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Background: Cisplatin is extensively used in treating cancers, and its primary side-effect is nephrotoxi-
city. It accumulates in proximal convoluted tubules where it promotes cellular damage by oxidative
stress, apoptosis, and inflammation, etc. In Unani medicine, Tukhm-e-Karafs (Apium graveolens L.) (TK) is
mentioned in the literature to manage various kidney ailments due to its diuretic and deobstruent
activities.
Objective: To investigate the nephroprotective effects of powder of TK in Cisplatin-induced nephrotox-
icity in an animal model and to validate the Unani claim of its nephroprotective action.
Material and methods: In curative protocol, cisplatin (5 mg/kg body weight i.p) was administered on day
one and powder of TK (500 and 1000 mg/kg p.o.) from the sixth day onwards for ten days. TK (500 and
1000 mg/kg p.o.) was given for ten days and Cisplatin (5 mg/kg body weight i.p) on day 11 in the pro-
tective model. At the end of the study, all the animals were sacrificed, and renal biochemical parameters
were determined. KIM-1 level was also investigated in the kidney homogenate in conjunction with
histopathological inspection of kidney tissues.
Results: Significant increase in serum creatinine and BUN, presence of mononuclear cell infiltration,
tubular dilation and vacuolation in renal histopathology, and increased KIM-1 level confirmed the
nephrotoxicity due to Cisplatin. TK's administration protects the kidney as suggested by the changes in
biochemical renal function, decreased level of KIM-1, and improvement in histopathological changes.
Conclusion: The result advocated that TK prevented renal injury and maintained normal renal function in
both models. It may be due to improved clearance of Cisplatin from kidney tubules and reduction in
reactive oxygen species (ROS) produced by the inflammatory response.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Institute of Transdisciplinary Health Sciences
and Technology and World Ayurveda Foundation. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The compound (cis-diamminedichloroplatinum [II]),
commonly known as Cisplatin, was first described in 1845 by M.
Peyrone (known as Peyrone's salt) [1]. Cisplatin is commonly used
as a potent chemotherapeutic agent in human and veterinary
medicine. Cisplatin administration produces many side-effects
like nephrotoxicity, ototoxicity, nausea and vomiting, peripheral
sensory neuropathy, myelosuppression, and nerve dysfunction.
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Nephrotoxicity is the most common and notable clinical mani-
festation [2e4].

Nearly one third of individuals with cisplatin therapy demon-
strated nephrotoxicity after 10 days of treatment. The manifesta-
tion of side-effects includes decrease glomerular filtration rate,
increased serum creatinine and decreased magnesium and potas-
sium levels. Though Cisplatin's lasting side-effects are not clear, it
may be concluded that a permanent reduction in glomerular
filtration rate will be the result. When tubular cells are exposed to
Cisplatin, it activates some signaling pathways that are either
cytoprotective or cell death-promoting (ROS, p53, MAPK, etc.).
Cisplatin also induces TNF-a production resulting in the inflam-
matory response, leading to the cells' death and reduced glomer-
ular filtration rate. Cumulative effects of these events conclude in
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acute renal failure [5]. It has been found that nephrotoxicity due to
Cisplatin can be monitored through diuretics and hydration regi-
mens in many patients, but the frequency of Cisplatin nephrotox-
icity still occurs in about one-third of patients undergoing Cisplatin
treatment [32]. Amifostine is approved by the US Food and Drug
Administration for Use in reducing progressive nephrotoxicity of
repeated Cisplatin dosing in patients with advanced ovarian cancer.
Unfortunately, even with amifostine, renal toxicity still occurs [44].

