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A B S T R A C T

Capparis spinosa, Capparidaceae, is largely distributed all over the Mediterranean Basin and is
traditionally used to treat many illnesses, such as liver and kidney diseases. The aim of the current study
was to explore the antioxidant, nephroprotective and hepatoprotective effects of methanolic extract of
Capparis spinosa leaves (MECS) associated with its phytochemical content. The levels of total phenolics,
flavonoids and condensed tannins were 23.37 mg GAE/g, 9.05 mg QE/g and 9.35 mg TAE/g, respectively.
HPLC analysis revealed nine compounds, namely rutin, resveratrol, coumarin, epicatechin, luteolin,
catechin, kaempferol, vanillic acid and gallic acid. The MECS showed interesting antioxidant capacity. The
MECS-treatment significantly reduced the increased plasma levels of creatinine, urea and uric acid,
reduced the elevated MDA levels, significantly reduced the antioxidant enzyme activities and restored
the kidney damage, provoked by cisplatin-treatment. Furthermore, MECS-treatment significantly
prevented the increase in serum ALT, AST and LDH levels in acute liver damage induced by CCl4, decreased
the amount of hepatic malondialdehyde (MDA) formation and elevated the activities of SOD, CAT and
GPx, and restored liver injury. This study supports the traditionally use of C. spinosa to cure kidney and
liver diseases. The obtained results highlighted the possible use of C. spinosa as a source of phytochemical
with important biological advantages.

© 2016 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Kidneys perform numerous essential functions, such as
removing waste products from the blood and regulating the water
fluid levels. Currently, nephropathy remained as a major health
problem worldwide. Indeed, long term uses of drugs, like
analgesics or chemotherapeutics, and many diseases, like diabetes
mellitus and hypertension, are the main causes of nephropathy
[1,2]. Liver is an organ that has a range of vital functions in
biotransformation (glycolysis, lipid and amino acid metabolism)
and detoxification of damaging substances (like drug metabolism).
Indeed, liver injuries have become one of the most serious health
problems and the available synthetic drugs (interferon and
corticosteroids) are expensive and may cause additional damage
[3].
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In the folk medicine, plants are used in the treatment of many
diseases, such as nephropathy and hepatotoxicity [4,5]. Nowadays,
medicinal plants and their extracts have been extensively used in
animal disease prevention. Many researchers have reported that
natural biomolecules, such as phenolic compounds, carotenoids,
polysaccharides, were efficient in inhibiting reactive oxygen
species induced organ pathologies [6]. Furthermore, there is an
increasing preference for natural antioxidant rather than synthetic
molecules because of the safety of the natural sources.

The genus Capparis includes about 250 species. The taxonomic
classification is primarily based on morphological characters such
as presence/absence of spines, leaf shape, and flowers [7]. It is
largely used in the Mediterranean regions and recognized under
different names, e.g. Caper (English), Kabbar (Arab), and Alcaparro
(Spain). The different part of the caper plant (roots, leaves, buds,
fruit, bark and seeds) are exploited around the world and since
ancient times for medicinal purposes [8–10]. Capparis spinosa L. is a
characteristic for the Mediterranean countries. It is a very good
sources of unsaponifiable matter (sterols, aliphatic and triterpenic
alcohols), carotenoids, tocopherols, and phenolic compounds [11],
 Sciences from ClinicalKey.com by Elsevier on May 18, 2019.
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which are recognized by diverse biological activities (antioxidant,
antimicrobial, anti-cancer). Capparis have been traditionally used
or are still being used as kidney disinfectants and for recovering
liver roles [8,9,12–14]. Moreover, leaves of C. spinosa is used to
prepare Liv-52, which is employed to treat alcoholic liver disease,
viral hepatitis, and liver cirrhosis [15–17]. Furthermore, Sher and
Alyemeni [18] have reported that leaves of C. spinsa were
traditionally used for the removal of kidney stone. The present
work was undertaken to evaluate the hepatoprotective and the
nephroprotective effects of C. spinosa leaf extracts in concordance
with its traditional practice to treat many diseases such as liver and
kidney disorders. The preliminary phytochemical analysis together
with the in vitro antioxidant capacity of the extract was also
realized.

