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Sharbat-e-Bazoori Motadil (SBM) is a traditional Unani syrupy formulation, widely used for the manage-
ment of kidney diseases. Due to lack of scientific evidence, the present work prospective is aimed to eval-
uate the protective effect of sugar-free SBM against cisplatin (CP)-induced nephrotoxicity using in vitro
and in vivo followed by phytochemical studies. The sugar-free SBM formulation was chromatographically
characterized for chemical analysis through HPTLC and evaluated for its metabolic contents. Thereafter,
in vitro phytochemicals and free radical scavenging assays were performed to evaluate the total phenols
and flavonoid content and antioxidant potential of sugar-free SBM. Human embryonic kidney-293 (HEK-
293) cell was used to assess nephroprotective and antioxidant studies of sugar-free SBM. Further, in vivo
nephroprotective studies were performed in female Wistar albino rats at different dose (32.1, 64.2,
128.4 mg/kg/day, p.o.) of SBM by assessment of biochemical markers, antioxidants status, inflammatory
cytokines, and histopathological analysis. Qualitative and quantitative HPTLC analysis of SBM revealed
eleven and eight metabolites at 254 and 366 nm, respectively, while the content of caffeic acid and trans
ferulic acid was found as 5.63 ± 0.29 and 12.64 ± 0.71 mg/mg, respectively. In vitro free radical scavenging
assays showed the significant antioxidant potential of sugar-free SBM. The in vitro assay for nephropro-
tective and cellular antioxidant analysis of SBM showed significant (p < 0.001) nephroprotective and
antioxidant potential. Additionally, in vivo studies of different doses of SBM showed significant
(p < 0.001) amelioration in kidney and liver biomarkers. Besides, it also manifests antioxidant, anti-
inflammatory and anti-apoptosis activity confirmed by regulation of CAT, GPx, GSH, SOD, TNF-a, IL-1b,
NO and caspase-3 levels. Additionally, normalization in histopathological changes of kidney tissue
against cisplatin toxicity was also observed in SBM. The sugar-free SBM significantly ameliorated
cisplatin induced nephrotoxicity by exerting normalcy in biochemical markers, antioxidant, and
anti-inflammatory activity. These findings indicated an opportunity to develop a sugar-free formulation
od Urea;
dihydro-
lin; GSH,
al Ethics
al Saline;
tein; UA,

Research

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2022.101839&domain=pdf
https://doi.org/10.1016/j.jksus.2022.101839
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:sahmad_jh@yahoo.co.in
https://doi.org/10.1016/j.jksus.2022.101839
http://www.sciencedirect.com/science/journal/10183647
http://www.sciencedirect.com


Table 1
Composition of sugar-free SBM.

S.N. Plant Material Name
(Biological Name/Unani Nam

1 Cichorium intybus L./Beikh k
2 Cichorium intybus L./Tukhm
3 Foeniculum vulgare Mill./Bei
4 Cucumis melo L./Tukhme ka
5 Cucumius sativus L./Tukhme
6 Cucumis melo L./ Tukhme kh
7 Tribulus terresestris L./ Khare
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from SBM composition, as well as scientific validation of its traditional claim in the Unani system of
medicine.
� 2022 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nephrotoxicity is a most common kidney problem is referred as
loss of renal function either due to direct exposure to drugs, toxins
or environmental chemicals noted as nephrotoxic agents (Alsalame
et al., 2018). In 2017, World Health Organization proposed that
early identification and diagnosis may prevent, slow down or
reverse the loss of kidney function in acute kidney infection (AKI)
and chronic kidney disease (CKD) by the use of inexpensive inter-
ventions including natural medicine (World Health Organization,
2018).

Aminoglycoside antibiotics, anti-cancer and some non-steroidal
anti-inflammatory drugs (NSAIDs) are the most common nephro-
toxins (Kovacic and Jacintho, 2012). Cisplatin (CP), a potent anti-
neoplastic medication utilized in chemotherapy for the manage-
ment of hematologic or solid tumors. Several recent studies
reported that CP interacts with mitochondrial as well as nuclear
DNA inducing nephrotoxicity (Sadeghi et al., 2020). The most rele-
vant mechanism related to CP nephrotoxicity involves oxidative
stress, inflammatory reaction, and apoptosis (Sohn et al., 2009;
Meng et al., 2017).

Currently, various strategies have been assessed to decrease the
CP-induced nephrotoxicity and generate the need for alternative
therapy which should be effective, economic and non-toxic for
human health. Scientifically validated and standardized herbal
drugs may result using the path of reverse pharmacology approach
based on traditional data.

