTX and a 30 mg/kg oral dose of Val. All animal 

treatments lasted for five days. Finally, the animals were 

euthanized after being sedated with isoflurane. Following 

that, blood was taken through the retro-orbital plexus and 

kidneys were retrieved, cleaned with PBS, and weighed. 

The left kidneys were frozen at -80°C and used for tissue 

oxidative stress parameters, whereas the right kidneys 

were maintained in 10% buffered formalin for histology. 

All animal experiments were carried out in accordance 

with the declaration of Helsinki and were approved by the 

ethics committee of the faculty of pharmacy, King 

Abdulaziz University, Jeddah, Saudi Arabia, with the 

reference number (PH-1442-75). 

Determination of biochemical parameters: After 

centrifugation at 3000 rpm for 10 min at 4°C, serum 

samples were recovered from whole blood. An ELISA kit 

(MyBioSource, California, USA) was used to measure 

serum urea, creatinine, albumin, serum Lactate 

Dehydrogenase (LDH), Interleukin-6 (IL-6), Tumor 

Necrosis Factor-alpha (TNF-α), Neutrophil Gelatinase-

Associated Lipocalin (NGAL) and kidney injury molecule-

1 (KIM-1), according to the manufacturer’s guide. 

Measurement of kidney tissue levels of superoxide 

dismutase, glutathione, and lipid peroxidation in tissue 

homogenate: 10% of kidney homogenate was made by 

weighing 100 mg of frozen kidney tissue in an Eppendorf 

tube and mixed with 1 mL of 100 mm phosphate buffer 

(pH 7.4) containing 1mm EDTA and spun at 14,000 rpm 

for 15 min at 4°C. The amounts of Superoxide Dismutase 

(SOD), Glutathione (GSH), and Malondialdehyde (MDA) 

were tested in the supernatant using a commercial kit 

(MyBioSource, California, USA). 

Quantification of GFR: The glomerular filtration rates 

of the experiment animals’ kidneys were estimated 

according to the formulas below. 

When serum creatinine <52 μmol/mL (0.588 mg/d): 
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1. GFR (mL/min) = 880× body weight (g) 0.695× 

creatinine concentration (μmol/mL)-0.660× urea 

concentration (mmol/mL)-0.391 

2. When serum creatinine ≥52 μmol/mL (0.588 mg/dL) 

3. GFR (mL/min) = 5862× body weight (g) 0.695× 

creatinine concentration (μmol/mL)-1.15× urea 

(mmol/mL)-0.391 

 

Histopathology: Following a 10% neutral-buffered 

formalin fixation, the kidney tissues were dehydrated in 

graded alcohol, cleared in xylene, and embedded in 

paraffin for 12 h. Following the sectioning of the paraffin 

blocks at a thickness of 5 µm, the slides were heated for 

an hour at 60°C. Then the slides were deparaffinized in 

xylene and then rehydrated in graded alcohol before being 

washed in distilled water for 2 min. Slides were then 

stained with a solution of hematoxylin and eosin and 

finally, images were captured using a light microscope. 

Statistical analysis: GraphPad prism V6.0 software 

(GraphPad Software, San Diego, CA) was used for the 

graphs. Statistical analysis was done using one-way 

ANOVA and Sidak's multiple comparisons. A significant 

difference is defined as p<0.05. 

Results 

Effects of MTX and Val on serum biochemical parameters: 
Rats administered with MTX recorded an elevated level in the 
serum levels of urea, creatinine, uric acid, and urea in 
comparison to the untreated control animals in GRP 1. 

However, rats treated with 30 mg/kg body weight of Val 
following MTX administration revealed a significant decrease 
in the serum biochemical parameter tested when compared 
to the MTX-only administered rats (Fig. 1, Table S1). 
 
 (a)                  (b) 

  
 
 (c) (d) 
 
Fig. 1: Effects of MTX and Val on serum biochemical 

parameters. Serum urea; (a) Serum creatinine; (b) Serum 

uric acid; (c) Serum albumin; (d). Results are presented 

as mean ± SEM, (n = 8). Data was analyzed by one-way 

ANOVA followed by Sidak's multiple comparisons. 