2. Material and methods

2.1. Plant materials

Leaves of Capparis spinosa var. spinosa (C. spinosa) were
harvested from, Gafsa, Tunisia, during the month of June 2014.
The species were identified by Dr. Abdelhamid Khaldi National
Institute for Research in Rural Engineering Water and Forests
(INRGREF) and voucher specimens (VS1-CS 2014) were deposited
in the herbarium of the INRGREF-Tunisia. Samples were cleaned,
washed with water, dried in the dark and after that ground into a
fine powder.

2.2. Animals

Healthy adult male Albino rats (180–250 g) were provided from
Pasteur institute. The animals were housed in plastic cage under
controlled temperature (24 � 2 �C), 12-h light/dark cycle and
55 � 5% relative humidity. The rats were kept in the laboratory
(Faculty of Sciences, Gafsa, Tunisia) for one week before the
experimental work with free access to standard laboratory food
(SNA �Sfax) and water ad-libitum. Animals were treated according
to its guidelines and to Medical Ethics Committee for the Care and
Use of Laboratory Animals of the Pasteur Institute of Tunis, Tunisia
(approval number: FST/LNFP/Pro 152012). We tried our best to
minimize the animal’s pain and the number of rats.

2.3. Phytochemical screening

2.3.1. Methanolic extracts
The powder (1 g) was extracted with methanol (10 ml) for

3 days and the obtained extract was filtered (Whatman no.1). The
residue was more time extracted and filtered. The final solution
was concentrated for additional analysis.

2.3.2. Total phenolic content
Total phenol level was determined using Folin-Ciocalteu

method. To 200 ml of methanolic solution we added 1 ml Folin-
Ciocalteu reagent. After 5 min in the dark we added 0.8 ml of
sodium carbonate 7%. Finally, the absorbance was read at 760 nm
after 30 min in the darkness. Total phenolics were calculated using
a gallic acid standard curve (concentration range: 50–200 mg/ml).
Total phenolic content is expressed as mg gallic acid equivalents
per g dry weight (mg GAE/g DW).

2.3.3. Total flavonoid contents
500 ml of methanolic extract was mixed with 1500 ml of

distilled water. At t = 0 we added 75 ml of NaNO2 (7%), then we
added 75 ml of AlCl3 (10%) after 5 min and at 6 min we added 500 ml
of NaOH (1N) and 250 ml of distilled water, respectively [19]. The
absorbance was read at 510 nm after incubation for 15 min at room
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temperature. Total flavonoids were estimated using quercetin
standard curve (concentration range: 100–750 mg/ml). Results are
expressed in milligrams of quercetin equivalent (QE) per gram dry
weight (mg QE/g DW).

2.3.4. HPLC analysis
HPLC analyses were performed using a Varian Prostar HPL

equipped with a ternary pump (model Prostar 230) and a Prostar
330 diode array detector. The HPLC separation was carried out on
C-18 reverse phase HPLC column (Varian, 150 mm � 4.6 mm,
particle size 5 mm) on an elution gradient at 25� C. Two phases
system were used as follows: mobile phase A, pure methanol, and
mobile phase B was acetic acid aqueous solution (0.05%). Gradient
conditions were: first 35% A and 65% B, followed by 30 min 50% A
and 50% B, followed by 40 min 90% A and 10% B. The flow rate was
maintained at 1 ml/min and 20 ml of sample was injected. The
detected compounds were recognized by comparing their reten-
tion times with those of commercially standards analyzed under
the same conditions.

2.4. Antioxidant activities

2.4.1. Scavenging ability towards DPPH radical (DPPH assay)
The scavenging ability of methanolic extracts on DPPH radical

was estimated as reported by Tlili et al. [19] with few
modifications. To 2 ml of methanolic solution of DPPH (0.2 mM)
we added 0.5 ml of the methanolic extract. The absorbance was
read at 517 nm after incubation for 30 min in the dark at room
temperature.

2.4.2. Hydrogen peroxide scavenging activity
Scavenging activity of hydrogen peroxide by C. spinosa leaves

extract was determined by the method of Ruch et al. [20]. Various
concentration of plant extract in distilled water was mixed with
1.2 ml of H2O2 solution (0.1 M) prepared in phosphate buffer (pH
7.4). After incubation for 10 min the absorbance was read at 230 nm
against phosphate buffer as blank.