Unani medicine is one of the most ancient systems of medicine
and originated in Greece and its further spread over Arabic and
Asian subcontinent area and is used for management or prevention
of numerous diseases and reported to play a strong role in the
health care system (Ahmad et al., 2021). Various Unani drugs
and formulations claim to possess a safe and effective role in differ-
ent renal disorders. Despite being widely used in the management
of renal disease by Unani practitioners, these formulation have not
been scientifically evaluated for pharmacological potential. Only
few Unani drugs including Gule Surkh and Beikh Kasni (Rosa dam-
ascena and Cichorium intybus) (Khaliq et al., 2015), Kabab Chini
(Piper cubeba) (Ahmad et al., 2012) and Jawarish Zarooni Sada
(Afzal et al., 2004) have been investigated for their protective role
in kidney and its related disorders. Various herbal formulations,
which are widely used mainly include Jawarish Zarooni Sada,
Himalaya Uri-care, Neeri- KFT and Adel 33 Apo oedema Drop, thus,
the increasing interest and popularity in traditional formulation
leads to the requirement of scientific evidence to describe the qual-
ity potential of these formulations.
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Sharbat-e-bazoori Motadil (SBM) is a polyherbal Unani formu-
lation composed of seven medicinal plants Table 1 and has been
widely used for the management of kidney disorders in the Unani
system of medicine. But no scientific data has been reported on
SBM about its therapeutic efficacy till date. The majority of medic-
inal plants of the formulation including Cichorium intybus (Azhar,
2018), Cucumissativus (Prasanthi and Adikay, 2016), and Cucumis
melo (Saleem et al., 2019), have previously been reported to pos-
sess nephroprotective potential.

Thus, the present study was aimed to evaluate nephroprotec-
tive potential of SBM (sugar-free) against CP-induced nephrotoxic-
ity in HEK-293 cells and Wistar albino rats followed by
phytochemical analysis. Hope this study could be used as an exem-
plary for the evaluation of other traditional formulations, which
may come out as an effective and safe remedy for CKD.

2. Material and methods

2.1. Chemicals and reagents

Folin-Ciocalteu, aluminum chloride and sodium carbonate
reagent (SD Fine Chem Pvt. Ltd, Mumbai), 2,2-Diphenyl-1-
picrylhydrazyl (DPPH), 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide) (MTT) EZcountTM, Caffeic, ferulic
acid and ascorbic acid (Sigma Aldrich USA), Dulbecco’s modified
eagle medium (DMEM) and fetal bovine serum (FBS) (GibcoTM,
USA), TLC Silica gel 60F254 (Merck KGaA, 64271 Darmstadt, Ger-
many). Rat TNF-a, IL-1b, NO, and Caspase-3 ELISA Kit (EliKineTM,
USA), Alpha-Keto Analogue (Nephron Star Healthcare Pvt. Ltd).
The solvents and chemicals used in the study were of analytical
grades.

2.2. Preparation of sugar-free SBM

The plant materials of SBM (Table 1) were procured from the
local market of old Delhi, authenticated and prepared as per the
Unani Pharmacopoeia India; Anonymous I. Briefly, the crude mate-
rials were coarsely powdered and soaked with 1.4 L of water over-
night and decoct for 3 h at 60 �C and the process repeated three
times with fresh solvent. The extract was filtrated, concentrated,
and stored at 4 �C for further analysis.

2.3. Estimation of total phenolic and flavonoid content

Total phenolic and flavonoids content in the SBM was deter-
mined by using the Folin Ciocalteu (FC) and aluminum chloride
arts Used Quantity Voucher No.

oot 100 g BNPL/JH/Ph.D/02/18/01
eed 50 g BNPL/JH/Ph.D/02/18/02
oot 50 g BNPL/JH/Ph.D/02/18/03
eed 50 g BNPL/JH/Ph.D/02/18/04
eed 50 g BNPL/JH/Ph.D/02/18/05
eed 50 g BNPL/JH/Ph.D/02/18/06
ruit 50 g BNPL/JH/Ph.D/02/18/07
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methods, respectively with some modifications (Gaurav et al.,
2020), (Chester et al., 2017). The total phenols and flavonoid con-
tents were expressed as milligram (mg) gallic acid equivalent to
per gram (g) of the sample (mg GAE/g sample) and milligram
(mg) rutin equivalent to per gram (g) of the sample (mg RUT/g
sample), respectively.
2.4. Fingerprinting and chemical analysis by HPTLC

In HPTLC fingerprinting and quantitative analysis was per-
formed with respect to caffeic acid and trans-ferulic acid as per
the described protocol with some modification (Zahiruddin et al.,
2021). In brief, 10 mg/mL solution of SBM in methanol and stock
solution (0.5 mg/mL), of caffeic acid and ferulic acid mixed stan-
dard was prepared and applied on a TLC plate. The TLC plate was
developed in a pre-saturated development chamber using toluene:
ethyl acetate: formic acid (6:3:1, v/v/v) as a mobile phase and scan
at 254 and 354 nm.
2.5. Estimation of antioxidant activity

DPPH-free radical scavenging assay, reducing power assay and
total antioxidant capacity assay of the formulation were estimated
as per reference protocol with some modifications (Zahiruddin
et al., 2021), (Khan et al., 2017), (Oyaizu, 1986), (Aliyu et al.,
2013). A wide concentration range (31.25–500 lg/mL) was used
in each method for the evaluation of the antioxidant activity of
SBM.
2.6. In vitro cell culture studies

2.6.1. Cell line
Human embryonic kidney-293 (HEK-293) cells were collected

from the National Centre for Cell Science, Pune, India, and cultured
in DMEM supplemented with 10% FBS and antibiotics and allowed
to grow at 37 �C in a humidified incubator with 5% CO2.
2.6.2. Protective effect of SBM against cisplatin induced nephrotoxicity
and oxidative stress in HEK-293 cell line

