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Abstract

Background: Cyclophosphamide (CP) is one of the most popular alkylating anticancer drugs despite its toxic side effects, including
nephrotoxicity, hematotoxicity, mutagenicity, and immunotoxicity. Capparis spinosa is a multipurpose plant that contains a number
of chemically active and diverse secondary metabolites, particularly flavonoids. Rutin and quercetin are two major flavonoids in the
caper plant.
Objectives: This study was undertaken to investigate the protective effect of Capparis spinosa L. extract on nephrotoxicity induced
by cyclophosphamide in mice.
Methods: In this experimental study, 40 male Swiss albino mice (20 - 25 g) were randomly divided into five groups with each group
consisting of eight mice. Mice were pretreated withC. spinosa extract (CSE) orally in doses of 100, 200 and 400 mg/kg for five consec-
utive days, and CP (200 mg/kg, ip) was administrated on the fifth day 1 hour after the last dose of extract. The animals were sacrificed
on the sixth day. Blood samples were collected to determine the serum creatinine (Cr) and blood urea nitrogen (BUN) levels. The mal-
ondialdehyde (MDA) and glutathione (GSH) levels were assayed in kidney tissue. The right kidney was maintained in 10% formalin
for hematoxylin and eosin staining and histological examination.
Results: Different plant parts (fruit, leaves, and petals) were examined for antioxidant activity by 1,1-diphenyl-2-picrylhydrazyl assay,
and leaf extract was used to determine nephroprotective effects. Results showed a significant increase in the levels of MDA, Cr, and
BUN and a reduction of GSH by CP administration. Pre-treatment with CSE decreased the levels of MDA, Cr, and BUN. GSH increased
in all doses, but the most significant alteration was observed in the doses of 200 and 400 mg/kg (P < 0.05). The nephroprotective
effect of the CSE was confirmed by the histological examination of the kidneys.
Conclusions: Our results indicate that CSE ameliorates biochemical indices and oxidative stress parameters against CP-induced
nephrotoxicity.
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1. Background

Medicinal plants are an important source of new chem-
ical substances with potential therapeutic effects (1-3). The
genus of Capparis spinosa L. is an aromatic plant that orig-
inated from dry regions in West or Central Asia and is
distributed particularly across the Mediterranean basin.
Its fruit, roots, and barks are used for medical purposes.
In traditional medicine, this plant is used as a diuretic
and for the treatment of gout, rheumatism, and liver dis-
ease (4). Previously, the analgesic, anti-inflammatory, anti-
hepatotoxicity, hypolipidemic, and anti-allergic effects of
this plant have been reported (5-9). Research on C. spinosa
reveals the presence of such compounds as alkaloid, lipids,

polyphenols, flavonoids, and glucosinolates (10). It also
has certain flavonoids, such as kaempferol, rutin, and
quercetin (11-13), and thus this plant used as a remedial
source. The medicinal properties of C. Spinosa (caper) are
due to its valuable compounds and antioxidant properties
(14).

Cyclophosphamide (CP) is a well-known bifunctional
alkylating agent that transfers alkyl residues to a covalent
bond with DNA, is widely used in cancer chemotherapy,
and expresses its genotoxicity when metabolically acti-
vated (15). This compound is commonly used for the treat-
ment of various cancers and is an immunosuppressant in
organ transplantation, rheumatoid arthritis, systemic lu-
pus erythematosus, multiple sclerosis, and other benign
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diseases (16). The reactive metabolites of CP chemically
alkylate DNA and protein and produce cross-links, which
are responsible for its cytotoxic effect (17). Using CP also
leads to the production of reactive oxygen species (ROS),
which results in peroxidative damage to the kidney and
other vital organs (18). Studies have reported that CP treat-
ment for non-Hodgkin’s lymphoma leads to the induction
of secondary cancers in bladder and kidney (19). Further-
more, this drug or its metabolites are known to cause acute
inflammation of the urinary bladder and may trigger renal
damage (20, 21).

2. Objectives

This study aimed to evaluate the protective effects of
the hydroalcoholic extract of C. spinosa L. on CP-induced
nephrotoxicity.