Tukhm-e-Karafs (Apium graveolens L.) (TK) is a vital drug
mentioned in the Unani literature for kidney disorders. Its seed and
roots are used in the treatment of kidney and liver diseases. Its
Mizaj (temperament) is mentioned as Haar Yabis in 2nd degree. Its
actions as mentioned in the literature are Mufattih Sudad
(deobstruent), Mudirr-i-Bawl (diuretic), Mushtahi (appetizer),
Musqit-i-Janin (abortifacient), Mufattit-i-Hasah (lithotriptic), Kasir-
i-Riyah (carminative), etc. It is also used as an ingredient in many
compound formulations like Jawarish Zarooni sada, Sharbat Bazuri
Haar, Banadiqul Buzoor, Shikanjabeen Bazoori Moatadil, Dawaul
Kurkum, and Majoon Dabidulward, etc.; these compound formula-
tions are used for kidney and liver disorders [6e13].

According to the Unani medicine concept, Mizaj is defined as
average equality produced by the interaction of four elements (fire,
air, water, and soil) that possess their dual qualities [33]. When
different essential molecules of different elements come into con-
tact at one place, they act and react. Their Kaifiyat (quality) interact
with each other so that a new Kaifiyat (quality) emerges. This new
and intermediate Kaifiyat (quality) is called Mizaj. If we mix hot
water into cold water, it becomes moderate. Hot property and cold
property act against each other and a new ‘intermediate’ property
emerge that will be neither so hot nor so cold to such extent as it
was earlier [34]. TheMizaj of TK isHaar Yabis in 2nd degree (hot and
dry in 2nd degree), which means the intermediate property of the
ingredients (chemical constituents) of the TK is hot and dry. It is the
basic concept of Unani medicine and used in treatment based on
‘Il�aj bi’l Didd (heteropathy).

Consequently, this study was planned to scientifically appraise
the nephroprotective action of TK in experimental animals. The
trial drug's effect was studied in animals subjected to nephrotoxi-
city by the administration of Cisplatin in two different sets of tests,
where both protective and curative effects were evaluated. The
efficacy was determined based on biochemical markers (serum
creatinine, BUN, serum uric acid, and serum total protein), serum
electrolytes (sodium, potassium, chloride and calcium), KIM-1 test,
and histopathological findings, to maintain the objectivity of the
results and the study. The central hypothesis is the repurposing of
the drug for the nephroprotective effect to provide adjuvant ther-
apy for kidney toxicity during chemotherapy. Diuretics and hy-
dration regimens can be used for monitoring nephrotoxicity.
However, in our study, TK was used as a protective and curative
drug to counter the nephrotoxic effects of Cisplatin. The curative
and preventive protocols were used to evaluate the neph-
roprotective effects of TK comprehensively. Natural drugs produce
low adverse effects, and no life-threatening adverse effect is
mentioned in Unani literature for TK or observed in practice.

2. Material and methods

2.1. Collection of plant material

The dried seeds of TK were obtained from the GMP certified
Pharmacy of the CRIUM Hyderabad. The drug was procured
from the local market of Hyderabad and identified by the Phar-
macy Incharge of the Institute. The drug sample's identity
was confirmed by Research Officer (Botany), SMP Unit at
CRIUM, Hyderabad-500038. The voucher specimen was
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preserved under SMPU/CRI-HYD 13550 number at the SMP unit
of CRIUM Hyderabad.

2.2. Physicochemical standardization of TK and TLC fingerprinting

The percentage of total ash, acid insoluble ash, water-soluble
extractives, alcohol-soluble extractives, and moisture content, as
well as TLC, were determined in accordance with WHO criteria [14].
The presence of alkaloids, saponins, resins, sterols, and terpenes was
determined qualitatively using the procedures outlined by Afaq et al.
[15]. Flavonoids were detected using the Fransworth method [16];
glycosides were detected using the Paech and Tracey method [17];
phenols were detected using the Brewster and Mc Ewen method
[18]; and saponin was detected using the Arthur and Chan method
[19]. The TLC analysis of the test drug's alcoholic extract was per-
formed on a silica gel “G” plate using a mobile phase of Toluene:
Ethyl Acetate: Methanol (7:2:1). The TLC was examined in the UV
chamber using UV 366 nm light and the Rf values were recorded.