2.5. Nephroprotective and hepatoprotective activities

2.5.1. Acute toxicity study
Capparis spinosa extract (MECS) in olive oil was administered

orally to the animals at 50, 150, 200 and 300 mg/kg body weight
(bw) dose. Rats were carefully controlled for any toxicological
symptoms at 30 min and then 4, 12, 24 and 48 h.

2.5.2. Experimental plan of the CCl4-induced liver and cisplatin
induced kidney injuries

The animals were separated into six groups (n = 6): (1) control
(olive oil); (2) MECS: C. spinosa leaf extract (200 mg/kg in olive oil);
(3) CCl4: carbon tetrachloride (50 ml/kg in olive oil) [21]; (4)
CCl4 + MECS: CCl4 (50 ml/kg in olive oil) + C. spinosa leaf extract
(200 mg/kg in olive oil). (5) Cisplatin: cisplatin (13 mg/kg in olive
oil) [22]; (6) Cisplatin +MECS: cisplatin (13 mg/kg in olive oil) + C.
spinosa leaf extract (200 mg/kg in olive oil).

The CCl4 and cisplatin was administered by gastric gavage twice
a week (on every Tuesday and Thursday) for 8 weeks. Pre-
treatment with MECS was realized 7 days before CCl4 or cisplatin
exposure and daily thereafter throughout the study. The rats were
sacrificed at the end of 8 weeks and 24 h after the last dose of CCl4
and cisplatin.

2.5.3. Preparation of serum and hepatic and renal tissue samples
The blood samples were drawn by cardiac puncture and

centrifuged at 3000g for 10 min. The serum was stored in the fridge
at–20 �C for subse-quent analysis. Kidney and liver tissues were
al Sciences from ClinicalKey.com by Elsevier on May 18, 2019.
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cautiously removed (cleaning the extraneous tissues) and washed
with ice-cold normal saline in the order to clear away blood
thoroughly, and then refrigerated at �80 �C and then used for
future assays.

2.5.4. Serum markers of liver and kidney damage
The levels of serum alanine aminotransferase (ALT), aspartate

aminotransferase (AST), lactate dehydrogenase (LDH), cholesterol,
triglyceride, uric acid, urea and creatinine, were determined using
commercial kits according to the manufacturer’s directions.

2.5.5. Measurement of MDA, SOD, CAT and GPX in liver and kidney
homogenate

The kidney and liver tissue were homogenated using an
automatic homogenizer: 0.5 g of each tissue was homogenated
in 9-fold (w/v) cold normal saline, and centrifuged at 2000g for
10 min then we used the supernatant for the MDA, SOD, CAT and
GPX assays.

2.5.5.1. Estimation of lipid peroxidation in kidney and liver
tissue. The degree of lipid peroxidation was determined
colorimetrically using the method of Draper and Hadley [23]. A
mixture of 100 ml of trichloroacetic acid (TCA, 5%) and 100 ml of
extract was centrifuged at 4000g for 10 min. 100 ml of the
supernatants were incubated for 15 min with 200 ml of
thiobarbituric acid reagent (TBA, 0.67%) on a boiling water bath.
The absorbance was measured at 530 nm and was proportional to
the amount of TBARS formed. The MDA values were calculated
using 1,1,3,3-tetraethoxypropane as the standard and expressed as
nanomoles of MDA equivalents per gram of tissue (nmol MDA
equivalents/g tissue).

2.5.5.2. Determination of kidney and liver enzymatic antioxidant
activities. Total SOD activity, which expressed as Units per
milligram of protein, was determined by measuring the
inhibition of pyrogallol activity [24]. One unit (U) corresponded
to the enzyme activity necessary to inhibit the oxidation of half of
the pyrogallol.

Catalase (CAT) activity was measured using hydrogen peroxide
(H2O2) as substrate [25]. H2O2 degradation was accompanied by a
decrease in absorbance and it was checked spectrophotometrically
at 240 nm for 1 min and the enzyme activity was expressed as
mmol H2O2 consumed per minute per milligram of protein.
Table 1
The phytochemicals composition and the antioxidant capacity of methanolic extract of

Phytochemical composition

Total phenolic compounds (mg of gallic acid/g of dry weight; mg GAE/g DW) 

Total flavonoids (mg of quercetin/g of dry weight; mg QE/g DW) 

Individual phenolics (mg/100 g dry weight; mg/100 g DW)
Rutin 

Resveratrol 

Coumarin 

Epicatechin 

Luteolin 

Catechin 

Kaempferol 

Vanillic acid 

Gallic acid 

Antioxidant activity
DPPH-Samples (EC50,mg/ml) 

DPPH-Vitamin C (EC50,mg/ml) 

H2O2 scavenging activity-Samples (EC50, mg/ml) 

H2O2 scavenging activity- Vitamin C (EC50, mg/ml) 
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GPx activity was estimated according to the method described
by Flohe and Gunzler [26]. The activity was expressed as nmoles of
GSH oxidized per minute per milligram of protein.