3. Methods

3.1. Chemicals

5, 5-Dithiobis (2-nitrobenzoic acid) (DTNB), reduced
glutathione (GSH), trichloro acetic acid (TCA), thiobarbi-
turic acid (TBA), bovine serum albumin (BSA), and Brad-
ford reagent were purchased from sigma-aldrich chemical
company (St. Louis, MO, USA). All chemicals and reagents
used were of analytical grade. CP was purchased from
roche chemical company (Germany).

3.2. Extract Preparation

Fresh and ripe fruits, leaves, and petals of C. spinosa L.
were collected from Khuzestan Province, Iran, in spring of
2015. Samples of the plant were identified by a botanist
from the division of pharmacognosy, Ahvaz Jundishapur
University of Medical Sciences. The plant material was
shade dried, powdered, and soaked in a 70% aqueous
ethanol solution in a large container for 3 days with occa-
sional shaking. The solvent was filtered through a What-
man paper and then removed under vacuum in a rotary
evaporator until dry. The percentage yield was 16% for a
dried hydroalcoholic extract (w/w) (22, 23).

3.3. Radical Scavenging Capacity of CSE by 1,1-Diphenyl-2-
Picrylhydrazyl (DPPH) Assay

The percentage of antioxidant activity (AA%) of each
substance was assessed by DPPH assay. The DPPH rad-
ical scavenging activity was measured according to the
method described by Brand-Williams et al. (24). The
samples were reacted with the stable DPPH radical in an
ethanol solution. The reaction mixture consisted of 0.5 mL
of the sample, 3 mL of absolute ethanol, and 0.3 mL of the

DPPH radical solution in 0.5 mM ethanol. DPPH is reduced
when it reacts with an antioxidant compound, which can
donate hydrogen. The changes in color (from deep violet to
light yellow) were read [(Absorbance) Abs)] at 517 nm after
100 minutes of reaction using an ultraviolet-visible spec-
trophotometer (DU 800; Beckman Coulter, Fullerton, CA,
USA). The mixture of ethanol (3.3 mL) and the sample (0.5
mL) served as blank. The control solution was prepared by
mixing ethanol (3.5 mL) and the DPPH radical solution (0.3
mL). AA% was determined according to Mensor et al. (25).

3.4. Animals

Male Swiss albino mice (6 - 8 weeks old, 20 - 25 g)
were obtained from the animal house of Ahvaz Jundisha-
pur University of Medical Science, Iran. Mice were kept
in polypropylene cages and given standard rat chow and
drinking water ad libitum. The animals were maintained
at a controlled temperature (20± 2°C) with a 12 hour light:
12 hour dark cycle. The animals were acclimated to the
environment for a minimum of one week prior to inclu-
sion in the experiment. The investigation was conducted
according to the animal ethics committee guidelines for
the use of experimental animals (ethics approval number:
1384.10.23)

3.5. Experimental Design

The animals were divided in to five groups with each
group consisting of eight mice. As the negative control
group, Group 1 received normal saline for five days; group 2
received CP (200 mg/kg, ip) (26) as the positive control only
on the fifth day; groups 3 - 5 receivedC. spinosa extract (CSE)
orally in doses of 100, 200 and 400 mg/kg, respectively, on
five days and CP (200 mg/kg, ip) on the fifth day 1 hour after
the last dose of extract administration.

3.6. Sample Collection

On the sixth day, 24 hours after the last administra-
tion, the animals were anaesthetized with diethyl ether,
and blood samples were collected from the jugular vein.
Serum was separated by centrifugation for 10 min at 3000
rpm and stored at -20 °C until analysis. Then, the animals
were sacrificed by decapitation, and the kidneys were iso-
lated and quickly washed with saline. For the histological
examination, the right kidney was fixed in 10% phosphate-
buffered formalin.

The left kidney was weighed and homogenized (1/10
w/v) in ice-cold Tris-HCl buffer (0.1M, pH 7.4). Protein con-
tent in the homogenates was measured by the method of
Bradford (27) using crystalline BSA as standard.
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3.7. Serum Analysis

Creatinine (Cr) and blood urine nitrogen (BUN) levels
were measured using the RA-XT (automated) biochemical
analyzer with their respective test kits (Technicon, Bayer
S.A. Diagnostic).