After cytotoxicity estimation of SBM and cisplatin nephropro-
tective effect of SBM (3.9–500 mg/mL) was determined against cis-
platin induced nephrotoxicity in HEK-293 cells. Briefly, cells were
loaded on the 96-well plate and incubated with different concen-
tration (3.9–500 mg/mL) for 24 h at 37 �C. Thereafter, the cells were
treated with 100 mL of CP (13 mg/mL) and the plate was incubated
for further 24 h. Then MTT reagent was mixed in each well and
incubated for an additional 4 h at 37 �C. The formed blue formazan
crystals were liquefied with the addition of 100 mL of solubilizing
agent and absorbance recorded at 570 nm. Morphological changes
in HEK-293 cells were examined before the addition of MTT
reagent using EVOS XL Core Cell Imaging System (Kpemissi et al.,
2019).

In Cellular antioxidant activity (CAA), intracellular formation of
ROS was evaluated by using oxidation sensitive Dichloro-dihydro-
fluorescein acetate (DCFH-DA) probes (Grauzdytė et al., 2018).
Briefly, the pre-cultured HEK-293 cells in 96 well plates were trea-
ted with 100 mL of SBM (62.5–500 lg/mL) and the plate was incu-
bated for 3 h. Thereafter, the washed cells were treated with
100 lL of DCFH-DA (10 lmol/L) after the treatment with cisplatin
and fluorescence was recorded at excitation wavelength 485 nm
and 530 nm.
3

2.7. In vivo evaluation of SBM on CP-induced nephrotoxicity

2.7.1. Experimental animal
Wistar albino female rats (200–250 g) were utilized for in vivo

studies and these rats obtained from Central Animal House of
Hamdard University, approved (Approval Number: 1554) by Insti-
tutional Animal Ethics Committee (IAEC), Jamia Hamdard, New
Delhi, India (Registration No.: 173/GO/RE/S/2000/CPCSEA).

2.7.2. CP-induced nephrotoxicity
The dose and time schedule of CP administration was adopted

in this study were based on the pilot study done by Kumar et al.
2017. CP 7 mg/Kg body weight of through intraperitoneal (i.p.)
route was used for the induction of nephrotoxicity. All the rats
were divided into seven groups (n = 6 per group). Group 1 received
normal saline (NS) and served as Control; Group II received CP
(7 mg/kg/day, i.p.) and served as toxic control; Group III received
SBM in low dose (LD-SBM, 32.1 mg/kg/day); Group IV received
SBM in medium dose (MD-SBM, 64.2 mg/kg/day); Group V
received SBM in high dose (HD-SBM, 128.4 mg/kg/day); Group VI
received ascorbic acid (10 mg/kg/day, p.o.) and served as positive
control; Group VII received a-ketoanalogue (10 mg/kg/day, p.o.)
and served as positive control II. The dose of the sugar-free SBM
formulation was calculated from the extractive value obtained
with respect to the dose mentioned in Unani Pharmacopeia. Group
II, III, IV, V, VI and VII received CP (7 mg/kg/day, i.p.) for the last two
days of the experimental period i.e., 13th and 14th day. The body
weight of all animals was measured pre and post treatment. At
the end of the experiment, rats were sacrificed using ether anes-
thesia. Before scarification, blood samples were collected from
retro-orbital and separate serum for biochemical analysis.

After the processing, the animals were sacrificed successively to
collect kidney tissue from each animal to assess the antioxidant
and histopathological analysis (Rezaee-Khorasany et al., 2020).

2.7.3. Evaluation of biomarkers in serum and urine
Collected sample of urine and serum was used for the investiga-

tion of different biochemical analysis. In kidney biomarkers analy-
sis, blood urea (BU), creatinine (Cr), total protein (TP), albumin
(Alb), globulin (Glb), total bilirubin (TB), direct bilirubin (DB), uric
acid (UA), calcium (Ca), phosphorus (P), sodium (Na) and potas-
sium (K) level was estimated on blood serum and urine. In hepatic
biomarkers analysis, alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) were per-
formed on serum (Kpemissi et al., 2019).

2.7.4. Assessment of antioxidant status and oxidative stress biomarkers
in the kidney

Collected kidney from each animal, homogenates (10% w/v)
were made in tris–phosphate buffer (50 mM, pH 7.4) and then cen-
trifuged at 1300 rpm for 10 min at 4 �C. The resultant supernatant
were used to assess the glutathione (GSH), glutathione peroxidase
(GPx), superoxide dismutase (SOD), malondialdehyde (MDA), cata-
lase (CAT), and nitric oxide (KET900) levels using spectrophoto-
metric assays (Kpemissi et al., 2019).

2.7.5. Determination of proinflammatory cytokines and caspase-3 in
the kidney

Tumor necrosis factor-a (KET9007), interleukins-1b (KET900),
caspase-3 levels (KET100992) were measured in kidney tissue
homogenate as per the manufacturer protocol.

2.7.6. Histopathology
Histopathological studies of kidney tissues were conducted as

per the described protocol using Olympus IX 71 research micro-
scope (10�) (Sharma et al., 2017).
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2.8. Statistical analysis

Statistical representations of the data were expressed as
mean ± SEM using One Way ANOVA followed by Tukey test. The
statistical significance difference was represented in terms of p
value and summary.