2.5.6. Determination of the protein concentration
Protein concentration was estimated using Bradford method

(BCA Protein Assay Kit, Pierce Biotechnology Inc., Rockford, USA)
and bovine serum albumin was used as standard.

2.5.7. Histopathological examinations
A portion tissue obtained from kidney and liver was preserved

in 4% buffered paraformaldehyde phosphate solution, and then
embedded in paraffin. The paraffin blocks were sliced into 4–6 mm
sections and stained with hematoxylin-eosin (H&E). The histologi-
cal changes of liver were evaluated and scored according to the
following criteria: 0, minimal or no evidence of injury; 1, mild
injury characterized by cytoplasmic vacuolation and focal nuclear
pyknosis; 2, moderate to severe injury characterized by extensive
nuclear pyknosis, cytoplasmic hypereosinophilia, and loss of
intercellular borders; and 3, severe characterized by necrosis with
disintegration of hepatic cords, hemorrhage, and neutrophil
infiltration [27]. The histopathological alterations of kidney were
scored by the semi-quantitative percentage of damaged area as
follows: 0, none; 0.5, <10%; 1,10–25%; 2, 25–50%; 3, 50–70%; and 4,
>75% [28]. Finally, the sample was analyzed by assessing the
morphological changes under a light microscope.

2.6. Statistical analysis

Results were expressed as mean � standard deviation (mean �
SD). To calculate the significant differences we used one-way
analysis of variance (ANOVA), followed by Tukey’s test to correct
for multiple comparisons with acceptable statistical level of
significance set to 0.05.

3. Results

3.1. Phenolic contents

Phenolic compounds are a vast group of bioactive molecules
largely presented in plants and the main responsible for its
antioxidant activity. Spectrophotometric methods were used for
initial screening of total phenolics levels (Table 1), before using
 Capparis spinosa leaves.

23.37 � 0.40
9.05 � 0.27

396.19 (35.78%)
235.31 (21.25%)
132.91 (12.00%)
128.11 (11.57%)
77.63 (7.01%)
56.47 (5.10%)
40.23 (3.63%)
26.74 (2.41%)
13.66 (1.23%)

43.031 � 1.24
29.31 � 0.99
81.21 � 1.28
75.8 � 1.15
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Table 2
Protective effect of methanolic extract of C. spinosa on cisplatin-induced kidney toxicity.

Renal Biochemical Markers Lipid peroxidation Antioxidant enzyme activities

Creatinine (mg/
dL)

Urea (mg/dL) Uric acid (mg/
dL)

TBARS (nmol MDA equivalents/g
tissue)

SOD (U/mg
protein)

CAT (U/mg
protein)

GPx (U/mg protein)

Control 0.54 � 0.02 44.22 � 0.56 4 � 0.1 116.2 � 1.82 26.31 � 1.94 31.13 � 1.01 53.93 � 2.16
MECS 0.53 � 0.02 42.76 � 1.8 4.19 � 0.28 113.6 � 0.9 27.48 � 1.61 29.17 � 1.24 51.46 � 1.15
Cisplatin 0.74 � 0.02*** 53.44 � 0.91*** 5.41 � 0.27*** 131.5 � 1.91*** 16 � 1.95*** 23.40 � 1.18*** 46.30 � 0.76***

Cisplatin + MECS 0.64 � 0.03+++ 39.34 � 2.27++ 3.65 � 0.29++ 121.6 � 1.24+++ 28.34 � 0.93+++ 26.85 � 0.97++ 50.21 � 1.06++

Values were expressed as the mean � SD (n = 6). ***: cisplatin group versus control group (p < 0.001). ++ and +++: Cisplatin + MECS group versus Cisplatin group (p < 0.01 and
p < 0.001, respectively).

