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Abstract: Methotrexate (MTX) is a trusted anticancer agent; however, its multi-organ toxicity limits its clinical application, 
including nephrotoxicity. Punicalagin (PUN) is an ellagitannin found in the fruit peel of Punicagranatum with anti-inflammatory and 
antioxidant properties. The present study aimed to investigate the renoprotective effects of PUN in a well-established rat model 
of MTX-induced nephrotoxicity. Rats were divided randomly into four groups (six animals per group) as follows: the first group 
(control) was a normal control group. The second group (PUN) received PUN (30 mg kg

- 1 day
- 1) daily through oral gavage for 

10 consecutive days. The third group (MTX) a single i.p. injection of MTX (20 mg/kg) on day 7. The fourth group (PUN + MTX) 
received PUN (30 mg kg

- 1 day
- 1) via oral gavage for 10 consecutive days and a single i.p. injection of MTX (20 mg/kg) on day 7.  

MTX-induced nephrotoxicity was associated with increased creatinine and urea in the serum. MTX also resulted in increased 
oxidative stress as evidenced by elevated malondialdehyde and protein carbonyl levels along with decreased glutathione content 
and superoxide dismutase and catalase activities in the kidney. Moreover, renal tissues were characterized by increased 
proinflammatory cytokines, cytochrome c and caspases-3, indicating increased inflammation and apoptosis in the kidney. PUN 
pretreatment prevented kidney injury, oxidative stress, inflammation and apoptosis, and enhanced antioxidant defenses in the 
kidney.  Collectively, these findings indicate that PUN may represent a novel renoprotective strategy against MTX-induced 
oxidative stress, inflammation and apoptosis in the kidney, which deserves further exploration in future studies. 
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1. INTRODUCTION 
 
Methotrexate (MTX), an alkylating agent, is used for the 
treatment of an array of malignancies; however, its clinical 
application is limited due to its clinical side effects, including 
nephrotoxicity.1,2 MTX-induced renal dysfunction is believed 
to be mediated by the precipitation of MTX and its 
metabolites, [7-hydroxy-methotrexate (7-OH-MTX)] and 
[2,4-diamino-N10-methylpteroic acid] (DAMPA) in the renal 
tubules, leading to the loss of tubular cells by necrosis and 
apoptosis and consequent infiltration of inflammatory cells.1,3 
The mechanism of MTX nephrotoxicity is poorly 
understood; however, many studies have been conducted to 
understand this mechanism. These studies showed that MTX 
nephrotoxicity might be caused by the elevation of reactive 
oxygen species (ROS), inflammation, mitochondrial 
dysfunction, caspase activation and DNA damage, which 
ultimately lead to renal dysfunction.4-9It is well-known that 
oxidative stress and inflammation play key roles in the 
activation of apoptotic signaling pathways in the kidney, 
which include the mitochondrial-dependent caspase 
pathway.10 Therefore, mitigating oxidative stress and 
inflammation may protect against MTX-induced 
nephrotoxicity. Indeed, extensive evidence shows that 
natural plant products may offer new perspectives for novel 
therapies aimed to preventing MTX-induced 
nephrotoxicity.5,11,12Punicalagin (PUN) is the most abundant 
ellagitannin found in pomegranate which has a wide range of 
biological activities.13,14 In multiple preclinical disease models, 
PUN has been shown to have  strong antioxidant, anti-
inflammatory and anti-apoptotic effects.13,15,16 PUN was 
shown to prevent endotoxemic acute kidney injury in rats by 
reducing inflammation and counteracting oxidative/nitrative 
stress and apoptosis.17 In addition, PUN prevents high 
glucose-induced cellular stress and neural tube defects 
through inhibition of lipid peroxidation and protein 
nitration.16 PUN was also found to protect against myocardial 
ischemia-reperfusion-induced myocardial injury in rats by 
restoring antioxidant defenses and mitigating lipid 
peroxidation. Another study showed that PUN has been 
proven to attenuate streptozotocin (STZ)-induced cardiac 
injury in rats by increasing the redox state and Bcl-2 
expression and suppressing caspases and p53.15 Importantly, 
PUN was proven to be harmless and well-tolerated without 
adverse biological effects in rats.18Several pharmacological 
actions of PUN have been investigated; however, to the best 
of our knowledge, none is known about its protective effects 
against MTX-induced nephrotoxicity. As a result, our study 
was conducted to evaluate the protective effect of PUN 
against MTX nephrotoxicity in rats. Our findings may have a 
novel mechanistic insight into the protective effects of PUN 
in nephrotoxicity and a promising tool for the prevention of 
multi-organ toxicity of MTX chemotherapy. 
 