3. Results

Aqueous extract of sugar-free SBM formulation was prepared,
successfully. The percentage yield of the formulation was found
as 37.23 ± 2.13% (w/w).

3.1. Phenolic and flavonoid contents of SBM

The total phenolic and flavonoid content in the formulation was
measured successfully. The results showed total phenolic and fla-
vonoid contents were 33.53 ± 2.45 and 13.39 ± 1.45 mg GAE and
RUT/g sample, respectively.

3.2. Fingerprinting and quantitative estimation of chemicals by HPTLC

Eleven metabolites were detected after scanning at 254 nm,
whereas eight metabolites were detected at 366 nm in SBM (Sup-
plementary Table 1). For the quantitative estimation of polyphe-
nols (caffeic acid and ferulic acid) in SBM, the in house
developed solvent system was found reproducible separation
results of caffeic acid and ferulic acid at 254 nm. The average quan-
tity of caffeic and trans ferulic acid in SBM was found to be
5.63 ± 0.29 and 12.64 ± 0.71 mg/mg, respectively (Supplementary
Fig. 1A, B).

3.3. Antioxidant potential of SBM

In vitro free radical scavenging assay were performed to evalu-
ate the antioxidant characteristic of SBM. The resulting data
revealed the DPPH IC50 values of SBM (55.78 ± 4.31 mg/mL) similar
to Ascorbic acid (43.93 ± 2.30 mg/mL). To check the antioxidant
Fig. 1. In vitro antioxidant activities of SBM extract against DPPH, Reducing power, Total a
The comparison was made with respect to IC50 for each sample. The statistical significa
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potency of the sugar-free formulations, we did it to another
method that was reducing power. The reducing power IC50 value
of SBM (90.72 ± 3.78 mg/mL) was similar to Ascorbic acid (55.85 ±
3.21 mg/mL). The third assay that is total antioxidant activity (TAC)
and IC50 value of SBM (35.21 ± 4.80 mg/mL) was comparable to
Ascorbic acid (19.81 ± 2.35 mg/mL). The graph of antioxidant assay
of SBM are summarized in Fig. 1.

3.4. In vitro cell culture studies

3.4.1. Effect of SBM on cytotoxicity of HEK-293 cells
The results showed 500 lg/mL and 13 lg/mL cytotoxic concen-

trations of SBM and cisplatin. The effect of SBM on cell viability
was found in a dose-dependent manner. The graph of cytotoxicity
assay of SBM and Ascorbic acid are summarized in Fig. 2a.

3.4.2. Nephroprotective effect of SBM against CP-induced toxicity in
HEK-293 cells

The nephroprotective effect of the sugar-free SBM was evalu-
ated against CP-induced cytotoxicity in HEK-293 cells. The resulted
data showed that CP treatment significantly (P < 0.001) reduced
the cell viability which was reversed after the treatment with
SBM. SBM was accompanied with 76.85 ± 1.50% viability at
500 mg/mL against the reduced viability of HEK-293 with 41.20 ± 0
.05% by CP. Although the protective effect of SBM against the CP
toxicity was found in a dose-dependent manner while no signifi-
cant changes were observed compared to Ascorbic acid (Fig. 2b).

3.4.3. Cellular antioxidant potential of SBM
In order to evaluate the protective actions of SBM against CP-

induced intracellular ROS production in HEK-293 cells, DCFH-DA
fluorescent probe was used to measure intracellular ROS level in
HEK-293 cells. The experimental findings reveal that level of ROS
in HEK-293 cells was significantly increased with incubation of
CP compared with the control group (Fig. 2c). Treatment with
SBM at different concentrations (150–500 mg/mL) significantly
decreases CP-induced ROS production. Ascorbic acid showed no
significant difference compared to SBM. (Fig. 2c)
ntioxidant activities. The statistical representation was made as Mean ± SEM (n = 3).
nce level was expressed at *P < 0.05, **p < 0.01, ***P < 0.001; ns p > 0.5.



Fig. 2. (a) Effect of sugar-free SBM and ascorbic acid on cell viability in HEK-293 cell line. Data are expressed as mean ± SEM (n = 3). One-way ANOVA followed by Tukey’s
multiple comparisons test. Compared to normal control group: The statistical significance level was expressed at *P < 0.05, **P < 0.01, ***P < 0.001; ns p > 0.5. (b)
Nephroprotective potential of SBM on HEK-293 cell line using CP as toxicant. Data are expressed as mean ± SEM (n = 3). One-way ANOVA followed by Tukey’s multiple
comparisons test. Compared to normal control group: ## P < 0.01, ### P < 0.001; Compared to CP control group: The statistical significance level was expressed at *P < 0.05,
**P < 0.01, ***P < 0.001; ns p > 0.5. 2(c) Fig. 6 Effect of SBM on CP- induced ROS production in HEK-293 cell line, the intracellular ROS production was quantified, expressed as
percentage of control and show as mean ± SEM (n = 3). Compared to normal control group: ### P < 0.001; Compared to CP control group: The statistical significance level was
expressed at **P < 0.01, ***P < 0.001; ns p > 0.5.
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3.4.4. Effect of CP on morphology of HEK-293 cells
Morphological changes in HEK-293 cell lines have been

assessed after induction of nephrotoxicity by CP and the results
were observed as marked changes in the morphology of HEK-293
cells. The morphological change was assessed by phase-contrast
microscopy as shown in Fig. 3.
3.5. Effect of SBM in CP-induced toxicity in Wistar albino rats

