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ABSTRACT 
The present study investigated the role of syringic acid (SA) in the renal protection mediated through the nitric oxide 
synthase (NOS) pathway in rodents treated with cisplatin (CP) with a single nephrotoxic dose of 5 mg/kg (i.p.) on 
the day the study commenced. The nephrotoxicity caused by a single dose of CP was assessed by measuring renal 
functional test (in serum and urine), oxidative stress parameters, and histopathological evaluation with hematoxylin 
and eosin stain in renal tissue on day 5, i.e., the last day of the study. The Administration of SA provides significant (p 
< 0.05) dose-mediated (50 and 100 mg/kg, p.o.) nephroprotection in CP-treated male Wistar rats. Pretreatment with 
NOS inhibitor, L-nitroarginine methyl ester (20 mg/kg, i.p.) in rats abolished the nephroprotective prospective of SA. 
SA-mediated activation of the NOS pathway has been hypothesized to contribute to renoprotection.

INTRODUCTION 

As per data available, drug-induced nephrotoxicity 
accounts for 19%–26% of cases in hospitalized patients but its 
occurrence rate drastically increases in patients undergoing 
chemotherapy, especially in case of cisplatin (CP) (Izzedine 
and Perazella, 2017). To treat the solid tumor, CP is one of the 
most successful chemotherapeutic agent, but nausea, vomiting, 
neurotoxicity, and ototoxicity hinder its use. Among all these side 
effects, nephrotoxicity is the major factor that must be considered 
before the use of CP. Nephrotoxicity affects nearly 28%–36% 
of the patients receiving therapeutic dose of CP (Alhoshani 
et al., 2017). Moreover, the chances of nephrotoxicity increase 
significantly along with patient age and co-morbidities (Liu et al., 
2018). The accumulation of CP is found to be five times more 
in kidney as compared to blood (Peres and da Cunha, 2013). 
Several studies indicates that CP accumulation in kidneys results 
in production of reactive oxygen species (ROS), inflammation, 

increases lipid peroxidation, and reduces the level of antioxidant, 
mitochondrial dysfunction along with deoxyribonucleic acid 
(DNA) adduct formation and free radicals mediated apoptotic 
pathways activation (Jilanchi et al., 2018; Manohar and Leung, 
2018; Sultana et al., 2012).

Natural antioxidants in recent years have created 
considerable interest as potential therapeutic agents in prevention 
of diseases progression. Natural compounds isolated from plant 
species were found to have anti-inflammatory, antioxidant, 
inhibition of lipid peroxidation, antimutagenic activity, and 
production of free radicals. Out of the natural compounds, 
phenolic acids which possess antioxidant and antiproliferative 
properties are considered as one of the potential groups of 
interest for pharmacological properties. Phenolic compounds 
are found in nuts, fruits, seeds, vegetables, and in all types of 
red wine and tea (Srinivasulu et al., 2018). Syringic acid (SA) 
is a natural active phenolic phytoconstituent 4-hydroxy-3, 5 
dimethoxy benzoic acid isolated from honey, Radix isatidis, olive, 
grape, pomegranate, green tea, Isatis indigotica, and mushroom 
(Sancaktutar et al., 2014). SA exhibits useful properties, such as 
anti-microbial, anti-inflammatory, antiproliferative, antioxidative, 
antitumor, antidiabetic, and hepatoprotective (Kumar et al., 2012; 
Ramachandran and Raja 2010). SA scavenging radicals reduce 
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production of malondialdehyde and ameliorate the pancreatitis 
induced by L-arginine in rats (Cikman et al., 2015).

 Previous studies established that that nitric oxide 
synthase (NOS)-mediated double-edge sword nitric oxide (NO) 
plays an imperative role in the pathobiology of nephrotoxicity 
induced via CP treatment by modulating the oxidative stress in 
renal tissues (Gharibi et al., 2017; Singh et al., 2019). 

One of three isoforms of NOS, i.e., inducible NOS 
(iNOS), is activated and enhances expression in renal tissues 
under degenerative and inflammatory conditions. The main 
physiological role of endothelial nitric oxide synthase (eNOS) is 
to control renal blood flow, glomerular filtration rate, and vascular 
tone in urinary system (Cherla and Jaimes, 2004). Furchgott and 
Zawadzki (1980) reported that NO is an endothelium-derived 
relaxing factor that controls the vascularity of renal smooth 
muscles and its proliferation and angiogenesis. NO prevents 
the accumulation of platelets by the repression of endothelium 
leucocyte adherence. Murohara et al. (1999) demonstrated that 
the inhibition of NOS by the L-NAME significantly prevents the 
proliferation and angiogenesis of endothelial cells.