2. MATERIALS AND METHODS 
 
2.1 Animals and experimental design  
 
Male albino Wistar rats, weighing 200–220 g, were used in 
this experiment. All animals were acclimatized for one week 
before experimentation.  Rats were housed in an air-
conditioned atmosphere at standard temperature (23 ± 2 
°C) on a 12 h light/dark cycle. They received a standard diet 
and water ad libitum. All the animal protocols conformed to 
the guidelines of the National Institutes of Health (NIH 

publication No. 85-23, revised 2011) and were approved by the 
local authorities (G-115-2020). Rats were randomly allocated 
into four groups (six animals per group) as follows: the first 
group (control) was a normal control group. The second group 
(PUN) received PUN (30 mg kg−1 day−1) daily through oral 
gavage for 10 consecutive days. The third group (MTX) a single 
i.p. injection of MTX (20 mg/kg) on day 7 5. The fourth group 
(PUN + MTX) received PUN (30 mg kg−1 day−1) via oral gavage 
for 10 consecutive days and a single i.p. injection of MTX (20 
mg/kg) on day 7. The dose of PUN (Santa Cruz Biotechnology, 
Texas, USA) was determined based on previous studies 
demonstrating the antioxidant and anti-inflammatory actions of 
PUN in vivo.19,20 PUN was dissolved in 1% Tween 80 and MTX 
was dissolved in saline. On the 11th day, all rats were 
anesthetized and sacrificed and blood and kidney samples were 
collected for further investigations. Serum was prepared by 
centrifugation of the blood and was used to measure creatinine 
and urea. The kidneys were cleaned in cold phosphate buffered 
saline (PBS). Kidney samples were homogenized (10% w/v) in 
cold PBS, and centrifuged. The resulting clear homogenate was 
used for evaluation of different biochemical parameters. 
 
2.2 Biochemical assays 
 
Urea and creatinine levels in serum were determined 
following the reagent kits instructions provided by Spinreact 
(Girona, Spain). Kidney homogenate was used to assess 
malondialdehyde (MDA), protein carbonyl and antioxidants. 
The MDA levels were assessed by coupling MDA with 
thiobarbituric acid as previously described by Ohkawa et al.21 
Protein carbonyl contents were estimated as described by 
Levine et al.22 The superoxide dismutase (SOD)23 and 
catalase (CAT)24 activities and reduced glutathione (GSH) 25 
contents were determined in renal tissues. Levels of 
interleukin-1beta (IL-1β), tumor necrosis factor alpha (TNF-
α) and IL-6 levels in the kidney were measured using ELISA 
kits obtained from R&D Systems (MN, USA). Cytochrome c 
and caspase-9 levels in the kidney were determined using 
ELISA kits obtained from MyBioSource (CA, USA) and 
Cusabio (Wuhan, China), respectively. All assays were 
performed according to the manufacturer’s instructions. 
 
3 STATISTICAL ANALYSIS 
 
The results significance was determined by one-way ANOVA 
followed by Tukey's post-hoc test using GraphPad Prism 7 
software (San Diego, CA, USA). All results are presented as 
the mean ± standard error of the mean (SEM) and a P value 
<0.05 was considered significant. 
 
4 RESULTS 
 
4.1 PUN attenuates serum creatinine and urea levels 

in MTX-induced rats 
 
For assessment of the effect of PUN on MTX-induced renal 
dysfunction, serum urea and creatinine levels in serum were 
determined. There was a significant increase in the measured 
serum creatinine and urea levels in MTX-treated rats 
compared to the control group (Figure1A and B). In contrast, 
pre-treatment with PUN decreased the serum creatinine and 
urea levels compared to those in MTX-treated rats and 
prevented MTX-induced kidney dysfunction, with no effect 
on the kidney of normal animals (Figure 1A and B). 
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Results are represented as Mean ± SEM, n=6. *P< 0.05 versus control group. # P< 0.05 versus MTX group. 
 

Fig 1: The effect of pretreatment of MTX-intoxicated rats with PUN on (A) creatinine and (B) urea levels in 
serum. 

 
4.2 PUN prevents MTX-induced increased renal 

oxidative stress and enhances antioxidant 
defenses 

 
Because MTX nephrotoxicity is known to be associated with 
increased oxidative stress, this study further evaluated the 
oxidative stress markers and antioxidants in the kidney. 