3.8. GSH Assay

The levels of GSH in the tissue homogenate was mea-
sured following the method described by Ellman (28)
based on the formation of a yellow colored complex with
Ellman’s Reagent (DTNB). The homogenates were immedi-
ately precipitated with 0.1 mL of 25% TCA, and the precip-
itate was removed after centrifugation. Free endogenous-
SH was assayed in a 3 mL volume glass with the addition of
2 mL of 0.5 mM DTNB prepared in 0.2 M phosphate buffer
(pH = 8) to 0.1 mL of the supernatant. The yellow color that
developed was read at 412 nm using a spectrophotometer
(UV-1650 PC, Shimadzu, Japan). GSH content was expressed
as nmol/mg protein.

3.9. Lipid Peroxidation Assay

Lipid peroxidation was expressed by measuring the
amounts of malondialdehyde (MDA) through the TBA
color reaction by the modified method of Buege and Aust
(29). Briefly, 0.5 mL of kidney homogenate was mixed with
2.5 ml of TCA (10%, w/v). The samples were centrifuged at
1500 g for 10 minutes, and 2 mL of each sample supernatant
was transferred to a test tube containing 1 mL of TBA solu-
tion (0.67%, w/v). The mixture was kept in boiling water for
10 minutes, forming a pink color solution. The mixture was
then cooled immediately, and absorbance was measured
at 532 nm by a spectrophotometer (UV-1650 PC, Shimadzu,
Japan). The concentration of MDA was calculated on the ba-
sis of the absorbance coefficient of the TBA-MDA complex
(ε = 1.56 × 105 cm-1 M-1), and it was expressed as nmol/mg
protein.

3.10. Histopathological Assessments

For the histological examination, the kidneys were
fixed in 10% formalin for at least 24 hours. Then, kid-
ney tissues were dehydrated with a sequence of ethanol
solutions, embedded in paraffin, cut into 5 µm sections,
and stained with hematoxylin and eosin dye (H & E stain).
These sections were then examined under a photomicro-
scope for the presence of necrosis, edema, hemorrhage,
tubular degeneration, mononuclear/polymorphonuclear
cell infiltration, and narrowing of Bowman’s capsule space
(30).

3.11. Statistical Analysis

The results were expressed as mean± SD, and all statis-
tical comparisons were made by the one-way ANOVA test
and Tukey’s post hoc analysis. A P value less than 0.05 was
considered significant.

4. Results

The results of the antioxidant activities assay showed
that the leaf extract had the lowest IC50 (61.55 µg/mL), fol-
lowed by the petal extract (85.76 µg/mL) and the fruit ex-
tract (100.19 µg/mL). The leaf extract was chosen to evalu-
ate the nephroprotective effects because of its low IC50.

Exactly 24 hours after CP administration, the mice de-
veloped severe nephrotoxicity, which was reflected by the
significant increase (P < 005) in the BUN and Cr levels (Ta-
ble 1). Pre-treated groups with CSE showed a decrease in the
BUN and Cr levels in all doses, but the levels significantly
decreased in the 400 mg/kg dose.

Table 2 shows the effect of CP and CSE pretreatment on
the MDA and GSH levels in kidney tissue. The results clearly
revealed that CP intoxication resulted in a marked increase
in the amount of MDA in rats (P < 0.05). On the contrary,
pre-treatment with CSE caused a diminished level of MDA
compared with the CP group. Clearly, CP exposure resulted
in the reduction of reduced GSH levels in kidney tissue. CSE
pre-treatment increased the levels of reduced GSH levels in
a dose-dependent manner.

