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Abstract:
The nephroprotective evaluation of fruits of §emecappus anacardiwm has not been reported so far. It is mostly
evaluated for their anti-inflammatory, hepatoprotective.and anticance®activities. The present study was focused on
the effect of hydroalcoholic extracts ofdS> and@eardium<(HASA) against cisplatin induced nephrotoxicity in mice.
Administration of cisplatin in mice has“esultedin acute ¥enal injury which is evident from the biochemical and
histological studies. Pretreatment Jith highemdosesy(400mg/kg) of HASA significantly reversed the adverse effect of
cisplatin on kidney weight, serulg urea, creatimine andyric acid indicating their nephro-protective effect. HASA
have exhibited significant effect on the, reglifation@f K* ions in cisplatin administered mice. The antioxidant effect of
HASA is evident from Sheir significant effecton CAT, GSH-px and lipid peroxidation activities. The
histopathological studies revédled that HASA hasggood protective effect to overcome the cisplatin induced structural
damages on kidney.
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INTRODUCTION:

End organ toxicity is one of the major contributors in
mortality from non-communicable diseases. Over the
past many years, it has become increasingly obvious
that human kidney is affected by an array of
chemicals. Nephrotoxicity induced renal failures rank
first amongst the common kidney problems affecting
human kind and it mainly occurs due to the over
exposure of a drug or a toxin. It is estimated that
currently, there are over one million people
worldwide who are alive on dialysis or with a
functioning graft. Cisplatin (cis-[Pt(NH3),(Cl),]) is an
important anticancer chemotherapeutic drug used
mainly against the cancers affecting head, neck, lung,
testis, ovary, breast etc and it is well known that the
main dose-limiting side effect of cisplatin is
nephrotoxicity [1]. Even though nephrotoxicity of
cisplatin has been reported since its introduction over
25 years ago, it still remains as a standard prescribed
drug for the treatment of many malignancies [2]. It
has been reported that acute renal injury occurs in
about 21-31.5% of patients receiving cisplatin
containing chemotherapy [3]. Several mechanisms
including renal vasoconstriction, oxidative stress,
inflammatory responses and activation of apoptotic
pathways are involved in cisplatin nephrotoxicity [4].
There is a continuous search for natural renal
protective agents which provide protection against
kidney damage caused by cisplatin. Many. plant
materials have shown apparent anti-nephrotoxic
activity and may provide the basis for strategies
following the adverse effects<of cisplatin. The
medicinal properties of Semecarpus. anacardium L.
belonging to family Anacardiaceae’ has been
mentioned in Susrutha Samhita as well ‘as Charaka
Samhitha. The milk extract of S. anacardium nut was
reported to have significant effect against adjuvant-
induced arthritis, at the dose level of 150mg/kg body
weight in albino Wistar rats [S]. The increased level
of inflammatory cytokines like TNF-e, IL-6 and C-
reactive’ proteins in rats- was significantly brought
down|to normal on treatment»with the nut milk
extract of S. anacardium [6]. The effect of S.
anacardium on carbohydrate metabolism and energy
production 'in diabetic rats was also studied and
reported [7]. Thepresent study is an attempt to screen
the nephroprotective efficacy as well as toxicity
testing of the hydroalcoholic extract of the fruits of
Semecarpus anacardium L. (HASA) in Swiss albino
mice.

MATERIALS AND METHODS:

Preparation of extract:

The fruits of S. anacardium were collected from
Pathanamthitta district, Kerala, dried under shade and
subjected to shodhana process for purification and
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detoxification. The dried fruits of S. anacardium
were first rubbed with brick powder to remove the
acrid toxic principles present in the rind, washed with
warm water and dried in shade [8]. The purified fruits
were pulverized and finely sieved. Weighed quantity
of coarse powders of the drugs was soaked in ethanol
(99.9%) / water (1:1) in a percolator for 24 hrs. The
soluble portion was filtered through a filter paper and
dried on water bath in a weighed evaporating dish.
The extracts were dried under vacuum and stored in
desiccator until use for further.analysis.