On the basis of previous findings the present study was 
designed to explore the nephroprotective effect of SA in CP induced 
nephrotoxicity, as well as to investigate the mechanistic role of NO 
in SA-mediated attenuation of CP-induced nephrotoxicity in rats.

MATERIAL AND METHODS
The current study was approved by the Institutional 

Animal Ethical Committee under registration number: 1181/PO/
Ebi/08/Committee for the Purpose of Control And Supervision of 
Experiments on Animals (CPCSEA) and experimental protocol 
was approved by and carried out according to the instructions 
of the CPCSEA under the aegis of Ministry of Fisheries, Animal 
Husbandry and Dairying, Government of India,. In this study, we 
used inbred –male Wistar rats weighing 200–250 g. CP-induced 
nephrotoxicity is found to be a gender-related drug and variations 
in renal circulation in both genders may affect the outcomes of 
study. To overcome the possible variations, only male rats were 
included in present study (Nematbakhsh et al., 2013). The animals 
were kept in animal houses as per the standard procedure laid 
down by the CPCSEA. 

On the final day of the study, animals were euthanized 
under anesthesia and kidneys were removed, and urine and blood 
samples were taken away for testing various parameters. 

Drugs and experimental models
SA, CP, and other chemicals were obtained from Sigma-

Aldrich Chemical Co. L-nitroarginine methyl ester (L-NAME) 
was dissolved in 0.9% saline. Animals were divided into five 
groups and each group comprised six male rats. Nephrotoxicity 
was induced intraperitoneally by a single dose of CP (5 mg/kg i.p.) 
on the first day of the study. As per the previous literature and pilot 
study, we selected two dose levels of SA [50 and 100 mg/kg (p.o.)] 
to administer orally once a day in the morning for the remaining 
4 days (Kumar et al., 2012; Ramachandran and Raja 2010). Male 
Wistar rats were sacrificed on fifth day after collecting the blood 
samples the by cervical dislocation under effect of anesthesia. The 
serum creatinine, blood urea nitrogen (BUN), serum magnesium, 
and serum potassium levels were estimated in blood samples. 

The microprotein, sodium, and creatinine clearance were also 
determined from urine samples by placing the rats in metabolic 
cages individually. After animal scarification, a portion of kidney 
tissue was preserved after fixing with formalin for histopathological 
studies and a small part of kidney tissue was used for assessment 
of superoxide anion generation (SAG) (Singh et al., 2020). 

The remaining of kidney tissue was used for the 
estimation of myeloperoxidase (MPO) activity, thiobarbituric 
acid reactive substances (TBARS), reduced glutathione (GSH) 
as per the procedure described by Kapil et al. (2013), Sehajpal 
et al. (2014), Singh et al. (2020). ELISA method was used for the 
estimation of tumor necrosis factor-alpha (TNF-α), interleukin-1 
beta (IL-1β), and nuclear factor kappa B (NF-κB) levels (Singh  
et al., 2020) and eNOS in renal tissue as per the procedure 
described by Czambel et al. (2010) along with the instruction of 
the company manual.

Experimental protocol
The animals in the study were divided into five groups, 

with six male Wistar rats in each group.
Group 1 (vehicle control): Saline as vehicle (10 ml/kg, 

i.p.) for CP and SA was administered to the male Wistar rats once 
daily for 5 days. 

Group 2 (CP control): The nephrotoxicity was induced 
by the administration of a single nephrotoxic dose of CP of 5 mg/
kg, (i.p.) to all the Wistar rats except group I on day 1.

Group 3 & 4 [SA (50 and 100 mg/kg (p.o.)] + CP (5 mg/
kg, i.p.) Group]: SA (50 and 100 mg/kg/day, p.o.) was administered 
to male Wistar rats of the respective groups 3 and 4 for 4 days, and 
the rest of the procedure as per group 2.

Group 5 [SA (100 mg/kg, p.o.) + L-NAME (20 mg/kg 
i.p.)]: The L-NAME (20 mg/kg i.p.) was administered 30 minutes 
before treatment of 100 mg/kg/days, p.o. SA to Wistar rats for 
consequent 4 days, and the rest of the procedure as per Group 2.

Statistical analysis
Statistical analysis was carried out on data collected from 

various treatment groups with the help of software Sigmastat 4.0 
(Systat Software, San Jose, CA). One-way analysis of variance, 
followed by Tukey’s multiple range tests was used to obtain the 
definitive results as expressed in mean ± standard error of mean 
and p< 0.05 was considered to be statistically significant.