3.5.1. Effect of SBM on serum biochemical markers
The resulted data reveals that two days of treatment with cis-

platin causes significant changes in biomarkers of the kidney and
liver. In contrast, serum levels of creatinine, urea and uric acid in
the CP group were significantly increased (P < 0.05) compared to
the normal control group, while the levels of total protein (TP),
blood urea nitrogen (BUN), albumin (Alb), globulin (Glb), direct
bilirubin, total bilirubin Table 2 and electrolytes (calcium, phos-
phorus, and Magnesium), were significantly (P < 0.05) decreased
Table 3. Similarly, electrolytes such as sodium and potassium
levels were found as significantly increased (P < 0.05) in CP group
as compared to the normal control group. In addition, the serum
levels of AST, ALT and ALP enzymes activity were also significantly
(P < 0.05) increased in the CP group compared to the normal con-
trol. These altered levels of renal function parameters confirmed
the induction of nephrotoxicity. However, the treatment with all
three doses of SBM resulted in significant (P < 0.05) amelioration
of renal and liver biomarkers.
3.5.2. Effect of SBM on urine biochemical markers
Administration of CP resulted in significant (p < 0.05) alteration

in kidney function urine biomarkers such as creatinine, urea, uric
acid and electrolytes compared to the control group. Treatment
5

of all three doses of SBM exhibited significant (p < 0.05) normaliza-
tion of all the kidney function parameters as compared to CP group
(Table 4).
3.5.3. Effect on antioxidant oxidative stress parameter
Rat Kidney treated with CP had significantly higher (p < 0.05)

MDA and NO levels, while SOD, CAT, GPx and GSH activities were
significantly lower compared to the control group. Furthermore,
pre-oral administration of all three doses of SBM, ascorbic and a-
keto-analogue increase CAT, GPx, GSH and SOD (p < 0.05) level
compare with CP group. Whereas, the treatment of ascorbic acid,
a-ketoanalogue and all three doses of SBM significantly
(p < 0.05) decrease the level of MDA and NO (Fig. 4a–f).
3.5.4. Effect on inflammatory markers in kidney
CP treated rat showed significant (p < 0.05) higher levels of TNF-

a, IL-1b and caspase-3 as compared with the normal control group.
However, SBM potentially ameliorates the CP induces inflamma-
tory stress. While the group co-administered ascorbic acid and a-
ketoanalogue showed significant (p < 0.05) amelioration in oxida-
tive stress induced by CP (Fig. 5a–c).
3.5.5. Effect of SBM on renal histological changes in Wistar albino rats
After administration of SBM, the altered renal morphology was

found to be significantly restored to normal. The morphology of
Bowman’s capsule, proximal tubule, and distal tubule de-
structured brush border cells and epithelial cells drastically chan-
ged after two days of cisplatin therapy. SBM, ascorbic acid and a-
ketoanalogue restored the kidney architecture against CP group
(Fig. 6).



Fig. 3. Control cells (a) that shows a small, polygonal-shaped and epithelial-like morphology. In contrast, cells exposed to CP (b) expressing complete distorted architect as
compared to control with loss to grow as epithelium-like monolayer and even with condensed intracellular parts and almost all the cells appeared with the spherical shape or
rounded phenotype. (c-f) displays treatment groups of cells with SBM, at different concentration (500 C, 125 D, 31.25 E and 7.81 F lg/mL). After the treatment with SBM,
figure C-D showing normal architect of cells with least cells death as compared to control cells whereas figure (e and f) showing significant changes in architect of cells with
rounded phenotype. Figure K-N displays treatment groups of cells with ascorbic acid at different concentration (500 K, 125 L, 31.25 M and 7.81 N lg/mL). After the treatment
with ascorbic acid, figure (g and h) showing normal architect of cells with least cells death as compared to control cells whereas figure (i and j) showing reduced number of
cells but no significant changes in architect of cells with least round phenotype.

Table 2
Effect of SBM on kidney function parameters in serum.

KFT Parameter Normal Control Toxic Control SBM LD SBM MD SBM HD Ascorbic acid a-Keto Analogues

Creatine (mg/dL) 0.37 ± 0.01 1.90 ± 0.03### 1.82 ± 0.09 ns 1.70 ± 0.07** 1.72 ± 0.08** 1.78 ± 0.10* 0.47 ± 0.05***

Urea (mg/dL) 20.78 ± 1.10 58.23 ± 2.57### 51.97 ± 2.47* 52.23 ± 1.28* 25.70 ± 1.36*** 35.23 ± 1.32** 33.37 ± 1.63***

Uric acid (mg/dL) 2.40 ± 0.18 4.09 ± 0.16### 3.34 ± 0.13* 2.98 ± 0.09** 2.33 ± 0.15*** 2.38 ± 0.18*** 2.99 ± 0.16**