2.3. Animals

In this study, 48 albino rats of Wistar strain of 120e150 g weight
were taken. Animals were procured from Edara Research Foundation
(ERF), Hyderabad; a GLP-certified laboratory. Standard laboratory
conditions (12/12 h light and dark, Temperature: 22 �C ± 3 �C;
Relative Humidity: 30e70%) were maintained. The animals were
housed three, of the same sex in polycarbonate cages provided with
husk bedding. A conventional rodent laboratory diet was provided
with potable drinking water ad libitum. Experimental protocol
abided by CPCSEA guidelines and was approved by the Institutional
Animal Ethics Committee of the CRIUM, Hyderabad vides Registra-
tion No. CRIUM/IAEC/2017/01/P08 dated 29th July 2017.

2.4. Experimental procedure

The crude drug dose was determined by multiplying the Unani
clinical dose of the test drug by the conversion factor of 7 [20]. The
dose range of TK- has been mentioned in Unani literature as
3e5 gm. The clinical dose calculatedwas found to be 500mg/kg bw.
Further, the second dose of 1000 mg/kg (doubled dose) was also
used to study the test drug's dose-dependent effect. The powder of
crude drug was prepared by electric grinder in the GMP-certified
pharmacy of the Institute and preserved in an airtight container
for further use. The fine powder of the test drug was suspended in
0.3% aqueous carboxyl methylcellulose (CMC) suspension. The test
dose suspension was freshly prepared daily. A feeding cannula was
used to administer the suspension which was homogenized by
shaking well for a minute. The daily new suspension was prepared
by the same method. The rats were randomly divided into eight
groups containing six animals each group. Cisplatin was adminis-
tered intraperitoneally in the dose of 5 mg/kg body weight [21].

In curative protocol,

1. Group-1 (Normal control), Animals were treated with normal
saline injection i.p on day 1 and 0.3% CMC aqueous solution was
administered orally 6th day onward for 10 days.

2. Group-2 (Negative control), Animals were administered
Cisplatin 5 mg/kg i.p on 1st day and 0.3% CMC aqueous solution
was administered orally 6th day onward for 10 days.

3. Group-3, Animals were administered Cisplatin 5 mg/kg i.p on
1stday; however, from the 6th day onwards the test drug, TK was
also given in the dose of 500 mg/kg body weight once daily
orally for the next 10 days.

4. Group-4, Animals were administered Cisplatin 5 mg/kg i.p on
1stday; however, from the 6th day onwards the test drug, TK was
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also given in 1000 mg/kg body weight once daily orally for the
next 10 days.

In protective protocol,

1. Group-1 (Normal control), Animals were treated with 0.3% CMC
aqueous solution administered orally for 10 days and normal
saline injection i.p on the 11th day.

2. Group-2 (Negative control), Animals were treated with 0.3%
CMC aqueous solution administered orally for 10 days and
Cisplatin 5 mg/kg i.p on the 11th day.

3. Group-3, Animals received test drug TK in the dose of 500mg/kg
body weight orally, once daily for 10 days, and Cisplatin injec-
tion was given i.p on 11th day in the dose of 5 mg/kg bw.

4. Group-4, Animals received test drug TK in the dose of 1000 mg/
kg body weight orally, once daily for 10 days, and Cisplatin in-
jection was given i.p on 11th day in the dose of 5 mg/kg bw.

2.5. Blood collection for biochemical assays

At the end of the experiment, the rats were sequentially anes-
thetized with isoflurane (EZ anaesthesia system) for about 50e60 s
2e3 ml of blood was collected using capillary from retro-orbital
plexus for biochemical estimation (creatinine, BUN, total protein,
and uric acid). Each blood sample obtained from each rat was
collected into a well-labeled 4 ml capacity plain sample vial.