Kidneys of MTX-intoxicated rats showed a significant 
increase in MDA (Figure 2A) and protein carbonyl (Figure 
2B), along with decreased GSH contents and SOD and CAT 
activities (Graph 3A-C). All these changes were significantly 
attenuated when MTX-intoxicated rats were pretreated with 
PUN. PUN alone had no effect on the above-measured 
variables.

 

 
 

Results are represented as Mean ± SEM, n=6. * P < 0.05 versus control group. # P < 0.05 versus MTX group. 
 

Fig 2: The effect of pretreatment of MTX-intoxicated rats with PUN on levels of (A) MDA and (B) protein 
carbonyl in the kidney. 

 

 
Results are represented as Mean ± SEM, n=6. * P < 0.05 versus control group. # P < 0.05 versus MTX group. 

 
Fig 3: The effect of pretreatment of MTX-intoxicated rats with PUN on (A) GSH content and (B) SOD and 

(C) CAT activities in the kidney.
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4.3 PUN pretreatment attenuates MTX-induced renal 
inflammation 

 
The effect of PUN on inflammation was investigated by 
determining pro-inflammatory cytokine levels in the kidney. 
The inflammatory response following MTX administration 

was shown by the elevated TNF-α, IL-1β and IL-6 levels in 
renal tissues (Figure 4A-C). Remarkably, PUN attenuated 
MTX-induced increase levels of the assayed inflammatory 
mediators. All of the measured proinflammatory cytokines 
were not affected in PUN-treated rats (30 mg/kg).

 

 
 

Results are represented as Mean ± SEM, n=6. * P < 0.05 versus control group. # P < 0.05 versus MTX group. 
 

Fig 4: The effect of pretreatment of MTX-intoxicated rats with PUN on (A) IL-1β (B) IL-6 and (C) TNF-α 
levels in rats kidney. 

 
4.4 PUN protects against MTX-induced renal 

apoptosis 
 
Increased oxidative and inflammation play a major role in 
apoptosis induction. Therefore, we next evaluated apoptosis 
markers in the kidney. MTX-induced apoptosis in rats was 

evidenced by increased cytochrome c and caspase-3 levels in 
the kidney (Figure 5A and B). Interestingly, pretreatment of 
MTX-injected rats with PUN significantly prevented 
apoptosis in the kidney by attenuating cytochrome c and 
caspase-3 levels. PUN alone had no effect on cytochrome c 
and caspase-3 levels in the kidney.

 

 
Results are represented as Mean ± SEM, n=6. * P < 0.05 versus control group. # P < 0.05 versus MTX group. 

 
Fig 5:  The effect of pretreatment of MTX-intoxicated rats with PUN on (A) cytochrome c and (B) caspase-

3 levels in the kidney.  
 

5 DISCUSSION  
 
MTX, a widely used chemotherapeutic agent, is well-known 
to produce significant oxidative damage in multiple organs, 
which restricts its clinical use.5,8,11,26 Therefore, there is an 
urgent need for the development of novel approaches to 
prevent MTX chemotherapy-induced organ injury. PUN is a 
bioactive ellagitannin constituent of pomegranate with strong 
antioxidant and anti-inflammatory effects in various 
preclinical disease models.13,16,17,19,20,27 In the present study, we 
showed that PUN exerts protective effects against MTX-
induced kidney injury by (i) attenuating oxidative stress, (ii) 
decreasing renal inflammation, (iii) preventing apoptosis. 