Total protein (gm/dL) 6.50 ± 0.11 3.79 ± 0.02### 4.11 ± 0.05* 5.09 ± 0.04** 6.18 ± 0.14*** 6.19 ± 0.09*** 6.23 ± 0.08***

BUN (mg/dL) 28.70 ± 1.52 40.45 ± 1.76### 39.45 ± 0.66 ns 34.85 ± 0.82** 33.95 ± 0.64** 32.18 ± 1.54** 31.62 ± 1.79**

Albumin (gm/dL) 2.52 ± 0.06 5.35 ± 0.05### 4.89 ± 0.02* 4.85 ± 0.01* 2.70 ± 0.02*** 3.26 ± 0.05*** 2.78 ± 0.03***

Globulin (gm/dL) 3.40 ± 0.33 6.75 ± 0.25### 5.18 ± 0.24* 3.26 ± 0.04*** 4.60 ± 0.17** 3.70 ± 0.08*** 3.14 ± 0.01***

Total Bilirubin (mg/dL) 0.11 ± 0.01 0.25 ± 0.06### 0.23 ± 0.02 ns 0.18 ± 0.01* 0.12 ± 0.08** 0.17 ± 0.05* 0.14 ± 0.04**

Direct Bilirubin (mg/dL) 0.03 ± 0.03 0.09 ± 0.08### 0.08 ± 0.07 ns 0.07 ± 0.004 ns 0.06 ± 0.007* 0.05 ± 0.003* 0.04 ± 0.005**

Data are expressed as mean ± SEM (n = 6). One-way ANOVA followed by Tukey’s multiple comparisons test. Compared to normal control group: ### P < 0.001; Compared to
CP control group: *P < 0.05, **P < 0.01, ***P < 0.001; ns p > 0.5.
SBM LD-Sharbat-e-Bazoori Low Dose; SBM MD- Sharbat-e-Bazoori Medium Dose; SBM HD- Sharbat-e-Bazoori High Dose
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Table 3
Effect of SBM on liver markers and electrolyte in serum.

Oxidative maker Normal Control Toxic Control SBM LD SBM MD SBM HD Ascorbic acid a-Keto Analogues

ALP (U/L) 138.21 ± 3.62 186.81 ± 2.68### 175.61 ± 3.05* 172.44 ± 3.16* 139.11 ± 4.26** 171.33 ± 0.85** 125.65 ± 1.46***

ASAT (U/L) 160.12 ± 3.09 212.73 ± 3.66### 208.23 ± 2.69 ns 193.5 ± 1.25* 183.71 ± 1.89** 180.52 ± 0.66** 182.71 ± 1.09**

ALAT (U/L) 24.38 ± 1.49 68.40 ± 1.47### 65.11 ± 2.33 ns 60.78 ± 1.80* 43.99 ± 0.28** 47.47 ± 0.33** 44.82 ± 0.71**

Calcium (mg/dL) 34.90 ± 1.75 23.92 ± 1.43### 22.83 ± 0.45 ns 28.43 ± 0.67** 27.25 ± 0.75** 29.52 ± 0.51** 30.68 ± 0.69***

Phosphorus (mg/dL) 5.73 ± 0.19 2.75 ± 0.26### 2.34 ± 0.51 ns 4.71 ± 0.14** 5.28 ± 0.22*** 4.88 ± 0.15** 5.53 ± 0.15***

Magnesium (mg/dL) 34.40 ± 1.52 23.92 ± 1.43### 26.83 ± 0.45* 28.43 ± 0.67** 29.42 ± 0.45** 27.68 ± 0.69*** 28.22 ± 0.75**

Sodium (mmoI/I) 146.91 ± 3.93 105.44 ± 1.42### 103.02 ± 1.91* 118.3 ± 2.07** 121.52 ± 0.91** 129.11 ± 1.46** 145.63 ± 1.28***

Potassium(mmoI/I) 4.65 ± 0.13 2.48 ± 0.13### 2.92 ± 1.22 ns 3.30 ± 0.17* 3.99 ± 0.15*** 3.55 ± 0.03*** 3.37 ± 0.15**

Data are expressed as mean ± SEM (n = 6). One-way ANOVA followed by Tukey’s multiple comparisons test. Compared to normal control group: ### P < 0.001; Compared to
CP control group: *P < 0.05, **P < 0.01, ***P < 0.001; ns p > 0.5.
SBM LD-Sharbat-e-Bazoori Low Dose; SBM MD- Sharbat-e-Bazoori Medium Dose; SBM HD- Sharbat-e-Bazoori High Dose.

Table 4
Effect of SBM on urine parameters.