Toxicity testing:

Acute oral toxicity study:

The acute oral toxicity study of HASA was carried
out in Swiss Albino ‘mice of either sex. Approval for
the experimental.protocol used for study was made
from the (institutional ‘animal ethical committee.
Animals were housed in poly.propylene cage with
stainless. steel top grill. All the selected animals were
acclimatized for.one week prior to dosing. The mice
were fasted overnight and provided with water ad
libitum., The "oral formulation was prepared with
suspension,. of HASA using 0.5% carboxy methyl
cellulose. It was assessed for single dose acute
toxicity by employing OECD guidelines 425 using
AOT software. The mice were observed for fourteen
days, for general appearance, cage side behaviour
including increased or decreasing motor activity,
convulsions, straub’s reaction, catatonia, muscle
spasm, spasticity, hyperesthesia, muscle relaxation,
arching and rolling, lacrimation, salivation, diarrheal,
writhing movement, mode of respiration and changes
in skin colour etc.

Cell cytotoxicity study:

The cytotoxicity of HASA was tested by MTT assay
according to a standard procedure [9]. The cell lines
used in the study include a malignant cell line—SiHa
and a non-malignant cell line-HEK-293 which were
obtained from National Centre for Cell Sciences
(NCCS), Pune.

Nephroprotective study:

Swiss albino mice weighing 25-30 g body weight
were procured from animal house attached to
Pharmacology laboratory at SDM Centre for research
in Ayurveda and Allied Sciences, Udupi, Karnataka.
Before the experimental study, approval of
Institutional Animal Ethical Committee was taken.

Experimental design:

The animals were grouped into four different
categories as mentioned below.

Group I- Normal control group

Group II- Negative control (Cisplatin 20mg/kg)
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Group III- Test group I (Cisplatin 20mg/kg + HASA
200mg/kg)

Group IV- Test group II (Cisplatin 20mg/kg + HASA
400mg/kg)

For ten consecutive days the group specific drugs
were administered. On eighth day, after an hour of
drug administration a single dose of cisplatin
(20mg/kg body weight) was injected intraperitonially
to all the experimental groups except normal control
group. Then on 10th day, an hour after test drug
administration the animals were sacrificed and blood
was collected from retro-orbital puncture. The blood
was allowed to clot and the serum was separated for
biochemical estimations. The kidney was dissected
out, kept in 10% formalin and used for antioxidant
and histopathological studies.

Assessment of renal function

The serum was separated by centrifugation at 10000
rpm for 10 min and analyzed for the evaluation of
renal function. Renal parameters such as weight of
kidney, serum urea, serum creatinine, serum uric
acid, serum sodium as well as potassium were
estimated [10, 11, 12, 13]. To study oxidative stress,
antioxidant parameters such as catalase activity [14],
glutathione peroxidase activity [15] and lipid
peroxidation [16] were analyzed.

Histopathological studies
Sections of kidney tissue were histopathologically
examined to study the nephroprotective effect of
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slides were examined microscopically for
pathomorphological changes such as glomerular
congestion, glomerular hypercellularity, interstitial
oedema, necrosis, tubular casts and hemorrhage.
Statistical analysis

The experimental data were expressed as Meant
SEM. Statistical analysis was carried out by one way
analysis of variance followed by Dunnet’s T3
multiple comparison test. IBM SPSS Statistics
Version 22 was used for the analysis of data.

Results

Acute oral toxicity studies

Acute toxicity testing of HASAuin Swiss albino mice
at doses of 175 mg/kg, 550. mg/kg and 2000 mg/kg
by oral gavage did not reveal any signs of toxicity.
Fourteen days observational study.also did not reveal
any drug relatedrissues or mortality.. Accordingly, the
acute oral LD50 of the extractives was concluded to
exceed 2000 mg/kg body weight, the highest dose
testedwin the study and hence 1/10™ and 1/5" of
2000mg/kg was selected for the present study.

Cell eytotoxicity studies by MTT assay

The cytotoxicity of HASA was tested against
malignant SiHa cells and non-malignant HEK-293
cells and tabulated (Table 1). Results showed that
HASA exhibits very less cytotoxic activity against
the cell lines studied. The IC 50 value of HASA
against SiHa cells was 648.96ug/ml. In the case of
HEK-293 cells, even the highest tested concentration
(1000 pg/ml) of HASA was not toxic as more than