2.6. Preparation of kidney homogenate

Kidneyswere excised out, and the left kidneywas used to prepare
homogenate while the right kidney was stored in neutral buffered
formalin for histopathological evaluation. Kidney tissue samples
were washed with ice-cold saline and homogenized 100 mg tissue
sample using phosphate buffer saline (pH 7.4). The tissue sample,
along with PBS, was centrifuged at 4 �C at 10,000 rpm. Homogenized
samples were stored in triplicate aliquots and stored at�80 �C. KIM-
1 levels were assessed using rat-specific ELISA kits.

2.7. Histopathological examination

All animals were subjected to gross necropsy after sacrificing
under CO2 euthanasia. Macroscopic examination of organs and
Fig. 1. Relative organ weight of con
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tissues was done, and these organs/tissues were weighted after
isolation and trimming. The relative organweight was analyzed for
both kidneys, liver, spleen, brain, heart, adrenals, and testes. Kidney
tissues were preserved in 10% neutral buffer formalin for histo-
pathological examination. The tissue was processed for routine
paraffin embedding, and approximately 3e5 m sections were
stained with Mayer's haematoxylin and eosin stains.

2.8. Statistical analysis

For statistical analysis One-way analysis of variance (ANOVA),
followed by Tukey's test was performed for all the raw data
recorded during the study by GraphPad Prism Version 5.0 software.
Values were represented as mean ± SEM, and p < 0.05 was
considered statistically significant.

3. Results

3.1. Qualitative phytochemical analysis

The hydroalcoholic extract of the test drug was subjected to
qualitative phytochemical analysis to check the drug's quality, and
results were found by Unani Pharmacopoeial standard.

3.2. Physicochemical standards and TLC fingerprinting

The alcoholic and water extractive components were deter-
mined to be 16.30% and 20.70%, respectively. Total ash and acid
insoluble ash were determined to be 8.8 and 2.3 percent, respec-
tively, while moisture content was found to be 8.2 percent. The
phytochemical colour reaction demonstrates that the TK seeds
contain glycosides, flavonoids, alkaloids, phenols, and sterols.

The TLC analysis of an alcoholic extract on a silica gel “G” plate
with Toluene: Ethyl Acetate: Methanol (7:2:1) as the mobile phase
reveals 11 spots with Rf values of 0.02 (blue), 0.07 (blue), 0.17 (blue),
0.21 (red), 0.25 (blue), 0.35 (blue), 0.45 (blue), 0.54 (blue), 0.61
(blue), 0.78 (blue) and 0.85 (blue) under UV 366 nm light.

3.3. Bodyweight

No significant differences were observed in the bodyweight of
test drug TK-treated animals at both doses (low and high) levels
trols and TK treated animals.



Fig. 2. Relative organ weight of controls and TK treated animals.

M. Naushad, M. Urooj, T. Ahmad et al. Journal of Ayurveda and Integrative Medicine 12 (2021) 607e615
with the control (normal or Cisplatin) group. No significant changes
were observed in Cisplatin control than normal control in the
curative and protective protocol (data not presented).

3.4. Feed intake

Rats treated with TK at both dose (low and high) levels showed
no significant difference in feed consumption as compared to
control groups (normal and Cisplatin) in curative as well as pro-
tective protocol (data not presented).

3.5. Relative organ weight

The administration of test drug TK at both dose (low and high)
levels did not induce any alterations in relative organ weight of ad-
renals, liver, brain, spleen, heart, right and left kidney, and right and
left testis. All TK-treated animals' observed values were comparable
to normal control and Cisplatin control group (Figs. 1 and 2).

3.6. Renal function parameters

The effects of Cisplatin and TK on biochemical markers of rats are
presented in Table 1 (curative protocol) and Table 2 (protective pro-
tocol). Serum creatinine and BUN were significantly increased in the
Cisplatin control group compared to the normal control group in
curative and protective protocol. Serum uric acid and serum electro-
lytes (sodium, potassium, chloride and calcium) did not significantly
increasewhen compared to the normal control group. In the curative
Table 1
Cisplatin curative protocol.