RESULTS AND DISCUSSION
CP is a drug of choice to treat solid tumors, but its 

duration and dose-related nephrotoxicity lemmatizes it uses as 
a chemotherapeutic agent. CP’s slow excretion rate and high 
accumulation in kidney as compared to blood is the main factor 
responsible for CP-induced deleterious effects on kidney (Peres 
and da Cunha, 2013). CP-sinduced nephrotoxicity is illustrated by 
a decrease in renal function which leads to increase in blood urea 
and serum creatinine levels (Farooqui et al., 2017).

In the current study, blood urea, serum creatinine 
levels, serum magnesium, and serum potassium were found to 
be significantly elevated, whereas the creatinine clearance rate 
was significantly reduced in the CP group as compared to vehicle 
group. Treatment with SA (50 and 100 mg/kg, p.o.) significantly 
increased the creatinine clearance rate, whereas elevated levels 
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of BUN, uric acid, serum magnesium, and serum potassium were 
found to be attenuated significantly (p < 0.05), Moreover, the effect 
was found to be dose-dependent. The pretreatment with L-NAME 
(20 mg/kg i.p.) extensively abolished the renoprotection produced 
by SA (100 mg/kg) (Table 1). CP significantly elevated the level of 
FeNa level in and microprotein urea level in urine as compared to 
vehicle control group, whereas the treatment with different dosages 
of SA (50 and 100 mg/kg p.o.) attenuated the elevated levels of 
FeNa and microprotein urea, and the administration of L-NAME (20 
mg/kg i.p.) abolished the protection provided by the highest dose 
of SA (100 mg/kg p.o.) (Table 1). The renoprotective effect of SA 
against CP nephrotoxicity in present study can be characterized by 
the restoration of altered renal function and renal histology.

CP-induced oxidative stress in renal tissue alters the 
structure and functioning of parenchymal cell that reduces the 
antioxidant mechanisms’ results in the production of inflammatory 
mediators, causes histopathological changes, dysfunction, and 
apoptosis of renal tissue, and leads to nephrotoxicity (Abdel 
Moneim et al., 2014). CP-induced nephrotoxicity was also 
associated with altered level of MPO, TBARS, SAG, and GSH 
levels. Previous studies indicated the nephrotoxic effect of CP-
mediated through activation of ROS and free radical formation 

that directly enhances the oxidative stress in renal tissue (Kuhad  
et al., 2007; Singh et al., 2020). Similarly, in the current study 
MPO, TBARS, and SAG levels were found to be elevated, whereas 
antioxidant enzymes levels (GSH) were found to be reduced as 
compared to vehicle control animals. Treatment with SA (50 and 
100 mg/kg, p.o.) significantly attenuated the elevated level of MPO, 
TBARS, SAG, and increased the level of GSH (Table 2), whereas 
the administration of L-NAME abolished the antioxidant activity 
of SA. Nicorandil exerted its nephroprotective, anti-inflammatory, 
and antioxidative effects on rats suffering from ureteral obstruction 
by improving the NO production and enhancing the expression of 
eNOS in renal tissue (Ozturk et al., 2017). 

In the current study, the SA (50 and 100 mg/kg, p.o.) 
administration significantly (p < 0.05) and dose-dependently 
diminishes lipid peroxidation, inflammation, and increases the 
GSH level in the renal tissue (Table 2). These outcomes are in 
accordance with earlier study, which demonstrated that SA can 
shield the kidney from acetaminophen-induced nephrotoxicity by 
improving the level of antioxidant elements (Ramachandran and 
Raja, 2010).

There are reports on those affirming that inflammation 
imparts a vital role in CP-induced renal damage and that anti-

Table 1. Effect of various pharmacological treatments on renal function parameters in rats (serum and urine).

Group 
Parameter Vehicle control CP control (5 mg/kg, i.p.) CP control (5 mg/kg, i.p.) 

+ SA (50 mg/kg, p.o.)
CP control (5 mg/kg, i.p.)  

+ SA (100 mg/kg, p.o.)

CP control (5 mg/kg, i.p.) 
+ SA (100 mg/kg, p.o.) + 
L-Name (20 mg/kg, i.p.)