****p<0.0001 compared with the MTX group 

(a)                                    (b)                                      (c) 

 
 

 

Fig. 2: Effects of MTX and Val on renal damage markers. Serum 

LDH; (a) Serum NGAL; (b) Serum ICAM-1; (c) Serum 

VCAM-1 (d), Serum KIM-1; (e) GFR; (f). Results are 

presented as mean ± SEM, (n = 8). Data was analyzed by 

one-way ANOVA followed by Sidak's multiple 

comparisons. ****p<0.0001 compared with the MTX group 

 
Table S1: Effects of MTX and Val on serum biochemical parameters 

Parameter/group Control MTX MTX + Val  

Serum urea level (mg/dL) 14.860±0.6070  51.750±2.730* 14.970±0.823# 

Serum creatinine level (mg/dL) 0.604±0.0520 1.594±0.095* 0.643±0.090# 

Serum uric acid level (mg/dL) 5.063±0.2370 8.875±0.283* 5.014±0.395# 

Serum albumin level (g/dL) 4.135±0.1680 7.850±0.231* 4.410±0.241# 

Values are presented as mean ± SEM (n = 8). *p˂0.05, vs control; #p˂0.05, vs MTX 

 
Table S2: Effects of MTX and Val on renal damage markers 

Parameter/group Control MTX MTX + Val  

Serum LDH (U/L) 148.500±7.141 384.600±26.77*  170.900±8.601#  

Serum NGAL (ng/L) 29.640±1.930 89.130±4.418*  31.100±2.454# 

Serum ICAM-1 (ng/mL) 2.655±0.121 16.970±0.810* 2.923±0.294# 

Serum VCAM-1 (ng/mL) 13.850±0.720 53.610±1.859* 13.240±0.671# 

Serum KIM1 (µg/L) 1.296±0.162 5.438±0.613*  1.237±0.236#  

GFR (mls/min) 80.700±4.416 16.100±0.676* 75.710±2.723# 

Values are presented as mean ± SEM (n = 8). *p˂0.05, vs control; 

#p˂0.05, vs MTX 
 

Effects of MTX and Val on renal damage markers: 

Animals in the GRP 2 treated with MTX showed a 

significant increase in the levels of serum LDH, serum 

NGAL, serum ICAM-1, serum VCAM-1, serum KIM-1 

and the Glomerular Filtration Rate (GFR) when compared 

to the untreated rats in the control group, GRP 1. 

Interestingly, the treatment of animals in GRP 3 with Val 

after being administered with MTX ameliorated the 

MTX-induced increase in the kidney injury markers when 

compared to the MTX-only treated rats (Fig. 2, Table S2). 

Effects of MTX and Val on Serum Inflammatory 

Markers: The intraperitoneal administration of MTX to 

rats significantly elevated and caused the release of 

inflammatory markers TNF-α and IL-6 in comparison to 

the untreated rats in the control group. However, rats 

treated with 30 mg/kg of Val, following the 

intraperitoneal administration of MTX showed a 

significant reduction in the inflammatory marker levels 

when compared to the MTX-only administered rats and 

this reduction was near normal (Fig. 3, Table S3). 
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Fig. 3: Effects of MTX and Val on serum inflammatory markers. 

Serum TNF-α; (a) Serum IL-6; (b) Results are presented 

as mean ± SEM, (n = 8). Data was analyzed by One-way 

ANOVA followed by Sidak's multiple comparisons. 

****p<0.0001 compared with the MTX group 
 

 
                   

(a)                               (b)                                          (c) 

 

Fig. 4: Effects of MTX and Val on oxidative stress markers. 

Renal superoxide dismutase level; (a) Renal glutathione 

level; (b) Renal lipid peroxidation levels, quantified as 

TBARS level; (c) Results are presented as mean ± SEM, 

(n = 8). Data was analyzed by one-way ANOVA 

followed by Sidak's multiple comparisons. 

****p<0.0001 compared with the MTX group 
 

 
(a)  (b) (c)  

 
Fig. 5: Effects of MTX and Val on kidney histology. H and E 

staining from the kidney section of animals in the control 

group, demonstrating normal histological structures of 

the kidneys, including renal corpuscles, glomerular 

capillaries and renal tubules; (a) H and E staining from 

the kidney section of animals administered with MTX 

only, demonstrating a marked aggregation of infiltrating 

unviable cells, smaller renal corpuscles and glomeruli 

and an enlarged tubular lumen; disorganization of renal 

parenchyma accompanied by malformation and atrophy 

of renal corpuscles; (b) H and E staining from the kidney 

section of animals administered with MTX and treated 

with Val, demonstrating an improvement in the renal 

structure of the rat kidney; (c) 

Table S3: Effects of MTX and Val on serum inflammatory markers. 