The histopathological study of the kidneys in the neg-
ative control group showed a normal architecture. In
this group, the structure of glomerular was clear, capsu-
lar space was small, the structure of the epithelial cells
in the proximal convoluted and distal convoluted tubules
was normal, and the boundaries of the visceral and pari-
etal layers of the renal capsule were clear (Figure 1A). In
the CP-intoxicated group, the glomerular were atrophied
and disintegrated, the capsular spaces clearly widened, the
visceral and parietal layers of the renal capsule were de-
stroyed with some even disappearing, the epithelial cells
in the proximal convoluted and distal convoluted tubules
were swollen with some epithelial cells having vacuoliza-
tion, the structure of the epithelial cells was unclear, and
some cell fragments were found in the tubules (Figure 1B).

Pre-treatment with the CSE at the doses of 200 and
400 mg/kg showed considerable improvement in the prox-
imal and distal convoluted tubules (Figure 1D, E). The atro-
phy degree of glomeruli decreased, the capsular space was
smaller in comparison with that of the CP-treated group
(positive control), the boundaries of the visceral and pari-
etal layers of the renal capsule were clear, the epithelial
cells in the proximal convoluted and distal convoluted
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Table 1. Effects of pretreatment with Capparis spinosa extract (CSE) on the serum levels of creatinine (Cr) and BUN in cyclophosphamide (CP)-induced nephrotoxicity

Groups BUN(mg/dL) Cr (mg/dL)

Normal saline 13.58 ± 2.31 0.40 ±0.14

CP (200 mg/kg) 20.32 ± 4.91a 0.66 ± 0.07a

CSE 100 mg/kg + CP (200 mg/kg) 18.78 ± 1.86a 0.57 ±0.0a

CSE 200 mg/kg + CP (200 mg/kg) 17.33 ± 5.07 0.53 ± 0.08

CSE 400 mg/kg + CP (200 mg/kg) 14.67 ± 3.91b 0.50 ± 0.07b

All values are expressed as mean±SD of six mice in each group.
aSignificantly different with normal saline at P < 0.05.
bSignificantly different with CP at P < 0.05.

Table 2. Effects of pretreatment with Capparis spinosa extract (CSE) on tissue MDA and GSH levels in cyclophosphamide (CP)-induced nephrotoxicity

Groups MDA (nmol/mg protein) GSH (nmol/mg protein)

Normal saline 1.56 ± 0.06 6.66 ±0.77

CP (200 mg/kg) 2.23 ± 0.08a 2.84 ± 0.23a

CSE 100 mg/kg + CP (200 mg/kg) 2.10 ± 0.13a 3.14 ±0.45a

CSE 200 mg/kg + CP (200 mg/kg) 1.88 ± 0.07a , b 4.87 ±0.75a , b

CSE 400 mg/kg + CP (200 mg/kg) 1.73 ± 0.07a , b 5.99 ± 0.78b

All values are expressed as mean±SD of six mice in each group.
aSignificantly different with normal saline at P < 0.05.
bSignificantly different with CP at P < 0.05.

tubules were slightly swollen, and cell fragments were vis-
ible in some tubules.

5. Discussion

Kidneys play a principal role in the excretion of
metabolic wastes and in the regulation of extracellular
fluid volume, electrolyte composition, and acid–base bal-
ance (31). Toxic effects on the kidneys related to medica-
tions are both common and expected, and can disrupt any
or all of these functions (32). A wide variety of drugs, en-
vironmental chemicals, and metals constitute important
causes of acute renal failure and chronic kidney disease (33,
34). Nephrotoxicity due to CP has been well documented in
both humans and animals (35).

CP leads to the toxicity of renal cells because of its toxic
metabolites. The two active metabolites of CP is phospho-
ramide mustard (PAM) and acrolein (ACR). CP antineoplas-
tic effects are associated with PAM, and ACR is responsible
for its toxic side effects (36).

ACR causes cellular damage after binding with GSH
and reduces its level in the cell. It impairs the GSH-
dependent antioxidant system and increases free radical
generation (37). ACR interferes with the tissue antioxidant

defense system and results in the necrosis of tubular ep-
ithelial cells (38-40). Antioxidant agents detoxify the toxic
effect of ACR.

Therefore, understanding the role played by antioxi-
dants agents during drug-mediated toxicity is important
to determine if they have a protective effect against oxida-
tive stress induced by reactive intermediates (41, 42).