HASA. The tissues were fixed in 10% formalin and 50% of the cells
processed according to a standard protocol [17]. The
survived at such a higher concentration.
Table 1: Cytotoxic effect of HASA on HEK-293 and SiHA celllines
Concentration of HASA (ug)
Cell lines 10 | 20 o 50 | 100 | 200 | 500 [ 1000
% Viability
HEK 293 | 88.41+2.62 | 82.77£1.86 | 79.81+3.57 | 73.29+4.95 | 67.80+2.44 | 63.86+2.41 | 53.45+6.67
SiHA 80.56+1.51 | 76.38+3.00 | 72.75+3.73 | 64.20+5.18 | 57.73+4.05 | 47.73+3.09 | 43.31+2.47

Nephroprotective studies

To study the protective activity of HASA against
cisplatin induced nephrotoxicity, weight of kidney,
serum urea, creatinine, uric acid as well as serum
electrolytes were estimated (Table 2).

Kidney weight

There is a significant increase in the weight in
cisplatin administered group in comparison to normal
control group. HASA administered at 200mg/kg has
shown an insignificant decrease in kidney weight
while at 400mg/kg has shown considerable

significant decrease in the weight of kidney in
comparison to cisplatin control group.

Serum urea

In cisplatin administered group there was a
remarkable significant increase in the serum urea
level in comparison to the normal control group. The
results indicated that the drug showed a dose
dependent significant reduction in the serum urea
level towards normal range.
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Serum creatinine

In cisplatin administered group there was a
significant increase in the serum creatinine level (3.0
+ 0.19 mg/dl) in comparison to normal control group
(0.7 £ 0.05 mg/dl). HASA administered at a dose of
200mg/kg & 400mg/kg have shown considerable
decrease in the serum creatinine level.

Serum uric acid

The concentration of serum uric acid was increased
significantly by in cisplatin control group when
compared to normal control group. Even though
administration of HASA at both dose levels has
increased the serum uric acid level in treated mice
when comparison to cisplatin control group, the
effect of higher dose alone was statistically
significant.
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Serum sodium and potassium

There was only a small insignificant increase in
serum sodium level in the cisplatin administered
group in comparison to normal control group. Both
doses of HASA administered groups showed a minor
reduction in the serum sodium level when compared
to cisplatin control group and the changes were
statistically insignificant. Serum potassium level was
significantly decreased in the cisplatin administered
group in comparison to normal control group. HASA
has shown dose dependent significant increase in the
serum potassium concentration, when compared to
cisplatin control group:

Table 2: Effect of HASA on changes in the renal parameters

Groups Kidney weight Urea Uricacid Na* K*

(mg) (mg/dl) (mg/dl) (mmol/L) (mmol/L)
Normal Control 318.00 £7.92 40.67 £ 1:58 2.4 0:13 146.00+ 2.26 5.18 £0.26
Cisplatin control 479.00 + 5.68" 133.67 #2.06" 3.63.+0.23" 148.5+1.04 | 3.50+0.24"
HASA 200mg/kg 394.29 £9.79 47.83 £ 2.81%** 2.90£0.22 148.00 £0.89 | 5.03 £0.17*
HASA 400mg/kg 330.00 £+ 10.80%** 4520 + 2.73%%% 1.53+035 147.00 £0.70 | 5.08 £0.14*

Data: MEAN + SEM, "P<0.001 in comparison to normal control group, #P<0.01 in comparison to normal control
group, *P<0.05 in comparison to normal control group, " P<0.001 in Gemparison to cisplatin control group, * P<0.01

in comparison to cisplatin control group, “P<0:05 in comparison to cisplatin control group

In vivo effect of HASA on Kidney tissue oxidative
stress markers

To investigate the antioxidant potential of HASA and
its impact on cisplatin . induced " nephrotoxicity,
oxidative stress enzyme markers such as catalase and
glutathione peroxidase as well as lipid peroxidation
were estimated (Table 3).

The mean concentration of catalase (CAT) in the
kidney tissue of normal control rats was 98.34+1.37
which was significantly. reduced to 16.63+2.48 in
cisplatin treated ‘rats. -.HASA" showed a dose
dependent significant dncrease »in catalase activity
when compared to.the cisplatin control group.
Glutathione peroxidase (GHX-px) concentration in
the kidney tissue of cisplatin control mice was 3.08 +

0.63 pumol/mg protein, whereas in normal control
mice 12.04.+ 0.65 pmol/mg protein, which indicate a
significant reduction in glutathione peroxidase
activity in nephrotoxic animals. Treatment with
higher dose of HASA significantly increased the
level of glutathione peroxidase towards the normal
level.