Consistent with several previous studies 7,11, MTX-induced 
nephrotoxicity was shown by increased serum levels of 
creatinine and urea. Creatinine is commonly measured as an 
index of glomerular function.28 Urea is a result of protein 
breakdown, and most of it is excreted through the kidney.29 
High levels of these kidney injury biomarkers indicate 
deleterious changes in the kidney.28,30 Herein, pre-treatment 
of MTX-intoxicated rats with PUN attenuated the circulating 
levels of creatinine and urea, indicating that PUN maintained 
normal structural and architectural integrity of the kidney. In 
accordance, PUN ameliorated endotoxemic acute kidney 
injury in rats.17 Likewise, PUN prevented renal dysfunction in 
a mouse model of diabetes.31One of the important molecular 
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mechanisms through which MTX injures the kidney is 
oxidative stress.5,8,11,26 It has been reported that MTX induces 
ROS production by inhibiting the remethylation of 
homocysteine32, depletion of cellular nicotinamide adenine 
dinucleotide phosphate (NADPH)33, and stimulation of 
neutrophils and associated increased superoxide-generating 
NADPH oxidase.34,35 In turn, ROS can cause cell injury 
through lipid peroxidation, protein oxidation, inactivation of 
antioxidant enzymes and DNA damage, culminating in   
dysfunctional cellular protective responses.36 Lipid 
peroxidation can interrupt the membrane fluidity and 
permeability and also inactivate the membrane-bound 
proteins, which eventually lead to destruction of the 
membrane.37 Moreover, oxidative modification of proteins 
may cause damage to the active sites of enzymes, including 
antioxidant enzymes, and disrupt the conformation of 
structural proteins, raising havoc throughout the cell. 
Therefore, maintenance of the cellular redox balance is 
considered an effective strategy to protect against MTX-
induced kidney injury. Herein, PUN supplementation 
effectively prevented MTX-induced renal lipid peroxidation 
and protein carbonylation and decreased the GSH level and 
SOD and CAT activities. In accordance with these 
observations, PUN attenuated oxidative stress and enhanced 
the antioxidant defenses in rodent models of endotoxemia-
induced acute kidney injury17, cyclophosphamide-induced 
hepatotoxicity 38 and STZ-induced cardiac injury.15 
Importantly, activation of Nrf2, a central regulator of an 
array of detoxifying and antioxidant defense gene 
expression39, may have a role in mediating the antioxidant 
action of PUN. In the same context, it has been reported 
that PUN inhibited lipopolysaccharide (LPS)-induced ROS 
and NO generation in RAW264.7 macrophages via activation 
of Nrf2/HO-1 in vitro.27 These results demonstrate that PUN 
can protect against MTX-induced kidney injury via 
attenuation of oxidative stress and restoration of antioxidant 
defenses. Inflammation is believed to be one of the main 
causes of MTX-induced nephrotoxicity. Indeed, excessive 
generation of ROS can activate important stress signaling and 
pro-inflammatory pathways in the kidney after MTX 
administration.4,6,7 In experimental renal disease, podocytes 
and mesangial cells activation has been reported  during 
glomerular injury, along with  tubular cells during the course 
of proteinuria or primary tubulointerstitial diseases, such as 
ischemia reperfusion, obstruction, and septic or toxic acute 
kidney injury.40- 44 Herein, MTX-intoxicated rats showed 
elevated levels of proinflammatory cytokines in the kidney. In 
fact, multiple lines of evidence indicate that inflammation and 
oxidative stress work in league to generate cellular damage 
and apoptosis.4,6,7 Consistent with several previous studies 
4,26,45,46, the kidneys of MTX-injected rats exhibited increased 
apoptosis, as evidenced by the elevated levels of cytochrome 
c and caspase-3. In fact, MTX-mediated apoptosis is believed  
to be induced by generation of an excessive amount of ROS, 
which in turn induces DNA damage, eventually culminating in 
the activation of the mitochondrial apoptotic pathway by 

increasing the expression of pro-apoptotic proteins and 
reducing the expression of  anti-apoptotic 
proteins.7,26,46Therefore, targeting oxidative stress and 
consequent proinflammatory signaling activation is 
therapeutically important for MTX nephrotoxicity. 
Interestingly, pretreatment of MTX-injected rats with PUN 
significantly reduced TNF-α, IL1β, IL-6, cytochrome c and 
caspase-3 levels in the kidney. In accordance, a previous 
report demonstrated the inhibitory effect of PUN on 
proinflammatory production in LPS-induced nephrotoxicity in 
rats.19 Recently, PUN has been reported to mitigate 
pyroptosis-related inflammatory factors IL-1β, NLRP3, 
GSDMD, and caspase-1 in kidney tissue of diabetic mice.31 In 
addition, PUN prevented apoptosis in the kidney by 
modulating of caspases 3, 8 and 9 activities and  theBax/Bcl2 
ratio in LPS-induced endotoxemic acute kidney injury.17 
Another study showed that PUN attenuated STZ-induced 
cardiac apoptosis in rats by increasing Bcl-2 and decreasing 
Bax, Caspase-3 and -9 levels.15 The anti-apoptotic potential of 
PUN could be attributed to its inhibitory effect against free 
radicals and pro-inflammatory cytokines overproduction. 
 
6 CONCLUSION 
 
In conclusion, these findings demonstrate some mechanistic 
insights into how PUN confers protection against MTX-
induced nephrotoxicity in rats. PUN prevents MTX-induced 
oxidative, inflammation and apoptosis and significantly 
improves GSH content and SOD and CAT activities in the 
kidney. Therefore, PUN may represent a promising approach 
for the prevention of nephrotoxicity caused by MTX 
treatment and perhaps other forms of MTX toxicity. 
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