174 N. Tlili et al. / Biomedicine & Pharmacotherapy 87 (2017) 171–179
HPLC for a detailed chemical analysis (Table 1). The total phenolic
compound content in methanol extract was 23.37 � 0.40 mg GAE/g
DW of dry weight. The flavonoids content was 9.05 � 0.27 mg QE/g
DW. Using HPLC-analysis, nine compounds were identified, among
them rutin, resveratrol, coummarin, and epicatechin were the
predominant with 396.19 mg/100 g DW (ca. 36%), 235.31 mg/100 g
DW (ca. 21%), 132.91 mg/100 g DW (ca. 12%) and 128.11 mg/100 g
DW (12%), respectively. The levels of luteolin, catechin
and kaempferol were also important (77.63, 56.47, and
40.23 mg/100 g, respectively). The low levels were obtained
with vanillic acid and gallic acid (26.74 mg/100 g DW and
13.66 mg/100 g DW, respectively). It is important to brought
attention that many peaks remained unidentified; these peaks
could offer useful information to better confirm the medicinal
value of C. spinosa.

3.2. Antioxidant activities

In the current work, the antioxidant capacity of C. spinosa leaf
samples was estimated by two methods: DPPH radical-scavenging
activity and H2O2 radical-scavenging activity (Table 1).

H2O2 generates free radicals that can attack biological
molecules and disturb the membrane organization [29]. The use
of peroxide scavenging assay showed that the value of antioxidant
activity was 81.21 mg/ml. Using the DPPH assay the EC50 was ca.
43 mg/ml. These values were similar to those obtained with
vitamin C (ca. 29 mg/ml and ca. 75 mg/ml, for DPPH assay and H2O2

scavenging assay, respectively). The used tests in this study
supported the scavenger ability of MECS for different free radicals.

3.3. Acute toxicity

Administration of the sample extract up to a dose of 200 mg/kg,
the selected dose for the treatment, did not result in mortality or
changes in the comportment of the animals. Thus, there is no
evidence of acute toxicity of C. spinosa methanolic extract (MECS)
in rats.

3.4. Nephroprotective activity

3.4.1. Effects of MECS on biochemical parameters
Results presented in Table 2 revealed that the cisplatin-

treatment induced a significant increase in plasma creatinine
level (0.74 mg/dL), urea (53.44 mg/dL) and urcic acid (5.41 mg/dL)
as compared to control values (0.54 mg/dL, 44.22 mg/dL and 4 mg/
dL, for creatinine, urea and urcic acid, respectively). Treatment
with MECS showed marked decrease of these renal biochemical
parameters (0.64 mg/dL, 39.34 mg/dL and 3.65 mg/dL, for creati-
nine, urea and urcic acid, respectively), that became near normal
values. It is important to note that no significant differences in
these biomarkers were observed between control and animals
given MECS.
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3.4.2. Effects of MECS on lipid peroxidation, SOD, CAT and GPx activity
Table 2 showed that treatment of rats with cisplain provoked

significant increases of renal lipid peroxidation level (131.5 nmol
MDA equivalents/g tissue) as compared with the control group
(116.2 nmol MDA equivalents/g tissue). However, MECS-treatment
reduced the lipid peroxidation level to 121.6 nmol MDA equiv-
alents/g tissue. Table 2 presented also the effects of cisplatin on the
activity of the antioxidant enzymes (SOD, CAT and GPx). It was
remarkable that cisplatin administration provoked significant
decrease in the activity of these enzymes (16 U/mg protein,
23.4 U/mg protein and 46.3 U/mg protein, for SOD, CAT and GPx,
respectively) compared to control rats (26.31 U/mg protein,
31.13 U/mg protein and 53.93 U/mg protein, for SOD, CAT and
GPx, respectively). However, MECS administration caused a
dramatic increase in SOD activity (28.34) and slight increase of
CAT and GPx activities (26.85 U/mg protein and 50.21 U/mg
protein, respectively) as compared to cisplatin-treated animals.
MECS extract showed its ability to return antioxidant enzymes
activities to normal values. There was no significant difference in
lipid peroxidation levels and the activities of antioxidants enzymes
of kidney between the control and MECS-treated group.

