3 Biotech (2022) 12: 189
https://doi.org/10.1007/s13205-022-03233-z

ORIGINAL ARTICLE q

Check for
updates

Nephroprotective effect of polyphenol-rich extract of Costus spicatus
in cisplatin-induced nephrotoxicity in Wistar albino rats

Amena Ali'® - Abuzer Ali2® - Wasim Ahmad>® - Mohd Amir*® - Kamran Ashraf>® - Shadma Wahab®
Prawez Alam’® . Abutahir®® . Adil Ahamad®

Received: 19 January 2022 / Accepted: 17 June 2022 / Published online: 25 July 2022
© King Abdulaziz City for Science and Technology 2022

Abstract

Costus spicatus (spiked spiralflag ginger) is traditionally utilised for its advantages such as antidiabetic, antihyperlipidemic,
diuretic, antimicrobial, and anticancer properties. However, there is no scientific evidence on the nephroprotective potential
of this plant. Thus, this study tested the nephroprotective effect of the polyphenol-rich extract of Costus spicatus leaves
(PCSL) using preclinical models, including the HeK cell line and Wistar albino rats against cisplatin-induced toxicity. It
also determined the polyphenolic compounds using high-performance thin-layer chromatography (HPTLC). PCSL showed
significant (p < 0.05) nephroprotective potential against cisplatin-induced nephrotoxicity in HeK cells. Moreover, in vivo
studies revealed significant (p < 0.05) amelioration in serum biochemical markers and antioxidant enzymes against cisplatin-
induced nephrotoxicity. PCSL significantly inhibited the level of inflammatory cytokines such as TNF-a, IL-6, and IL-1f.
Moreover, PCSL restored the damage of the kidney tissues and ameliorated interstitial haemorrhage, congestion in capillaries,
inflammatory cell infiltration, vacuolated cytoplasm, and tubular epithelial injury with widened Bowman's space. In addition,
HPTLC analysis revealed that PCSL comprised polyphenolic compounds such as caffeic acid, quercetin, and ferulic acid. In
conclusion, PCSL exerted nephroprotective potential by modulating the expression of inflammation, oxidative stress, and
histological architecture of kidney tissues.
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Abbreviations

PCSL Polyphenolic enriched extract of Costus spica-
tus leaves

HPTLC High-performance thin-layer chromatography

CKD Chronic kidney disease

(0N} Oxidative stress

MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide)

DMEM Dulbecco's Modified Eagle Medium

PBS Phosphate buffer saline

TNF-o«  Tumour necrosis factor

IL-6 Interleukin 6

IL-1p Interleukin -1

SOD Superoxide dismutase

CAT Catalase

GPx Glutathione peroxidase

GAE Gallic acid equivalent

MDA Malondialdehyde

NCSS National Centre For Cell Science

Introduction

Nephrotoxicity is one of the most recurrent kidney problems
characterised by kidney malfunction through either direct
or indirect exposure to toxins or medications (Pizzorno
2015). The kidney is the principal osmoregulatory organ
that perpetuates the physiological functions of the body by
regulating blood filtration and removing waste metabolites
from the body to maintain proper tonicity, fluid volume, pH
balance, and electrolyte homeostasis (Al-Naimi et al. 2019).
With time, multiple pathogenic events such as deleterious
imbalance of antioxidant, oxidative stress, and inflammatory
cytokines, as well as progressive renal dysfunction, lead to
chronic kidney disease (CKD) (Daenen et al. 2019). It is
one of the most serious public health problems in the world,
with a global prevalence of 13.4%. CKD is driven by other
diseases such as cardiovascular disease, hypertension, diabe-
tes, dyslipidemia, obesity, and ageing (Lv and Zhang 2019).

Cisplatin is a frequently used medicament to treat numer-
ous solid tumours like ovarian cancer, lung cancer, and
stomach cancer. However, it produces a number of negative
side effects, including bone marrow suppression, nephro-
toxicity, and neural toxicity. Of the total patients, 25-30%
of the patients utilising cisplatin develop nephrotoxicity
(Dasari and Tchounwou 2014; Miller et al. 2010). Herewith,
the development of nephrotoxicity by cisplatin is associated
with major aggression factors such as transporter-mediated
cisplatin accumulation, transformation into nephrotoxins,
DNA adduct formation, mitochondrial dysfunction due to
nitrosative and oxidative stress (OS) and inflammation, sig-
nal transducers, and apoptosis activation. However, evidence
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suggests that OS and inflammation play an essential role in
toxicity-induced cisplatin (Xavier et al. 2017).