Urine Parameter Normal Control Toxic Control SBM LD SBM MD SBM HD Ascorbic acid a-Keto Analogues

Creatine (mg/dL) 2.51 ± 0.20 0.53 ± 1.19### 0.52 ± 0.09* 0.60 ± 0.03* 1.61 ± 0.08*** 0.55 ± 0.04* 1.39 ± 0.05***

Urea (mg/dL) 63.33 ± 0.65 22.22 ± 0.42### 20.17 ± 1.07 ns 36.00 ± 1.73** 54.10 ± 0.79*** 34.98 ± 1.71** 58.83 ± 1.01***

Uric (mg/dL) 2.60 ± 0.16 8.15 ± 0.38### 6.18 ± 0.04* 6.41 ± 0.11* 5.32 ± 0.15** 6.21 ± 0.09* 5.60 ± 0.09**

Calcium (mg/dL) 3.56 ± 0.15 7.46 ± 0.16### 6.0.42 ± 0.12* 6.51 ± 0.06* 5.44 ± 0.13** 5.38 ± 0.14*** 5.32 ± 0.06**

Phosphorus (mg/dL) 1.52 ± 0.05 4.36 ± 0.01### 3.91 ± 0.12* 3.25 ± 0.02** 2.53 ± 0.05*** 3.45 ± 0.01** 2.73 ± 0.05***

Magnesium (mg/dL) 24.85 ± 0.90 51.22 ± 1.42### 50.88 ± 1.55 ns 50.85 ± 2.31 ns 36.33 ± 1.28** 50.85 ± 2.58 ns 36.50 ± 0.30**

Sodium (mmoI/I) 83.32 ± 0.95 128.71 ± 0.49### 116.76 ± 0.98* 115.33 ± 1.11* 92.25 ± 0.77*** 114.95 ± 1.05* 90.08 ± 1.11***

Potassium (mmoI/I) 2.91 ± 0.10 1.44 ± 0.13### 1.46 ± 0.08 ns 1.78 ± 0.05* 2.80 ± 0.15*** 1.68 ± 0.16* 1.80 ± 0.03**

Data are expressed as mean ± SEM (n = 6). One-way ANOVA followed by Tukey’s multiple comparisons test. Compared to normal control group: ### P < 0.001; Compared to
CP control group: *P < 0.05, **P < 0.01, ***P < 0.001; ns p > 0.5.
SBM LD-Sharbat-e-Bazoori Low Dose; SBM MD- Sharbat-e-Bazoori Medium Dose; SBM HD- Sharbat-e-Bazoori High Dose.
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4. Discussion

This is the first study that investigated the nephroprotective
effects of sugar-free SBM formulation against CP-induced nephro-
toxicity along with it its quality control evaluation and generated
scientific evidence for its regulatory purpose. This preliminary
study was carried out to characterize the formulation based on
their metabolomic profile including phenolic and flavonoid and
the results showed that SBM is enriched in polyphenols. Polyphe-
nols play a supportive role in nephroprotection, antioxidant and
immunomodulatory effects and improve the kidney function
(Zahiruddin et al., 2022), (Gautam et al., 2021). Our results for fin-
gerprinting of SBM by HPTLC revealed about 8–11 metabolites at
different wavelengths, where few of them, namely caffeic acid
and t-ferulic acid was the major metabolites.

Moreover, the protective effect of SBMwas evaluated against CP-
induced nephrotoxicity and oxidative stress on HEK-293 cells. The
results of the study showed that SBM has a strong protective effect
in HEK-293 cells against cisplatin-induced nephrotoxicity and
oxidative stress. It is reported, antioxidant drug quenches the action
of free radicals induced by oxidative stress (Grauzdytė et al., 2018).
Furthermore, it can be suggested that cisplatin-induced intracellu-
lar ROS production on HEK-293 cells was significantly reversed by
SBM which was estimated by DCF fluorescence analysis.

In morphological analysis, CP leads to several phenotypic
changes on HEK-293 cells such as cell shrinkage, rounded pheno-
type, poor cell adhesion, and cell number reduction similarly as
reported in previous findings (Mi et al., 2018). SBM exhibits strong
reversal effect against CP toxicity. In vitro verification of the
antioxidant activity of plant is more important before in vivo veri-
fication (Yu et al., 2021). In our experimental findings, the sugar-
free formulation of SBM has strong efficacy as antioxidants due
to enriched polyphenols as confirmed in our preliminary experi-
mental studies on HEK-293 cells. The findings support our DPPH,
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reducing power and TAC potential of sugar-free SBM. The previous
finding reveals that caffeic acid and ferulic acid are strong candi-
dates to quench the free radicals induced by oxidative stress along
with reduces inflammation induced by oxidative stress (Dhanisha
et al., 2021). Our finding of ferulic acid in the formulation also sup-
port the previous finding, reduction in oxidative stress and
increases the antioxidative status of the SBM (Stompor-Gorący
and Machaczka, 2021).

Moreover, in vivo experimental studies for the nephroprotective
potential of SBM were evaluated against nephrotoxicity induced by
CP in Wistar rats. Two days treatment with CP caused severe
nephrotoxicity as evident by biochemical and histological studies.
Our result revealed that CP causes significant reduction in the body
weight, this might be due to low intake of food, breakdown of mus-
cle and tissue protein as indicated by increased levels of creatinine,
urea, uric acid, BUN, total protein, albumin and electrolytes
(Alsuhaibani, 2018). The administration of SBM significantly
increase the experimental weight loss with decrease in the levels
of ALT, AST, ALP, TB, and BD in CP treated group. SBM significantly
reduced acute CP-induced nephrotoxicity by restoring the altered
levels of electrolytes (magnesium, calcium and phosphorus) in
urine and serum (Kpemissi et al., 2019).