3.5. Hepatoprotective activity

3.5.1. Effects of MECS on biochemical parameters
The levels of the hepatic enzymes (AST, ALT, and LDH) in the

serum of the rats are presented in Table 3. Rats that were treated
with CCl4 showed an increase in the serum levels of these enzymes
(141.8,112.8 and 1129 U/L for AST, ALT, and LDH, respectively) when
compared to control group (121.3, 81.38, and 952.6 U/L for AST, ALT,
and LDH, respectively). It was interesting to note that the pre-
treated rats with MECS showed an important decrease in the level
of these enzymes (136.5, 93.98, and 1032 U/L for AST, ALT, and LDH,
respectively) when compared to the rats treated with CCl4.

The level of cholesterol and triglyceride increased when rats
were treated with CCl4 (82.14 and 126.1 mg/dl, for cholesterol, and
triglyceride, respectively) when compared to control group (66.26
and 88.84 mg/dl, for cholesterol, and triglyceride, respectively);
while a pre-treatment with MECS clearly reduced these levels
(75.96 and 109.3 mg/dl, for cholesterol, and triglyceride, respec-
tively as presented in Table 3. No significant difference was
detected between control and MECS groups.

3.5.2. Effects of MECS on lipid peroxidation, SOD, CAT and GPx activity
The product of membrane lipid peroxidation was also deter-

mined (Table 3). The content increased from 222 nmol MDA
equivalents/g tissue in control group to 311.6 nmol MDA equiv-
alents/g tissue in CCl4-intoxicated rats. The treated rats with MECS
showed significant suppression of lipid peroxidation and the level
decreased to 260.8 nmol MDA equivalents/g tissue.

Significant lower activities of SOD, CAT and GPx were observed
in CCl4-treated group as compared to the control group. The values
al Sciences from ClinicalKey.com by Elsevier on May 18, 2019.
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Table 3
Protective effect of methanolic extract of C. spinosa on CCl4-induced liver toxicity.

Hepatic biochemical Markers lipid peroxidation Antioxidant enzyme activities

AST (U/L) ALT (U/L) LDH (U/L) Cholesterol
(mg/dl)

Triglyceride
(mg/dl)

TBARS (nmol MDA
equivalents/g tissue)

SOD (U/mg
protein)

CAT (U/mg
protein)

GPx (U/mg
protein)

Control 121,3 � 1.03 81.38 � 1.00 952.6 � 2.19 66.26 � 1.43 88.84 � 1.04 222 � 2.04 21.54 � 1.13 12.56 � 0.75 25.44 � 0.84
MECS 124.2 � 1.28 78.76 � 1.15 947.9 � 1.6 69.23 � 0.89 92.7 � 1.36 219.4 � 1.38 24.19 � 0.85 13.76 � 0.99 24.52 � 2.23
CCl4 141.8 � 2.64*** 112.8 � 1.84*** 1129 � 4.16*** 82.14 � 1.93*** 126.1 � 5.04*** 311.6 � 3.31*** 16.79 � 2.10*** 9.72 � 0.85*** 18.74 � 0.99***

CCl4 + MECS 136.5 � 0.86+
+

93.98 � 3.24+
++

1032 � 9.77+
++

75.96 � 1.58+
++

109.3 � 1.88++ 260.8 � 3.84+++ 21.87 � 1.49++
+

11.90 � 0.5++ 22.81 � 1.41++

Values were expressed as the mean � SD (n = 6). ***: CCl4 group versus control group (p < 0.001). ++ and +++: CCl4 + MECS group versus CCl4 group (p < 0.01 and p < 0.001,
respectively).
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for CCl4-treated rats were 16.79 U/mg protein, 9.72 U/mg protein
and 18.74 U/mg protein, while these values for control group were
21.54 U/mg protein, 12.56 U/mg protein an 25.44 U/mg protein, for
SOD, CAT and GPx, respectively. The pre-treatment with MECS
increased the activity of SOD, CAT and GPx (21.87 U/mg protein,
11.9 U/mg protein and 22.81 U/mg protein, for SOD, CAT and GPx,
respectively) and make them similar to control group. There was
not any significant difference between control animals and those
received MECS treatment.