Herbal medicines contain a large number of bioactive
compounds that exert several bioactivities such as antiau-
toimmune, inflammatory, antidiabetic, anticancer, and anti-
oxidant activities (Batiha et al. 2020; Fierascu et al. 2020).
Hence, the trend in medicine selection has been switched
from synthetic to herbal medicine for disease management
and treatment, indicating that people are returning to nature.
Herbal medicines have grown exponentially in recent dec-
ades and gained popularity in both developed and developing
countries, including India. Moreover, herbal medicines have
been used for millennia and are widely regarded around the
world as a treatment regimen for disease prevention owing
to its natural origins, easy accessibility and availability, and
fewer side effects. In the present scenario, there is a lack of
effective therapy to prevent cisplatin-induced nephrotoxic-
ity, although several efficacious and less toxic plant-based
medicines have been currently developed to protect against
nephrotoxicity (Fang et al. 2021).

Costus spicatus was frequently used in different parts of
the world as nutraceuticals as well as pharmaceuticals. It is
one of the most popular medicinal plants frequently utilised
in the Ayurvedic system of medicine to medicate various ail-
ments such as chronic headache, gastroenteritis, diarrhoea,
hyperlipidemia, diabetes, cancer, ringworm infections, and
skin inflammations (Shediwah et al. 2019). C. spicatus is
enriched with polyphenols (phenols and flavonoids), alka-
loids, glycosides many more, which are mainly responsible
for various bioactivities (Moreno et al. 2021). Furthermore,
the polyphenolic components in C. spicatus are designed to
prevent the progressive degradation of the kidney function,
restore the physiological and cellular strength of individuals
with renal challenges by improving kidney function param-
eters, antioxidant, and anti-inflammatory properties. How-
ever, there is still lack of evidence-based studies that assess
the nephroprotective activity of C. spicatus. Therefore, the
present study aims to test the nephroprotective effect of the
polyphenol-rich extract of C. spicatus (PCSL) using a rodent
model of nephrotoxicity.

Materials and methods
Procurement of sample and preparation of extract

C. spicatus leaves were obtained from local market of Delhi
and taxonomic identification were performed and the speci-
men was deposited at the Department of Pharmacy, Integral
University (IU/2021/Costus spicatus-2). The dried leaves
of C. spicatus (50 g) were placed in a conical flask contain-
ing methanol (500 mL) and macerated for three consecu-
tive days with continuous stirring at 25 °C. After complete
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maceration, the extract was filtered through filter paper
(Whatman No. 1). Finally, the obtained extract was dried
using vacuum evaporation and stored in an airtight container
for future experiments. The extractive percentage yield was
13.76%.

Total polyphenolic content (phenol and flavonoid)

The Folin—Ciocalteu technique, with some modifications,
was used to estimate the total phenol concentration in PCSL
(Chlopicka et al. 2012). Briefly, an extract stock solution
(10 mg/mL) was produced in high-performance liquid chro-
matography (HPLC)-grade methanol. 1000 pL of the extract
from the stock solution was mixed with the Folin—Ciocal-
teu reagent (5.0 mL; 1:10, v/v). Thereafter, sodium bicar-
bonate solution (5.0 mL) was poured and maintained for
30 min with occasional shaking. Finally, the absorbance was
recorded at 765 nm.

The total content of flavonoids in PCSL was estimated
using the aluminium chloride method with some modera-
tion (Chlopicka et al. 2012). From the aforesaid stock solu-
tion, 1000 pL of extract solution was combined with 3.0 mL
methanol and incubated for 5 min. Thereafter, aluminium
chloride (0.2 mL 10%), sodium acetate (0.2 mL; 1 M), and
distilled water (3.6 mL) were added, and the mixture was
kept for another 40 min at 25°Cbefore recording absorbance
at 415 nm. The standard curves for total phenol and flavo-
noid content estimation were plotted using standard gallic
acid and quercetin, respectively, and the results are repre-
sented as mg gallic acid/quercetin equivalent/gm extract (mg
gallic acid/quercetin/gm extract).