Serum creatinine 
(mg/dl)

0.56 ± 0.060 2.78 ± 0.614 a 1.53 ± 0.218b 0.86 ± 0.126 b 2.48 ± 0.317c

CrCl (ml/min/Kg) 1.28 ± 0.045 0.33 ± 0.062 a 0.58 ± 0.048 b 0.93 ± 0.042 b 0.312 ± 0.035 c

Serum urea (mg/dL) 31.97 ± 5.206 109.95 ± 5.760 a 72.59 ± 5.74 b 54.26 ± 4.51b 98.12 ± 6.24 c

Serum potassium 
(mM/L)

8.38  ± 0.777 4.28 ± 0.361 a 5.72 ± 0.361 b 7.37 ± 0.612 b 3.82 ± 0.364 c

Serum magnesium 
(mEq/L)

3.6 ± 0.368 1.53 ± 0.165 a 1.97 ± 0.216 b 2.58 ± 0.303 b 1.48 ± 0.153c

BUN 22.2 ± 3.574 82.29 ± 11.375 a 54.15 ± 4.63b 32.91 ± 3.27 b 72.36 ± 5.42c

FeNa (%) 0.97 ± 0.129 6.35 ± 0.784 a 3.72 ± 0.385 b 1.87 ± 0.292 b 5.16 ± 0.521c

Microproteinuria 
(mg/day)

4.33 ± 0.307 8.81 ± 0.331 a 6.19 ± 0.396 b 5.22 ± 0.382b 8.35 ± 0.526c

Data are expressed as mean ± SEM (n = 6).
ap < 0.05 versus vehicle control group.
bp < 0.05 versus CP (5 mg/kg, i.p.).
cp < 0.05 versus CP (5 mg/kg, i.p.) + SA (100 mg/kg, p.o.).

Table 2. Effect of various pharmacological treatments on oxidative stress parameters in rats.

Group 
Parameter Vehicle control CP control (5 mg/

kg, i.p.)
CP control (5 mg/kg, i.p.) + 

SA (50 mg/kg, p.o.)

CP control (5 mg/kg, 
i.p.) + SA (100 mg/kg, 

p.o.)

CP control (5 mg/kg, i.p.) + SA 
(100 mg/kg, p.o.) + Name (20 

mg/kg, i.p.)

TBARS (µM/mg of 
Protein)

0.45 ± 0.052 1.55 ± 0.085a 0.98 ± 0.074b 0.62 ± 0.066b 1.46 ± 0.082c

GSH (mM/mg of 
protein)

16.2 ± 0.419 5.35 ± 0.84a 10.13 ± 0.6251b 15.91 ± 0.53b 5.13 ± 0.64c

MPO (U/g of Renal 
Tissue)

1.79 ± 0.520 6.91 ± 0.908a 4.02 ± 1.126b 2.16 ± 0.893b 6.39 ± 2.859c

 SAG (µM/mg of 
Protein)

21.4 ± 0.647 65.2 ± 1.398a 43.42 ± 3.627b 29.54 ± 3.41b 62.48 ± 4.958c

Data are expressed as mean ± SEM (n = 6).
ap < 0.05 versus vehicle control group.
bp < 0.05 versus CP (5 mg/kg, i.p.).
cp < 0.05 versus CP (5 mg/kg, i.p.) + SA (100 mg/kg, p.o.).
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inflammatory and antioxidant agents have been proven to reduce 
renal injuries (Kilic et al., 2017). In CP-treated animals, the levels 
of inflammatory chemokine and cytokines are elevated in renal 
tubular epithelium (Faubel et al., 2017). TNF-α and IL-1β among 
the other inflammatory cytokines plays a major role to initiate 
CP-induced inflammatory responses (Kuhad et al., 2007; Ramesh 
and Reeves, 2012; Singh and Singh, 2020). In inflamed renal 
parenchyma the IL-1β promotes the influx of circulating monocytes 
and TNF-α enhance the level of leucocytes by promoting the 
expression of adhesion molecules on renal endothelial cells 
(Kumar et al., 2012). Noori and Mahboob (2010) demonstrated 
that reduced eNOS and increased iNOS levels can enhance the 
peroxynitrite formation, neutrophilic mobility, inflammation, 
and tubular cell injury that leads to epithelial damage. Arab 
et al. (2018) also reported that ROS and proinflammatory 
cytokines are major triggers for apoptosis, inhibition of ROS, and 
proinflammatory cytokines by activating Akt/eNOS pathway can 
contribute to the abrogation of renal tubular apoptosis. Shahzad 
et al. (2019) reported that administration of SA was found to 
reduce the cytokine levels (i.e., TNF-α and IL-1β), a marker 
for leukocytes/macrophage infiltration. In present study, well-
established anti-inflammatory and antioxidative agent SA (50 
and 100 mg/kg, p.o.) significantly downregulated TNF-α and 
IL-1β levels in rats, thereby preventing inflammatory infiltration 
and apoptosis of renal tubules (Figs. 1 and 2). Xie et al. (1994), 
reported that NF-κB plays a critical role in induction of iNOS. 
Pyrrolidine dithiocarbamate an antioxidant and selective inhibitor 
of NF-κB, blocked NO release, and decreased the expression of 
iNOS messenger RNA in lipopolysaccharides-stimulated mouse 
macrophages. Zhang (2004) reported that NF-κB inhibitor 
reverses hyperhomocysteinemia-induced renal damage in rats and 
decreases the iNOS expression in the renal tissue.