Parameter Vehicle
(0.3%CMC)

Cisplatin
(5 mg/kg)

Creatinine (mg/dL) 0.61 ± 0.03 1.08 ± 0.11
BUN (mg/dL) 14.68 ± 0.79 53.38 ± 3.8
Uric Acid (mg/dL) 1.98 ± 0.13 2.05 ± 0.07
Sodium (mmol/L) 143.3 ± 1.56 145.7 ± 1.1
Potassium (mmol/L) 6.10 ± 0.32 6.30 ± 0.23
Chloride (mmol/L) 95.33 ± 0.61 95.50 ± 0.8
Calcium (mmol/L) 2.41 ± 0.01 2.45 ± 0.03
Total Protein (g/dL) 6.75 ± 0.07 6.50 ± 0.20

Values presented as mean ± SEM; n¼ 06; One-way ANOVA; *¼ p < 0.05 vs control **¼ p
0.01 vs Cisplatin control, sss¼p < 0.001 vs Cisplatin control.
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protocol, serum creatinine and BUN level decreased in both dose
levels butwere found significant in the high dose group. In protective
protocol serum, creatinine level was significantly decreased in both
dose levelswhile BUNvaluewas found significantly decreased inhigh
dose level. Serum uric acid value was significantly decreased at both
dose levels in curative protocol while in protective protocol at a low
dose level. There was no significant difference in serum electrolytes
(Naþ, Kþ, Cl�, and Caþþ) at both dose levels.
3.7. KIM-1 level in kidney homogenate

InCisplatinprotectiveprotocol, KIM-1 level significantly increased
in Cisplatin control, low dose (500 mg/kg) and high dose (1000 mg/
kg) treated group respectively compared to the normal control group.
In low dose (500 mg/kg), it is not found statistically significant.
However, in Cisplatin curative protocol, KIM-1 level was significantly
increased in Cisplatin control, low dose (500 mg/kg) and high dose
(1000 mg/kg) treated group respectively but not found statistically
significant inhighdose (1000mg/kg). InbothCisplatinprotective and
curative protocol, treatment with TK at a low dose (500 mg/Kg) and
high dose (1000 mg/Kg), KIM-1 levels were not found statistically
significant as compared to theCisplatin control groupwhich indicates
no protective and curative effect (Figs. 3 and 4).
3.8. Histopathological examination

The examination of kidney tissue in Cisplatin curative activity
for histological changes showed mononuclear cell infiltration and
TK
(500 mg/Kg)

TK
(1000 mg/Kg)

* 0.81 ± 0.14 0.66 ± 0.04s

0* 45.45 ± 15.99 15.60 ± 1.56s

1.43 ± 0.11**ss 1.567 ± 0.08*s

1 146.5 ± 0.76 148.5 ± 0.92*
4.91 ± 0.17**ss 4.51 ± 0.07***sss

8 92.33 ± 0.66 94.50 ± 1.05
2.61 ± 0.01***ss 2.56 ± 0.042**
6.783 ± 0.23 6.80 ± 0.08

< 0.01 vs control, ***¼ p < 0.001 vs control s¼p < 0.05 vs Cisplatin control ss¼p <



Table 2
Cisplatin protective protocol.

Parameter
(Male)

Vehicle
(0.3%CMC)

Cisplatin
(5 mg/kg)

TK
(500 mg/Kg)

TK
(1000 mg/Kg)

Creatinine (mg/dL) 0.83 ± 0.02 1.183 ± 0.16* 0.81 ± 0.01s 0.80 ± 0.0s

BUN (mg/dL) 14.02 ± 0.6452 23.02 ± 1.644** 20.12 ± 2.53 15.17 ± 0.716s

Uric Acid (mg/dL) 1.75 ± 0.10 1.76 ± 0.12 1.35 ± 0.06*s 1.48 ± 0.06
Sodium (mmol/L) 120.7 ± 0.84 118.7 ± 1.11 116.0 ± 1.29 119.0 ± 1.50
Potassium (mmol/L) 13.82 ± 0.46 15.02 ± 0.44 15.55 ± 0.30 15.67 ± 0.75
Chloride (mmol/L) 106.7 ± 0.33 108.2 ± 0.47 108.3 ± 0.55 108.2 ± 0.47
Calcium (mmol/L) 1.73 ± 0.02 1.73 ± 0.02 1.85 ± 0.02 1.917 ± 0.122
Total Protein (g/dL) 7.08 ± 0.03 6.91 ± 0.18 7.06 ± 0.03 6.93 ± 0.05