2,2-Diphenyl-1-picrylhydrazyl (DPPH) inhibition
activity

The antioxidant activity of PCSL was measured using a con-
ventional procedure with a few modifications (Chlopicka
et al. 2012). Briefly, 20 pL of the test sample (25-500 pg/
mL) was mixed with 180 pL of DPPH solution. The result-
ant mixtures were kept in a dark room at 25 °C for 30 min,
and then absorbance was recorded at 517 nm. Ascorbic acid
was utilised as the standard. The DPPH scavenging activity
is assessed by the following equation:

Percentage inhibition = (1 — Aqppre/Acontror) X 100

High-performance thin-layer chromatography
(HPTLC) determination of caffeic acid, quercetin,
and ferulic acid in PCSL

The solvate (50 mg/mL of the extract and 0.5 mg/mL
of standards) was prepared by dissolving the extract in

ultra-performance liquid chromatography (UPLC) grade
methanol and filtered through a Millipore Milles-GN
Nylon syringe filter (0.2 ym). CAMAG-Linomat 5 was
used to apply the extract and standard (caffeic acid,
quercetin, and ferulic acid) to TLC plates with the follow-
ing settings. The band length was 6 mm, the track margin
was 4 mm, the application rate was 150 nL/s, and the dis-
tance between the side edge and the bottom was 1.5 and
2 cm. Then, the TLC plate was transferred in a presatu-
rated TLC chamber having mobile phases such as toluene,
ethyl acetate, and formic acid (5.5:4.0:0.5 v/v/v). After
complete development, the plate was air-dried, scanned at
254 and 366 nm, and analysed with Wincats1.2.3.

In vitro cytotoxicity and nephroprotective activity
of PCSL in human embryonic kidney cell line

The human embryonic kidney 293 (HeK293) cell line
was procured from NCSS, Pune, Maharashtra, India, and
in vitro cell line studies were performed to investigate
the nephroprotective potential of PCSL against cisplatin-
induced toxicity on the HeK cells line. The study includes
cytotoxicity and nephroprotective activity using MTT
assay. The HEK cells were cultured and grown in Dulbec-
co's Modified Eagle Medium (DMEM) with 10% FBS and
50 pg/mL antibiotics (penicillin—streptomycin solution)
at 37 °C in a CO, humidified incubator (5% CO,; 95%
air). Samples of different concentrations (25—-1000 pg/mL)
were incubated with cells for 24 h. Thereafter, the culture
medium was gently replaced with 100 uL. of DMEM fol-
lowed by the addition of the MTT reagent (10 pL; 5 mg/
mL) and again incubated for 3 h. Finally, the supernatant
was removed and formazan crystals were dissolved in 100
uL of a solubilising agent; then, absorbance was recorded
using a microplate ELISA reader at 540 nm.

Furthermore, the nephroprotective assay of PCSL was
assessed against cisplatin-induced nephrotoxicity follow-
ing the described protocol. Briefly, 100 uL of cisplatin
(16 pg/mL) and 100 pL of samples (25-1000 pug/mL) were
poured in ELISA plates and incubated for 24 h. After 24 h,
the medium was gently replaced with fresh DMEM (100
pL) followed by the addition of the MTT reagent (10 uL;
5 mg/mL) and again incubated for 3 h. Absorbance was
recorded using a microplate ELISA reader at 540 nm. The
nephroprotective effect of PCSL was determined in terms
of percentage cell viability.

% Cellviability = sample absorbance [ control absorbance X 100

Ascorbic acid was used as the positive control (Xavier
et al. 2017).
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Experimental animal models

The study was approved by Ethics Committee (43-101),
Taif University, Saudi Arabia. The in vivo nephroprotective
activity was performed on Wistar albino rats (200-225 g)
as per the described protocol with some modifications (Abd
EI-Rhman et al. 2020). All the animals were housed in stand-
ard laboratory conditions and fed a standard diet through-
out experimentation. The experimental design of the animal
study is presented in Fig. 1. Ascorbic acid (AA) was used as
a standard drug for comparative evaluation. The body weight
of all the animals was observed at end of the experiment.
On the 14™ day, blood samples were collected and allowed
to clot for 20 min and centrifuged at 1350 rpm for 10 min
to gently separate the serum, which was the stored at —4 °C
for further analysis. Moreover, the animals were euthanised
to collect kidney tissue from each animal to determine the
antioxidant and histopathological analysis (Akca et al. 2018;
Singh et al. 2020).