Parameter/Group Control MTX MTX + Val  

Serum TNF-α (pg/mL) 15.090±0.547 52.25±2.750* 17.290±0.810# 

Serum IL-6 (pg/mL) 5.575±0.322 18.35±0.794* 4.767±0.211# 

Values are presented as mean ± SEM (n = 8). *p˂0.05, vs control; 

#p˂0.05, vs MTX 
 
Table S4: Effects of MTX and Val on oxidative stress markers 

Parameter/Group Control MTX MTX + Val  

Renal Tissues SOD (U/mL) 170.60±2.9700 89.630±5.378* 175.30±4.363# 

Renal Tissues GSH (mg/mL) 16.98±1.0340 3.450±0.403* 18.16±0.516# 

Renal Tissues TBARS (mmol/mL) 15.69±0.8530 52.130±3.632* 14.46±0.698# 

Values are presented as mean ± SEM (n = 8). *p˂0.05, vs control; #p˂0.05, vs MTX 

 

Effects of MTX and Val on Oxidative Stress Markers: 

Then, we explored the anti-oxidative stress potentials of 

Val in MTX-induced kidney-injured rats. Figure 4, the 

administration of MTX to rats led to a significant decrease 

in the levels of renal superoxide dismutase and glutathione 

when compared to the untreated animals in GRP 1. In 

addition, MTX administration resulted in a significant 

increase in renal lipid peroxidation as revealed by the 

TBARS levels when compared to the untreated control rats 

in GRP 1. Thus, signifying a condition of oxidative stress. 

However, the treatment of rats with Val after the 

administration of MTX ameliorated the MTX-induced 

oxidative stress (Fig. 4, Table S4). 

Effects of MTX and Val on Kidney Histology: Finally, 

we examined the effects of MTX and Val on kidney 

histology. Figure 5, the histological sections from the H 

and E-stained kidneys of the untreated animals in GRP 1 

showed normal histology, with clearly visible renal 

tubules, capillaries, and glomerular capillaries (Fig. 5a). In 

contrast, the stained kidney of rats administered with 

MTX in GRP 2, showed a noticeable accumulation of 

invading, non-viable cells, a reduction in the size of the 

renal corpuscles, cell aggregation and tubular lumen 

dilation (Fig. 5b). However, rats administered with MTX 

and treated with 30 mg/kg Val in GRP 3 showed 

amelioration in the structural deformation to the kidney 

arising from MTX administration (Fig. 5c). 

Discussion 

The present study investigated the renoprotective 

potentials of valsartan against methotrexate-induced 

kidney injury in rats. MTX is a widely used 

chemotherapeutic agent known for its nephrotoxic effects, 

which can lead to acute kidney injury. The mechanism by 

which MTX induces nephrotoxicity is not entirely clear, 

but it is believed to involve oxidative stress and direct 

toxic effects on renal tubules (Devrim et al., 2005; Saka and 

Aouacheri, 2017). 

Valsartan, an angiotensin II receptor blocker, has been 

shown to exert renoprotective effects in various contexts, 

including diabetic nephropathy (Suzuki et al., 2002). In 

this study, the potential renoprotective effects of Val to 

mitigate MTX-induced AKI in a rat model were explored. 
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These results indicate that MTX administration in rats leads 

to a significant increase in serum biochemical parameters, 

renal damage markers, inflammatory markers, and oxidative 

stress markers, as well as changes in kidney histology. These 

findings are consistent with previous research indicating that 

MTX, particularly at high doses, results in renal toxicity 

(May et al., 2014; Hamed et al., 2022). 

MTX is primarily excreted by the kidneys, making 

nephrotoxicity a common adverse effect (El-Agawy et al., 

2022). In addition, MTX is known to influence cytokine 

production by T cells and macrophages, which could 

explain the elevation in inflammatory markers following 

MTX administration in rats (Fig. 3) and is consistent 

with a previous report (Chan and Cronstein, 2002; 

Bilginaylar et al., 2022). 

Interestingly, the administration of Val following MTX 

treatment appears to attenuate these effects. Val treatment 

resulted in a considerable drop in serum biochemical 

parameters, renal damage markers, and inflammatory 

markers and it also alleviated MTX-induced oxidative 

stress. This is in conformity with earlier reports suggesting 

that Val has renoprotective benefits (Suzuki et al., 2002), 

can lower inflammatory and oxidative stress markers 

(Kuboki et al., 2007), and possesses neuroprotective effects 

by inhibiting activation of pro-inflammatory cytokine and 

oxidative stress (Hadi et al., 2015). 