Values presented as mean ± SEM; n ¼ 06; One-way ANOVA; * ¼ p < 0.05 vs. control ** ¼ p < 0.01 vs. control, s ¼ p < 0.05 vs. Cisplatin control.
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tubular dilation in the Cisplatin control and high dose (1000mg/kg)
group when compared to the vehicle control group. Cisplatin pro-
tective activity histological changes like mononuclear cell infiltra-
tion, haemorrhages, tubular dilation, and vacuolation were
observed in Cisplatin control and low dose (500 mg/kg) (more
pronounced in Cisplatin control group) as compared to the vehicle
control group. The high dose (1000 mg/kg) group showed low
occurrence in histological changes indicating inhibition of
Cisplatin-induced changes in this group (Figs. 5 and 6).
4. Discussion

TK's powder at concentrations of 500 and 1000 mg/kg bw
revealed some promising and exciting outcomes in the present
study. The animals treated with Cisplatin did not show any sig-
nificant changes in body weight. This indicates that the tested
drug did not alter the metabolism of the animal. There were no
significant changes observed in feed intake of animals treated
with TK than normal control animals. Relative organ weight of
adrenals, heart, liver, brain, kidneys, spleen, and testes has not
shown any significant change suggesting that all body organs
well-tolerated test drug without any adverse effect on any organ.
In this study, it was shown that the administration of Cisplatin to
rats caused an increase in creatinine, uric acid, and BUN in
plasma in the cisplatin control group. The biochemical parame-
ters were well-supported by renal histology, which showed a
prominent renal tissue injury sign. Histological changes like
mononuclear cell infiltration, haemorrhages, tubular dilation,
Fig. 3. KIM-1 level of Controls and TK treated animals. Values presented as
mean ± SEM; n ¼ 06; One-way ANOVA; * ¼ p < 0.05 vs control.
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and vacuolation were seen in the Cisplatin control group. The
expression of KIM-1 in renal tissue has also proved injury in the
Cisplatin control group.

In Curative protocol, results showed that TK administration
decreases creatinine and BUN levels at both dose levels. The results
were found statistically significant at a high dose of TK. Similarly,
uric acid levels showed a reduction at both dose levels, but a sig-
nificant reduction was observed at a low dose of TK. Total protein
and serum electrolytes (sodium, potassium, chloride, and calcium)
have not shown any significant changes. The estimation of KIM-1 in
tissue homogenate indicated no significant changes in KIM-1 at
both dose levels of TK.

TK showed a significant reduction of BUN in animals treated
with TK at a high dose in the protective model. Similarly, there was
a reduction in uric acid at both dose levels of TK but not found
statistically significant. Total protein and serum electrolytes (So-
dium, Potassium, Chloride, and Calcium) have not shown any sig-
nificant changes. The estimation of KIM-1 in tissue homogenate
showed a reduction at a low TK dose, while the KIM-1 level in-
creases at a high dose of TK. The results indicated that TK showed
slight protection about KIM-1 at a low dose, although results were
not found statistically significant.

Cisplatin induces alterations in kidney function, as mentioned in
the literature. Proximal tubules of the kidneys absorb Cisplatin at a
higher concentration than other tissues, due to the copper trans-
porter 1 and the organic cation transporter [22,23]. Expression of
inflammatory cytokines and chemokines like interleukin-1b, IL-18,
CX3CL1, and IL3 increases due to cisplatin treatment in mice [24].
Cisplatin is extensively used in treating cancers, and its primary
side-effect is nephrotoxicity in a dose-dependent manner [25].
Cisplatin accumulates in proximal convoluted tubules, promoting
cellular damage by apoptosis, DNA damage, oxidative stress, and
inflammation, etc. [26].