Estimation of serum biochemical markers

Biochemical markers were evaluated to assess the biochemi-
cal changes in the kidney. In the analysis of kidney markers,
blood urea (BU), uric acid (UA), creatinine (Cr), total bili-
rubin (TB), total protein (TP), direct bilirubin (DB), albumin
(Alb), globulin (Glb), calcium (Ca), sodium (Na), phospho-
rus (P), and potassium (K) levels were measured in the blood
serum (Sultana et al. 2012; Lin et al. 2015; Kpemissi et al.
2019; Ingale et al. 2013).

Antioxidant status

In sterile phosphate buffer (50 mM, pH 7.4), kidney tis-
sues were homogenised (10% w/v) and centrifuged at
1300 rpm for 10 min at 4 °C. The kidney's antioxidant

Fig. 1 Schematic representation
of in vivo study with different
experimental groups with their
doses

' 30 Rats

- L

Acclimatization
7 Days

state was assessed spectrophotometrically by detecting
the expression of superoxide dismutase (SOD), catalase
(CAT), glutathione (GPx), and malondialdehyde (MDA)
in the supernatant (Sultana et al. 2012; Lin et al. 2015;
Kpemissi et al. 2019).

Assessment of inflammatory biomarkers

Using an ELISA reader, the expression of inflammatory
biomarkers, including TNF-a (E-EL-H0109), IL-6 (E-EL-
0156), and IL-1f (E-EL-R0012), were measured sequen-
tially as per the manufacturer's protocol (Elabscience;
Texas, USA).

Histopathology

The small piece of the kidney specimen was fixed in for-
malin solution (10%) overnight and then embedded in
paraffin blocks. Furthermore, tissue samples were sliced
at 5 m thickness with a rotatory microtome, stained with
hematoxylin and eosin, dried, and photomicrographed
using a microscope (Motic) (Rezaee-Khorasany et al.
2020).

Statistical analysis

The Tukey test and One Way ANOVA were used to portray
the data statistically as mean standard deviation. P values
less than 0.05 were considered statistically significant. The
control group and treatment groups were compared with
the toxic group.

—> Group 1: (Control): Normal Saline for 14 Days

—> Group 2: (Toxic control): Normal Saline for 14 Days + Cisplatin (7 mg/kg/day, i.p.) last two days

—> Group 3: Ascorbic acid (10 mg/Kg/day, p.o.) for 14 Days + Cisplatin (7 mg/kg/day, i.p.) last two days
—> Group 4: PCSL-low dose (150 mg/Kg/day, p.o.) for 14 Days + Cisplatin (7 mg/kg/day, i.p.) last two days
—> Group 5: PCSL-high dose (300 mg/Kg/day, p.o.) for 14 Days + Cisplatin (7 mg/kg/day, i.p.) last two days

Treatment
14 Days

Cisplatin
2 Days

Biochemical and hlstologlcal After
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Results
Total phenol and flavonoid contents in PCSL

In the present study, the total contents of phenols and fla-
vonoids were assessed. The results reveal that the total phe-
nol content of PCSL was 64.59 +1.25 mg equivalents to
GAE/gm extract, whereas the total flavonoid content was
31.45+0.73 mg equivalent to rutin/gm extract. The results
reveal that PCSL is enriched with polyphenols.

Determination of antioxidant potential of PCSL

Biochemical assays are widely used to determine the antioxi-
dant activity of single compounds as well as extracts. DPPH,
a purple solution, combines with antioxidant chemicals in
the test samples (PCSL) to produce a pale yellow colour.
Results of the study reveal that PCSL shows significant
inhibitory potential in graded dose response on DPPH free
radicals at the tested concentration (25-500 ug/mL). The
ICs, values of the test sample and standard were 84.34 +5.18
and 77.36 +3.36 pg/mL, respectively.