C. spinosa is a multipurpose plant that contains a num-
ber of chemically active and diverse secondary metabo-
lites, particularly flavonoids. Rutin and quercetin are two
major flavonoids in the caper plant. Moghaddasian et al.
developed an HPLC method for the simultaneous determi-
nation of rutin and quercetin contents in different parts of
C. spinosa at the floral budding stage.

The highest amount of rutin (25.82 mg/g) and
quercetin (10.4 mg/g) was measured in the leaf of the
caper plant (13). The significant amounts of these antiox-
idants confirmed the nutritional and medicinal value of
caper. Ramezani et al. showed that the amounts of rutin in
the leaves, fruits, and flowers of C. spinosa that grow wild
in Khuzestan, Iran, were 61.09, 6.03 and 43.72 mg per 100 g
of dried powder, respectively (12).

The results of our study showed that the leaf, petal, and
fruit extracts of C. spinosa have the highest antioxidant ac-
tivities, respectively.

4 Jundishapur J Nat Pharm Prod. 2016; 11(4):e37240.

http://jjnpp.com/


Kalantar M et al.

Figure 1. Histopathological observations (kidney sections stained with H&E, magnification x 100) showing the effects of CSE on CP-induced nephrotoxicity changes in mouse
kidney. (A) Normal, (B) CP-treated group, (C), (D), and (E) are CP group pre-treated with 100, 200 and 400 mg/kg of CSE, respectively.

C. spinosa has been reported to possess profound anti-
inflammatory and antioxidant activities. Furthermore, it
protects against several models of oxidative stress (6, 43).
These properties motivate us to examine the protective ef-
fects of this extract in nephrotoxicity induced by CP.

In a similar study, Ayhanci et al. investigated the pro-
tective effects of seleno L-methionine (SLM) in nephrotox-
icity induced by CP. They reported that intraperitoneal in-
jection of SLM for six days restored the GSH values close to
the control group, and further microscopic observations
confirmed their work (44).

Lavin et al. investigated the adverse effects of CP on
various organs in rats. They reported that a single dose of
CP (200 mg/kg, intraperitoneal) caused the necrosis of the
tubular epithelium in the experimental animals (38).

BUN and Cr are two of the conventional test indices
for kidney functions and renal structural integrity. In our
study, increased Cr and BUN levels in the CP-treated mice
showed renal toxicity. This elevation in the Cr and BUN lev-
els could be due to the destruction generated in the kidney
tubules established by the marked changes in kidney tis-
sues in comparison with the control group.

Pre-treatment with CSE significantly decreased the
BUN and Cr levels in the CP-treated mice.

MDA is one of the most common markers of lipid per-
oxidation. Lipid peroxidation is a well-known mechanism
of cellular injury in the human body. MDA is an extremely
reactive three-carbon dialdehyde and the main oxidative
degradation product of a membrane unsaturated fatty
acid because of its toxic attributes. As CP toxicity causes
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reactive oxygen metabolites in many tissues, specifically
those of kidneys, measuring the MDA level is valuable in
the diagnosis of CP-induced toxicity.

In the present study, CSE pre-treatment significantly
decreased MDA formation because of ROS in mice treated
with CP. Pre-treatment with CSE restored the MDA level.
This finding suggests that CSE may be successful in quench-
ing free radicals, thus inhibiting LPO and protecting
against membrane damage from oxidative damage in
mice. Our results are consistent with those of some stud-
ies indicating CP intoxication, significant depletion of the
GSH level, and significant increase in the MDA, BUN, and Cr
levels, thus corroborating the state of oxidative stress (20,
45-47).

Furthermore, the protective effects of CSE were con-
firmed by the histopathological examination of the kid-
neys. Considerable improvement in the proximal and dis-
tal convoluted tubules and atrophy of the glomerular in
pretreated groups were found. Our results demonstrate
that the protective effects of CSE are dose dependent as the
best results were observed in the doses of 200 and 400
mg/kg. We believe that this protective effect may be me-
diated by the antioxidant and GSH preservation effects of
CSE. In conclusion, the results of the present study indicate
that the hydroalcoholic extract of C. spinosa has protective
effects against CP-induced nephrotoxicity in mice.
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