Themechanisms of renal toxicity caused by Cisplatin are still not
precise now. However, reactive oxygen species and lipid peroxi-
dation have been recommended as a nephrotoxicity mechanism
[27,28]. Cisplatin significantly reduces glutathione and increases
lipid peroxidation in the mitochondria of the renal cortex [29].
Cisplatin significantly checks superoxide dismutase activities and
catalase in the kidney tissues leading to an increase in reactive
oxygen species [30]. Cisplatin's aquated forms are highly reactive,
particularly with thiol-containing molecules, including glutathione
[42]. It also inhibits antioxidant enzymes, including glutathione S-
transferase, glutathione peroxidase, and superoxide dismutase
[43], shifting the cellular redox status, leading to toxic levels of ROS
within the cell. The traditional biochemical markers for the
detection of kidney disease involve the determination of the serum
creatinine, BUN, uric acid, total protein, and urinary electrolytes.
Although specific for kidney injury, these indicators do not detect
renal injury in the early phase. KIM-1 is considered a specific



Fig. 4. KIM-1 level of Controls and TK treated animals. Values presented as
mean ± SEM; n ¼ 06; One-way ANOVA; ** ¼ p < 0.01 vs control, *** ¼ p < 0.001 vs
control.
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marker for early detection of renal injury. As in humans, rat KIM-1
in the urine samples and tissue suggested that KIM-1 may be used
as a sensitive early biomarker in animals with nephrotoxicity [31].

TK crude extract has shown protective effects in rats against
paracetamol, thioacetamide [35], and CCL4 toxicity [36]. These
protective effects can be attributed to the known antioxidant
properties of TK [37]. Limonene and phthalides have been shown to
induce detoxifying enzyme glutathione S-transferase in the mouse
liver [38]. The efficacy of TKmay be due to the presence of apigenin,
an active constituent of TK with documented antioxidant activity
[39]. Celery extract was also reported to significantly decrease the
activity of cytochrome P450 in the liver of mice [40]. TK extract also
Fig. 5. Representative photomicrograph (40X) of kidney in the curative protocol; (A) norma
treated (D) TK high dose treated.
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identified to check mucosal inflammation through its inhibitory
effect on prostaglandin production [41].

The exposure of tubular cells to Cisplatin activates signaling
pathways that are cell death-promoting (MAPK, p53, ROS, and so
on). Meanwhile, Cisplatin induces TNF-a production in tubular
cells, which triggers a robust inflammatory response, further
contributing to tubular cell injury and death. Cisplatin may also
induce injury in renal vasculature, leading to ischemic tubular cell
death [5].

The phytochemicals include caffeic acid, chlorogenic acid, apiin,
apigenin, rutaretin, ocimene, bergapten, isopimpinellin umbelli-
ferone, 8-hydroxy-5-methoxy psoralen, and isoimperatorin, etc. are
reported to be found in TK seed [45]. The essential oil, which is
about 3% in seeds contains palmitic acid, stearic acid, oleic acid,
linoleic acid, petroselinic acid, D-limonene, selinene, terpineol, and
santalol [46,47].

Apigenin, a flavone glycoside, has anti-tumour, antioxidant,
anti-viral, and neurogenesis stimulator activities [48]. Caffeic
acid has antioxidant and antitumour activity [49], while chloro-
genic acid has anti-cancer, antioxidant, anti-inflammatory, and
analgesic activity [50e52]. Bergapten, a furanocoumarin has anti-
cancer and anti-psoriatic actions [53,54]. Isopimpinellin has anti-
cancer [55] while Isoimperatorin, cytochrome P-450 inhibitor
activity [56]. The 8-hydroxy-5-methoxy psoralen has a cyto-
chrome P-450 inhibitor and anti-psoriatic activity [57]. The
umbelliferone has anti-inflammatory, analgesic, antioxidant and
neuroprotective activity [58e60].