Simultaneous determination of caffeic acid, ferulic
acid, and quercetin in PCSL

In this study, the standard bioactive markers were deter-
mined using HPTLC. For this purpose, we used various
solvent systems with different compositions to achieve bet-
ter separation. Toluene:ethyl acetate:formic acid (5.5:4.0:0.5
v/v/v/) was found to be the best among all mobile phases for
all the bioactive markers. This mobile phase offers better
results over the earlier reported method (Dixit et al. 2017).
Chromatographic separation of the extract showed that all
the polyphenolic compounds were well resolved and sepa-
rated on TLC plates, and the fluorescence bands of all the
polyphenolic compounds were visible at 254 nm. Rf values
of 0.30, 0.42, and 0.46 for the spots of PCSL were detected
as caffeic acid, ferulic acid, and quercetin, respectively
(Fig. 2). The percentage of polyphenol content in PCSL
was in the order of caffeic acid, ferulic acid, and querce-
tin. In addition, peaks were symmetrical, and no tailing was
observed at 254 nm.

In vitro assays for cytotoxicity and nephroprotective
potential of PCSL

Cell line studies were conducted to assess the cytotox-
icity and potential of PCSL. The obtained data clearly
show that only a higher concentration of PCSL, i.e.
1000 pg/mL, possesses cell cytotoxicity, whereas lesser

concentration was found safe (Fig. 3a). In addition, for
cisplatin (16 ug/mL) the cell viability was remarkably
reduced to 45.5+3.51%. Moreover, data obtained from
nephroprotective potential reveal that PCSL significantly
(p £0.05) enhanced the cell viability against cisplatin up
to 64.05 +4.34% and 70.65 +4.15%, respectively, at tested
concentrations of 250-500 pg/mL (Fig. 3b). The percent-
age cell viability was expressed statistically after 24 h of
incubation with treatment using one-way ANOVA with
the Tukey test.

Measurement of body weight

The body weight of all the animals was measured before and
after experimentation. The presented data reveal a signifi-
cant loss in the body in toxic groups as compared to other
treated groups. The higher dose of PCSL and standard show
a similar body weight pattern and significantly ameliorates
to normal as compared to toxic (Fig. 4). Reduced body
weight indicates nephrotoxicity by cisplatin.

Estimation of biochemical markers in blood serum

After consecutive administration of cisplatin to experimental
rats, the biochemical markers of blood significantly changed.
In the toxic group, the levels of biochemical markers such
as urea, uric acid, creatinine, total protein, albumin, glob-
ulin, and total bilirubin as well as the level of electrolyte
sodium increased. By contrast, the levels of calcium, phos-
phorus, and potassium significantly (p <0.05) reduced. The
above description shows the typical characteristic feature of
nephrotoxicity. Interestingly, the treatment groups protect
and maintain the biochemical levels near to normal. Higher
doses of PCSL show comparable results to those of AA. The
overall results are depicted in Figs. 5, 6 and 7.

Estimation of antioxidant status of kidney tissue
in the experimental groups

OS is a characteristic feature of cisplatin-induced nephrotox-
icity. Hence, in this study, the antioxidant status (SOD, CAT,
GPx, and MDA) was assessed in kidney tissue homogenates.
The obtained results reveal that, in the treatment group, the
SOD, CAT, and GPx levels increased markedly, whereas the
MDA level reduced. In treatment groups, the levels of the
above antioxidant status significantly (p <0.05) ameliorated
to the normal level against cisplatin-induced OS in kidney
tissues. Almost similar efficacy of SOD, CAT, and GPx
was observed in the higher dose of treatment and standard.
Table 1 presents all the antioxidant observations.
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Tengh § . 0:

Fig.2 HPTLC chromatograms: A PCSL extract showing peak of caffeic acid, quercetin and ferulic acid; B Peak of standard caffeic acid, querce-

tin and ferulic acid

Estimation of inflammatory markers
in the experimental groups

The expression of TNF-a, IL-6, and IL-1f was examined in
all the experimental groups. In the toxic group, a concurrent
increment was observed in the expression of all the mark-
ers. However, in the treatment groups, the expression of all
the inflammatory cytokines was significantly restored near
to normal. A high dose of PCSL showed better protective
activity as compared to a lower dose. Interestingly, a high
dose of PCSL showed a comparable effect as that of standard
ascorbic acid (Table 2). Thus, it can be inferred that PCSL
protects the nephrotoxicity induced by cisplatin.
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Histological observations of the kidney