Malondialdehyde (MDA) levels in kidney tissue,
used as an index of lipid peroxidation was
significantly higher (160.99 + 8.78) in cisplatin
treated group when compared to normal control
group (26.98 * 3.05). Treatment with HASA at both
doses significantly decreased the MDA level when
compared to the cisplatin control group.
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Table 3: Effect of HASA on antioxidant parameters

Catalase Glutathione peroxidase Lipid peroxidation
Groups (uM of H2.02 - (uM .Of GSH . (uM of MDA formed/g
consumed/min/mg oxidized/min/mg protein) .
. wet tissue)
protein)
Normal Control 98.34.£ 1.37 12.04.£ 0.65 26.98 £ 3.05
Cisplatin control 16.63 + 2.48" 3.08 + 0.63" 160.99 + 8.78"
HASA 200 70.84 £ 3.20%* 6.58 + 0.83 42:16 + 1.527
HASA 400 80.18 +2.96** 1222 +2.20° 38.84+4.24

Data: MEAN + SEM, * P<0.001 in comparison to normal control group, ** P<0.01 in comparisonto normal control
group, ~ P<0.001 in comparison to cisplatin control group, = P<0.01 in comparison to cisplatin control group, :

P<0.05 in comparison to cisplatin control group

Histopathological examination of Kidney tissue

Microscopic examination of the kidney sections from
normal control group mice exhibited normal intact
cytoarchitecture in both cortex and medulla.
Glomeruli were numerous and well developed.
Convoluted tubules and their epithelial lining were
normal. Microscopic examination of sections of
kidney from cisplatin only injected control group
showed significant degenerative changes in both
cortex and medulla. Cellularity of the glomeruli was
decreased as well as epithelial lining of convoluted
tubules showed erosion and necrotie® changes.
Oedematous changes were visible in the interstitial
tissue, focal cell infiltration was observed at certain
places, hemorrhage and degenerative changes were

sections of kidney from cisplatin injected and HASA
200 mg/kg dose receiving mice exhibited moderate
protection 1in comparison, to cisplatin only control
group. The " degenerative changes in tubular
epithelium| were less; cell infiltration and interstitial
oedema wereralso less. However, hemorrhage was
observed in few sections. Microscopic examination
of sections of kidney from cisplatin injected and
HASA 400 mg/kg dose receiving mice exhibited
moderate to good protection in comparison to
cisplatin. only control group. The degenerative
changes in tubular epithelium were less; no cell
infiltration could be observed in the scanned section
and interstitial oedema was much less. However,
hemorrhage was observed in few sections.

Fig. 1. Histopathological examinations in the kidney tissue sections of mice
A: Normal control; B: Cisplatin treated; C: HASA 200mg/kg treated; D: HASA 400mg/kg treated
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DISCUSSION:

Toxicity studies:

Acute oral toxicity studies revealed that HASA did
not produce any mortality up to the dose of
2000mg/kg in Swiss albino mice. At the dose level
studied, the drugs did not produce any observable
toxic effect except for mild increase in motor activity,
straub’s reaction, auditory response, irritability and
rearing activity in animals who received the dose
550mg/kg and 2000mg/kg. Thus the study confirmed
that test drugs are safe without any toxic potential
even at the dose of 2000mg/kg in animals. In Vitro
cytotoxicity study of HASA was made against
malignant (SiHa) as well as non-malignant (HEK-
293) cultured cells. The results clearly indicated the
non-cytotoxic nature of HASA against the cell lines
studied. Therefore HASA can be utilized for the
isolation of phytochemicals with potential health
protective effects and can be considered as a safe
drug for other disorders.

Nephroprotective studies:

The present study demonstrated that cisplatin induced
renal injury is evident from the increased kidney
weight, high values of creatinine, urea and uric acid
in serum, elevated concentration of malondialdehyde
(MDA) and decreased level of catalase and
glutathione peroxidase in kidney tissue of ‘the
experimental animals. There are many seports that
weight of kidney increases by the intake of cisplatin
[18, 19]. In agreement with the previous reports, the
present study also revealed thatthere is significant
increase in kidney weight in  cisplatin treated
experimental organisms. Weight gainof the kidney
after cisplatin administrationis possibly.due to_the
renal cell injury caused by inflammation. The higher
dose of HASA has shown significant effect on
reducing the kidney weight in treated animals which
might be due to their anti-inflammatory action.