In underline study NF-κB level was found to be 
significantly (p < 0.05) elevated in the CP group in comparison 
to vehicle control group indicating induction of inflammation. 
Administration of different dosages of SA (50 and 100 mg/kg, 
p.o.) significantly (p < 0.05) and dose-dependently attenuated 
the elevated NF-κB levels as compared to CP control group, 

whereas administration of L-NAME (20 mg/kg i.p.) abolished the 
protection provided by SA (100 mg/kg p.o.) (Fig. 3).

Hopkins et al. (2003) stated that increased NO 
production by elevated iNOS expression plays a significant role in 
lung inflammation. Singh et al. (2019) reported that NOS-induced 
production of NO plays a critical role in the estradiol-mediated 
renoprotection in acute kidney injury, while previous treatment 
with L-NAME diminished the anti-apoptotic and anti-necrotic 
effect of estradiol. Kumar et al. (2012) reported that SA protects 
the kidney from adverse effects and preserve its functional capacity 
in L-NAME-induced hypertensive rats. Our findings showed that 
CP treatment decreased the eNOS levels of renal tissues. The 
levels of renal tissue eNOS were significantly (p < 0.05) and dose-
dependently modulated by SA (50 and 100 mg/kg, p.o). This SA-
induced protection was abolished by pretreatment of L-NAME 
(20 mg/kg i.p.) (Fig. 4). It is already established that intracellular 
messenger NO reacts with ROS and plays a key role in several 
pathological conditions. The increase in tissue NO level by reacting 
with superoxide anions leads to production of lipid peroxidation, 

Figure 1. Effect of various treatments on level of TNF-α (pg/mg) in Renal Tissue.
Data are expressed as mean ± SEM. (n = 6)
ap < 0.05 Versus Vehicle control Group;
bp < 0.05 Versus Cisplatin (5 mg/kg, i.p.);
cp < 0.05 Versus Cisplatin (5 mg/kg, i.p.) + Syringic acid (100 mg/kg, p.o.).

Figure 2. Effect of various treatments on level of IL-1β (pg/g) in renal Tissue.
Data are expressed as mean ± SEM. (n = 6)
ap < 0.05 Versus Vehicle control Group;
bp < 0.05 Versus Cisplatin (5 mg/kg, i.p.);
cp < 0.05 Versus Cisplatin (5 mg/kg, i.p.) + Syringic acid (100 mg/kg, p.o.).

Figure 3. Effect of various treatments on level of NF-κB (ng/ml) in renal Tissue.
Data are expressed as mean ± SEM. (n = 6)
ap < 0.05 Versus Vehicle control Group;
bp < 0.05 Versus Cisplatin (5 mg/kg, i.p.);
cp < 0.05 Versus Cisplatin (5 mg/kg, i.p.) + Syringic acid (100 mg/kg, p.o.).
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damages the DNA, and causes cell death (Kandhare et al., 2012). 
On the basis of above studies, it may be determined that SA 
decreases the expression of iNOS in renal tissue by inhibiting the 
inflammatory mediators. Histopathological examination has shown 
that SA (50 and 100 mg/kg p.o.) treatment decreased the neutrophil 
infiltration in parenchymal tissue, decreases the glomerular atrophy, 
and restores the texture of in renal tissue, whereas previous treatment 
with L-NAME reduces the anti-oxidative and anti-necrotic effect 
of SA and altered the renal histology of the rats treated with SA. We 
can summaries that the SA can produce a nephroprotective effect 
by abolishing renal dysfunctioning, oxidative stress, and increased 
free radicals produced by CP (Fig. 5). 

In conclusion, SA therapy can produce a renoprotective 
effect in the nephrotoxicity produced by CP treatment. In 
addition, the SA-mediated regulation of specific forms of NO 
levels in the kidney imparts a significant function in the defense 
against nephrotoxicity caused by CP. The deleterious effects of 
chemotherapy on cancer patients will be reversed by SA treatment 
in the future. More mechanistic studies based on microarray 
and genomic models are required to validate the role of natural 
antioxidants in chemotherapy of the cancer patients.
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