Histopathological observation of kidney tissues was
observed normally in the control group. Cisplatin alone
showed impaired renal morphology and caused significant
inflammatory cell infiltration, interstitial haemorrhage, irreg-
ular dilated lumina, vacuolated cytoplasm, and destructured
brush border cells atrophy, as well as expanded Bowman’s
space and congestion in glomerular capillaries. In the treat-
ment groups (PCSL and standard), appreciable results were
observed, and the cellular architecture of the kidney tissue
was observed as normal (Fig. 6). Thus, it can say that PCSL
has efficacy to protect the renal damage.
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Fig.3 Cytotoxicity (a) and nephroprotective (b) potential of PCSL on HeK cells. The statistical representation was made as Mean+SD (n=3).

The statistical significance level was expressed at #/*p <0.05

250 Prior Treatment
200+
150

100+

Relative Body Weight (g)
[3)]
<

e

Fig.4 Evaluation of relative bodyweight of each group a prior and
b post-treatment groups. The statistical representation was made as
Mean +SD (n=6). The comparisons were made between control and

Discussion

Cisplatin-treated rats displayed typical clinical and patho-
logical symptoms like reduction in relative body weight
and significant changes in kidney function parameters
such as creatinine, urea, uric acid, total protein, albumin,
and electrolytes. This observation implies that cisplatin
caused nephrotoxicity, as evidenced by a decrease in
the glomerular filtration rate. (Sultana et al. 2012). Our
findings are comparable to those of previous studies on
cisplatin-induced nephrotoxicity. Interestingly, in kidney
ailments, the levels of urea, creatinine, and uric acid in
serum are considered important markers of nephrotoxic-
ity (Sultana et al. 2012; Lin et al. 2015). Previous reports
suggested that creatinine is the most reliable marker in
kidney injury. The kidneys maintain creatinine levels by

3004, Post Treatment
250
2004
150+

100+

Relative Body Weight (g)
3

o
L

o Q QQ Ny

Nl N
[3) =) =)
< QO QO

toxic (#), toxic to drug-treated groups (¥). The significance level was
observed at #/*p <0.05

excreting it from the body, and its elevation in the serum
shows kidney malfunction (Daenen et al. 2019). In addi-
tion, urea is an important marker that can indicate renal
cell injuries. Furthermore, cited literature demonstrated
that renal physiology is highly responsible for the excre-
tion of urine, water and electrolytes (Na*, K*, Ca,*, and
phosphate) (Ingale et al. 2013). PCSL significantly reduces
cisplatin-induced nephrotoxicity by returning electrolyte
levels in the serum to normal.

OS plays a crucial role in overwhelming renal toxicity
induced by cisplatin. Oxidation of cellular lipids and pro-
teins is strongly associated with structural and physiological
functions (Kumar et al. 2017). Cited studies reported that
free radicals induced by cisplatin counteract the antioxidant
enzymes such as SOD, CAT, and GPx. The antioxidants
neutralise oxidative free radicals and constitute the pri-
mary cellular defence barrier grid in living systems against
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sium in all the groups. Data was expressed statistically as Mean+ SD #/*p < 0.05. The ns represents not significant
(n=06). The comparisons were made between control to toxic (#), and
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Fig.7 Histopathological examination of the control groups showed
normal histo-architecture of the kidney tissues while in the case of
the toxic group a severe inflammatory cell infiltration (white arrow),
irregular dilated lumina (thick), interstitial haemorrhage (curvy
arrow), vacuolated cytoplasm and destructured brush border cells

oxidative stress (Ighodaro and Akinloye 2018). The results
of this investigation reveal that cisplatin injection dramati-
cally reduced the levels of SOD, CAT, and GPx in tissue
homogenate while significantly increasing the level of MDA.
PCSL administration significantly enhanced the levels of
SOD, CAT, and GPx and reduced the level of MDA. As
compared to a lower dose, a higher dose of PCSL showed
more efficacy in antioxidant enzymes. Higher doses of PCSL
showed almost similar efficacy as the standard. Thus, the
antioxidant efficacy and the nephroprotective activity of
PCSL are confirmed.