Increased levels of urea, creatinine and uric acid in
serum is associated< with “renal damage and
considered as_an index of kidney function. Among
these three parameters, creatinine concentration is
prior importance than the levels of urea and uric acid
in the first phaserof any kidney disease [20]. In the
present study, administration of HASA successfully
prevented cisplatin induced renal damage in mice by
significantly reducing the elevated levels of urea,
creatinine and uric acid in serum. The regulation of
electrolytes is extremely important for the
maintenance of body homeostasis and kidney plays
an important role in the regulation of electrolytes.
Higher doses of drugs, toxins, infectious agents,
chemicals etc. can cause kidney damage and
ultimately lead to electrolyte imbalance [21]. The
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concentration of serum sodium did not show a
significant change (only less than 2% increase) in
cisplatin treated group when compared to the normal
group. Similar results, however, have been reported
with respect to changes in serum sodium after
cisplatin treatment [22]. The present study revealed a
significant decrease in potassium level after the
administration of cisplatin. It is previously reported
that hypokalemia, a common electrolyte abnormality
occurred during cisplatin treatment due to increased
renal reabsorption capacity observed in response to
decreased intestinal absorption of potassium [23].
The administration of higher doses of HASA
significantly increased the,potassitm concentration
towards normal values in cisplatin treated groups,
which indicates the potential to overcome potassium
imbalance.

Anti-oxidant activity:

Cisplatin is a potent antitumor drug used in the front-
line therapy against several human malignancies.
Previous reports [24, 25] as well as the present study
confirm that cisplatin administration leads to the
damage of renal proximal tubules which affects the
normal functioning of kidneys. The role of oxidative
stress in cisplatin-induced nephrotoxicity is also
reported by many researchers. Studies have
demonstrated that cisplatin induces the formation of
radical oxygen species in renal epithelial cells
primarily by decreasing the activity of antioxidant
enzymes [26]. It was reported that oxidative stress
upon cisplatin administration is characterized by
increased lipid peroxidation and altered non-
enzymatic and enzymatic antioxidant systems [27].
Previous studies suggested that cisplatin affects the
activities of antioxidant enzymes such as glutathione
peroxidase and catalase [28, 29]. In this study,
oxidative stress induced by the administration of
cisplatin is evidenced by the reduced catalase and
glutathione peroxidase levels as well as increased
lipid peroxidation.

The reduction in the activity of catalase in the
cisplatin treated group results in decreased ability to
scavenge toxic hydrogen peroxide, further
contributing to oxidative stress. HASA at both the
doses showed significant dose dependent increase in
catalase levels showing its capability to protect the
renal parenchyma from chemical induced insult. The
activity of glutathione peroxidase enzyme also got
decreased following cisplatin administration. HASA
showed dose related increase in the glutathione
peroxidase concentration when compared to the
normal control group. Administration of HASA,
normalize the activities of catalase and glutathione
peroxidase enzymes which might be due to the
presence of free radical scavenging activity of
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flavonoids present in these drugs [30, 31]. The
membrane lipid peroxidation, the primary event in
the tissue damage, which was found to be elevated in
cisplatin control group was significantly reduced and
brought towards normal by the administration of both
HASA. This shows the capability of HASA to
reverse the membrane damages induced by cisplatin.
The results clearly indicated the antioxidant potential
of HASA.

Histopathological studies:

The kidney, a vital organ for various metabolic
processes and involved in the removal of many toxic
components, serves as a key area of attack by various
chemical agents including cisplatin. It was reported
that the toxic effect of cisplatin in kidney can be
clearly explained by observing the cytotoxic injury
which ranges from mild sub-lethal variations to
necrotic death [32]. Histopathological studies in mice
kidney after cisplatin administration revealed acute
tubular necrosis which confirms irreversible injury to
kidney [33]. In the present study, the histopathology
of kidney sections from cisplatin control group
revealed necrotic changes in the tubular epithelium,
oedematous changes in the interstitial tissue and focal
cell infiltration. The changes observed in the present
study justify the reports of other researchers [34, 35,
36]. The higher dose of HASA provide moderate.to
good protection by preventing the degenerative
changes in tubular epithelium, cell infiltration and
interstitial oedema.
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