The essential oil contains palmitic acid, which has antioxidant
and anti-cholesterol actions [61,62], while oleic acid increases
fatty acid oxidation [63]. Linoleic acid has anti-cancer, and anti-
congestive heart failure [64] and stearic acid shows antitumor
and anti-cholesterol activity [62,65]. The D-limonene has anti-
cancer and spasmolytic activity [66,67]. Selinene has anti-
l control (B) Cisplatin control showing infiltration of mononuclear cells (C) TK low dose



Fig. 6. Representative photomicrograph (40X) of kidney in the protective protocol; (A) normal control (B) Cisplatin control showing haemorrhage, tubular dilation and vacuolization
(C) TK low dose treated (D) TK high dose treated.
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microbial [68], and terpineol shows anti-convulsant, antioxidant,
and anti-microbial activity [69e71], while santalol has anti-
tumour activity [72].

The pharmacological actions associated with these chemical
constituents may help to formulate a hypothesis about its neph-
roprotective action. The anti-tumour/anti-cancer activity has been
shown by apigenin, bergapten, caffeic acid, chlorogenic acid, D-
limonene, isopimpinellin, linoleic acid, santalol, and stearic acid. The
antioxidant activity has been shown by apigenin, caffeic acid,
chlorogenic acid, umbelliferone, palmitic acid, and terpineol. Anal-
gesic and anti-inflammatory activity have been shown by chloro-
genic acid and umbelliferone while 8-hydroxy-5-methoxypsoralen
and isopimpinellin have shown p-450 inhibitory activity. The syn-
ergistic effect of all these activities proved to be beneficial to the
injury caused by Cisplatin-induced nephrotoxicity. Apart from the
protective effect, apigenin and other constituents' anti-tumour or
anti-cancer activity provides an additive effect of this drug to be used
as a protective drug in cancer treatment. As far as herbedrug
interaction is concerned, this is to submit that herb has been used
for decades without any adverse event report at the prescribed
doses. Despite this fact, future studiesmay be directed to explore this
critical aspect of herbedrug interaction.

Unani system of medicines is a complementary and alternative
system of medicine. The natural ingredients from plants, minerals,
and animals have been used to manage any ailment or maintain
homeostasis of the body. In the present study, TK was used in
powder formwithout any alteration or extraction. The study results
showed no adverse effects in test group animals as supported by
body weight, feed intake and relative organ weight, and renal
function tests. TK demonstrated a nephroprotective effect against
Cisplatin-induced nephrotoxicity is curative as well as protective
protocol. It is supported by the significant reduction in biochemical
kidney parameters, i.e., creatinine and BUN. The results of this
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study validate the Unani classical claim of its nephroprotective ef-
fects and its use in the management of kidney ailments.

5. Future direction

We are resubmitting the fact that it is a preliminary study and
we have limited proof of our claim only in terms of biochemical
parameters and histopathology. However, exact mechanistic ac-
tivity and comprehensive study may be designed to explore TK's
mode of action. This study may be treated as an initial attempt in
the right direction for safe and effective management through
natural products.

6. Conclusion

It may be concluded that TK's nephroprotective effect was
associated with its ability to improve renal function parameters.
TK's possible mode of action may be increased glomerular filtration
rate resulting in less serum creatinine and maintaining the level of
serum magnesium and potassium. TK also has potent antioxidant
properties and detoxification capacity, which may also be respon-
sible for its protective effect against Cisplatin toxicity. In our view,
these factors cumulatively prevent the inflammatory response and
maintain the kidney's normal functions. The exact mechanism of
action may be explored in a separate comprehensive study. Hence
the present study categorizes TK as a nephroprotective agent and
validates the classical Unani claim about its activity and uses in
renal ailments.
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