Furthermore, inflammatory cytokines such as TNF-, IL-6,
and IL-1p play a key role in cellular inflammation and are
strongly associated with the pathophysiology of nephrotox-
icity. Previous studies suggested that cisplatin trigger phos-
phorylation and subsequently transit the NF-kB transcription
factor to the nucleus with the deterioration of the inhibitory
IxBa protein (Humanes et al. 2017). The impelling of NF-xB
stimulates the transcription of inflammatory mediators and
constructs immune, antiapoptotic, proliferative, and inflam-
matory responses. As a result, the level of TNF-a in kidney
cells increases, which is an important inflammatory cytokine
in systemic inflammation and acute phase responses caused
by cisplatin administration (Peres and da Cunha 2013). IL-6
and IL-1f play a key role in kidney homeostasis and are

PCSL-LD

[

(head arrow), atrophy and tubular epithelial injury with widened
Bowman's space along with congestion in capillaries of the glomer-
ulus. Treatment groups ameliorated the destruction of kidney tissue
damage towards normal

promptly released in response to renal cell injuries by cis-
platin and stimulate acute phase responses (Elsawy et al.
2021; Mohamed et al. 2020). Our results indicate that PCSL
ameliorates all the examined inflammatory cytokines near
to normal. This result is consistent with several published
reports that reveal the anti-inflammatory potential of PCSL
in cisplatin-induced nephrotoxicity in rodents. These results
signify the anti-inflammatory potential of PCSL. Afsar et al.
(2021) reported that polyphenols are excellent drug candi-
dates for preventing cisplatin-induced nephrotoxicity. Con-
sistent with previous reports, this study also revealed high
levels of TNF-a, IL-6, and IL-1.

This study demonstrated that cisplatin administration
impairs the histological architecture of the kidney tissues
and decreases the body weight. Histopathological examina-
tion revealed that cisplatin induces severe inflammatory cell
infiltration, irregularly dilated lumina, interstitial haemor-
rhage, vacuolated cytoplasm and destructured brush border
cells, atrophy, and tubular epithelial injury with widened
Bowman's space as well as congestion in capillaries of the
glomerulus. These disfigurements are clinically confirmed
by the elevated serum creatinine level, electrolyte imbalance,
and acute kidney failure. Various interstitial congestion and
inflammatory infiltration have also been noted (Ewees et al.
2018). Evaluation of the PCSL-treated group indicates that
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the polyphenol-rich extract counteracts the inimical effects
of cisplatin and restores the histological architecture of the
kidney near to normal. The histopathological findings are
concurrent with biochemical results and agree well with the
earlier reports (Wang et al. 2018).

Polyphenolic compounds such as caffeic acid, querce-
tin, and ferulic acid are effective candidates to hinder the
generation of free radicals induced by OS; similarly, these
compounds inhibit OS-induced inflammation in the bio-
logical systems (Ozen et al. 2004; Sanchez-Gonzalez et al.
2011. Interestingly, oral intake of caffeic acid, ferulic acid,
and quercetin attenuates the elevated levels of creatinine,
urea, uric acid, and MDA. It also ameliorates the status of
antioxidants enzymes such as SOD, CAT, and GPx and
regain normal histology of the kidney against cisplatin-
induced nephrotoxicity (Bami et al. 2017). Of the most
prevalent drug development employed in the current dec-
ades, mechanisms implicated in the accumulation of oxida-
tive stress, inflammation, and certain biochemical markers
related to kidney disorders have been scrutinised in great
detail. Polyphenols or other phytochemicals against the mul-
tiple targets described above show potential as a class of
therapeutics for the management of nephrotoxicity. Moreo-
ver, the use of medicinal plants might prevent the occurrence
of toxicity caused by synthetic drugs. However, the major
drawback is their relatively slower action compared with
synthetic medicines. Hence, in emergency cases, the use of
medicinal plants is not recommended. Further research is
recommended regarding the molecular efficacy, toxicity, and
safety of medicinal plants to translate their actual action on
human subjects.

Conclusions

The present study revealed based on preclinical models that
PCSL exerts a nephroprotective effect against cisplatin-
induced toxicity by ameliorating the levels of creatinine,
antioxidants, and anti-inflammatory status as well as restor-
ing the histological architecture of the kidney tissues. Hence,
we proposed that PCSL could be utilised as a nephropro-
tective agent in cisplatin chemotherapy. Moreover, fur-
ther molecular and clinical examinations confirmed these
findings.
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