Lactate Dehydrogenase (LDH) is an enzyme that is 

involved in energy production exists in almost all cells in 
the body and has one of its highest levels in the kidneys. It 
is an inflammatory marker (Poggiali et al., 2020; Zhang and 
Shi, 2021). Our results demonstrated that the treatment 
of MTX caused an increase in the LDH level and agrees 
with the study conducted by Tunali-Akbay et al. who 

showed that Wistar rats who received a single dosage of 
MTX (20 mg/kg IP.) had greater levels of LDH than the 
untreated animals in the control group (Tunalı-Akbay et al., 
2010). In our study, the treatment of animals with Val 
significantly attenuated this increase in LDH levels (Fig. 2). 
To further explore the renoprotective potentials of Val, we 

examined its effects on the levels of several AKI biomarkers 
including kidney injury molecule-1 and neutrophil 
gelatinase-associated lipocalin.  

The Kidney Injury Molecule-1 (KIM-1) is a 

transmembrane glycoprotein. Recent studies on both mice 

and humans have shown that an increase in the serum 

KIM-1 level can serve as a biomarker of kidney injury 

(Sabbisetti et al., 2014). In this study, the serum KIM-1 

level increased in the MTX-tested group which is similar 

to what was observed by Younis et al. (Younis et al., 

2021). where the authors examined the effect of Geraniol 

on MTX-induced AKI in rats. The Kim-1's elevated 

concentration induced by MTX may function as a 

compensatory strategy, acting as an adhesion molecule to 

lessen epithelial loss (Arun, 2013). This increase in the 

KIM-1 level was significantly reversed with the 

administration of Val.  

The Neutrophil Gelatinase-Associated Lipocalin 

(NGAL) is a siderophore-binding protein that is part of the 

lipocalin protein family (Clerico et al., 2012; Itenov et al., 

2014). NGAL has been proven to be a strong biomarker 

for early AKI detection. An increased NGAL level usually 

occurs as early as 2 h after injury to the kidney (Hang et al., 

2017). In this study, MTX caused an increase in NGAL 

which agrees with a previous study (Fouad and Al-Melhim, 

2018) which examined the effects of the administration of 

vanillin to mitigate the adverse effects of cisplatin and 

MTX treatment on rat kidneys and also found an increase 

in NGAL level due to MTX treatment. The increase in the 

levels of NGAL is due to the MTX-induced inhibition of 

kidney reabsorption of NGAL in the renal tubule (Oh et al., 

2017). Furthermore, the elevated level of NGAL may 

function as a compensating mechanism, causing tissue re-

epithelization and a decrease in tubular cell apoptosis 

(Mohamed et al., 2017). Interestingly, in our study, the 

administration of Val decreased the increased NGAL values 

caused by MTX, suggesting that the drugs mediated this 

effect through the increase in kidney reabsorption of NGAL 

in the renal tubule. 

The GFR describes the rate of flow of filtered fluid 

through the kidneys. It is the measurement of filtered 

volume through the glomerular capillaries into the 

Bowman’s capsule per unit time. The amount of 

creatinine present in the blood serum and urine is mostly 

used to determine the GFR (Shahbaz and Gupta, 2023). A 

decrease in the GFR is a major definition of AKI. A 

decrease in GFR usually occurs as a result of an increase 

in the serum urea and creatinine level which was also 

noted in this study. The GFR diminished with the 

administration of MTX which was subsequently 

attenuated with the administration of Val. 

The limitation of this study is that the animals used 

were normal animals and not cancerous and as such, the 

anti-tumor effects of Val were not determined. 

Nevertheless, this does not affect the overall effects of Val 

on the MTX-administered rats. 

Conclusion 

The data presented in this study demonstrate that MTX 

administration can lead to kidney toxicity, inflammation, 

and oxidative stress, but these effects can be considerably 

prevented by subsequent treatment with Val. This 

underlines the potential therapeutic benefit of Val, a drug 

frequently used in the treatment of hypertension, in 

treating MTX-induced renal damage and associated 

consequences. As an angiotensin II receptor blocker, 

valsartan inhibits the angiotensin II type 1 receptor, which 

is implicated in inflammation, salt retention, and 

vasoconstriction. Vasoconstriction and inflammation in 

the kidneys caused by MTX may be prevented by 

valsartan by blocking the AT1 receptor, which would 
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reduce kidney damage. However, further study is needed 

to fully understand the mechanism behind these effects 

and to define the optimal dose and timing of Val 

administration following MTX treatment. 
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