Our study revealed that CP induced oxidative stress by
increased MDA and NO levels and decreased (p < 0.05) in CAT,
GPx, GSH and SOD levels in renal tissue. MDA is formed by ROS-
induced lipid peroxidation and is commonly used as a biomarker
of oxidative stress, increased MDA level indicated damage to kid-
ney tissue and altered membrane function. NO is a biological medi-
ator involved in several physiological functions, increased NO in
response to CP exposure suggests induction of nitrosative stress
response, likely due to upregulation of Nos2. GSH is a cellular
tripeptide decrease in renal GSH level in response to CP exposure
and inhibition of accumulation of MDA. The antioxidant enzymes
such as SOD, CAT, GSH and GPx play a fundamental role in the



Fig. 4. Effect of SBM on GPx [a], GSH [b], CAT [c], SOD [d], MDA [e] and NO [f] in CP-induced nephrotoxicity. Data are expressed as mean ± SEM (n = 6). One-way ANOVA
followed by Tukey’s multiple comparisons test. Compared to normal control group: ### P < 0.001; Compared to CP control group: The statistical significance level was
expressed at *P < 0.05, **P < 0.01, ***P < 0.001; ns p > 0.5.
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elimination of reactive oxygen and nitrogen species, which is
responsible for cellular oxidative damage. CP decreased in SOD,
CAT, GSH and GPx levels and increased in MDA and NO levels
due to renal damage by oxidative stress. However oral administra-
tion of SBM (128.4 mg/kg and 64.2 mg/kg), ascorbic acid and a-
keto analogue reverses the functional ability of SOD, CAT, GSH
and GPx against CP-induced toxicity while SBM (32.1 mg/kg) was
not found significantly effective against toxicity.

The increase in levels of TNF-a, IL-1b and caspase-3 play an
imperative role in pathophysiological changes in the kidney
(Barnett and Cummings, 2019). The experimental outcome sug-
gests significant elevated level of TNF-a, IL-1b, and caspase-3 in
CP group, whereas the treatment with SBM was found to restore
the elevated level of inflammatory markers (Topcu-Tarladacalisir
et al., 2016). Thus, our results along with prior evidences confirmed
the involvement of multiple nephroprotective mechanism includ-
ing antioxidant, anti-inflammatory and anti-apoptosis activity of
SBM against CP-induced nephrotoxicity (Zaman et al., 2017). Fur-
8

thermore, the examination of histopathological studies confirms
cellular degeneration, inflammatory cell infiltrate in the cortex
and tubular cast indicates impair glomerular filtration and
periglomerular mild inflammatory cells infiltrate. In contrast, the
oral administration of SBM (128.4 mg/kg) strongly reversed the
deleterious effect of CP to nearly normal. All the experimental find-
ings confirm significant nephroprotective potential of sugar-free
SBM against acute and or chronic kidney dysfunction by ameliorat-
ing oxidative and inflammatory stress.
5. Conclusion

Sugar-free SBM was found as an effective formulation in CP-
induced nephrotoxicity established in both in vitro and in vivo
models. Our finding also suggests that sugar-free SBM can be con-
sidered as a safe nephroprotective supplement during CP
chemotherapy. Sugar-free formulation of SBM can be considered,



Fig. 5. Effect of SBM on TNF-a [a], IL-1b [b], and Caspase-3 [c], in CP-induced nephrotoxicity. Data are expressed as mean ± SEM (n = 6). One-way ANOVA followed by Tukey’s
multiple comparisons test. Compared to normal control group: ### P < 0.001; Compared to CP control group: The statistical significance level was expressed at *P < 0.05,
**P < 0.01, ***P < 0.001; ns p > 0.5.

Fig. 6. Histopathological study of renal tissues of experimental animals (n = 6). No changes were noticed in the normal control group (a); The kidney samples of the CP (toxic
control group) showed periglomerular mild infiltrate in inflammatory cells of few glomeruli. (b); The renal treated with low dose of SBM cortex showed numerous normal
glomeruli having normal capillary loops, vascular endothelial cell swelling, mild interstitial congestion and edema, and multifocal mixed inflammatory infiltrates (c); kidney
sample treated from medium dose of SBM, cortex showed numerous normal glomeruli having normal capillary loops, mesangial cells and mesangial matrix deposition is
normal and mild infiltrate in inflammatory cells (d); The renal treated with high dose of SBM showed normal glomeruli, mesangial cells and mesangial matrix deposition is
normal. (e); The kidney samples of ascorbic acid group cortex showed numerous normal glomeruli having normal capillary loops, mesangial cells and mesangial matrix
deposition is normal. Proximal (f); The kidney section of a-ketoanalogue cortex showed numerous normal glomeruli having normal capillary loops, mesangial cells are not
increased and mesangial matrix deposition is normal. Many glomeruli showed periglomerular mild infiltrate in inflammatory cells. Focal areas in cortex (near PCT) showed
mild inflammatory cells infiltrate (g).

Mohammad Umar Khan, Gaurav, S. Zahiruddin et al. Journal of King Saud University – Science 34 (2022) 101839

9



Mohammad Umar Khan, Gaurav, S. Zahiruddin et al. Journal of King Saud University – Science 34 (2022) 101839
as a therapeutic option in diabetic nephropathy and in CKD but still
a deeper scientific justification is necessary to validate its benefi-
cial properties.
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