3.6. Histopathological studies

3.6.1. Histopathological examinations of renal tissues
The protective effects of the MECS-treatment against nephro-

toxicity induced by cisplatin were confirmed by histological
examination as shown in Fig. 1. The photomicrographs of kidney
tissues from normal control group (Fig. 1A) and MECS treated rats
(Fig. 1B) showed normal architecture of the renal cortex and
glomeruli. However, when compared to normal group, kidney
histopathological sections from cisplatin-treated rats (Fig. 1C)
showed most severe injury indicated by tubular atrophy, dilatation
of renal tubules, multiple foci of hemorrhage and neutrophil
infiltration. Whereas, animals pre-treated with MECS prior to
cisplatin exposure exhibited nearly normal cellular architecture
with distinct renal cells, suggesting that the histopathological
changes induced by cisplatin were observably attenuated by MECS
as presented in Fig. 1-II (p < 0.01).

3.6.2. Histopathological examinationsof liver tissues
The protective effects exerted by MECS against hepatotoxicity

induced by CCl4 were confirmed by the histological examination
(Fig. 2). Liver tissue of control rats showed normal architecture,
polyhedral hepatocytes and the boundaries of the sinusoids
exhibited a single layer of fenestrated endothelial and kupffer
cells (Fig. 2A). Capparis spinosa leaf extract alone did not showed
significant effects on liver histology (Fig. 2B). Whereas, CCl4
treatment caused visible histological damages in hepatocytes
(Fig. 2C). They were characterized by extensive focal necrosis, a
moderate Kupffer cell hyperplasia, congestion and dilatation of the
central vein and leukocyte infiltration. H&E staining of group
CCL4 + MECS showed moderate injury with focal neutrophil
infiltration in small area and some congestion of centrilobular
vein. (Fig. 2D). Grading of the H&E staining indicated that C. spinosa
leaf extract treatment significantly protect liver tissue from acute
CCl4-intoxicated hepatic damage (Fig. 2(II), p < 0.01).

4. Discussion

The interesting antioxidant activity and the nephroprotective
together with the hepatoprotective effects of MECS could be
attributed fundamentally to its phenolic compounds. Indeed,
phenolic compounds are a large group of bioactive molecules
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largely presented in plants and the main responsible for its
antioxidant activity. Results clearly showed that MECS contained
important level of total phenolic compounds (23.37 � 0.40 mg
GAE/g DW). Compared to other plants largely used such as
soybeans (0.9 mg GAE/g), pomegranate (1.38 mg GAE/g), mango
(2.08 mg GAE/g) and raspberry (5.17 mg GAE/g) [30–33] the value
obtained in this study make C. spinosa an important resource of
phenolic compounds. Moreover, results showed a scavenger ability
of MECS against different free radicals. This scavenging capacity is
probably attribute to antiradical scavenging activity of phenolic
compounds [34].

Cisplatin-induced kidney damage is characterized by increase
in serum levels of creatinine, urea, uric acid as well as severe
tubular necrosis which can provoke a renal failure [35]. These
modifications are considered reliable parameters for investigating
drug-induced nephrotoxicity in animals and man [36]. Moreover,
carbon tetrachloride (CCl4), induced hepatotoxicity, has been
largely used by researchers as experimental model for liver
damage since long time [37]. It is known that the active
metabolites of CCl4 can react with liver to provoke hepatic cell
destruction, resulting in an elevated of serum enzyme, such as AST
and ALT [38].

It is worth noting that the pretreatment with MECS diminished
significantly the increased levels of creatinine, urea and uric acid
caused by cisplatin administration. This activity exerted by C.
spinosa extract may have resulted from the free radical scavenging
potentials of its phenolic compounds content. Indeed, previous
reports have suggested that phenolic compounds can protect
against kidney injuries [39]. Moreover, the present work clearly
demonstrated that the administration of MECS reduced the CCl4-
induced increases in serum AST, ALT and LDH enzymatic activities
together with diminution of cholesterol and triglyceride levels.
This implies that the MECS presented an hepatoprotective activity
probably due to its antioxidant capacity, which is in accord with
previous results [40].

Lipid peroxidation is the process of oxidative damage that
affects polyunsaturated fatty acids and its occurrence in biological
membranes provoke decrease in membrane fluidity and can also
reduce the activity of a several membrane enzymes. In this study,
administration of the MECS attenuated the increase of the lipid
peroxidation caused by cisplatin treatment, suggesting that the C.
spinosa extract contained antiperoxidative compounds. The
decrease of the SOD, CAT and GPx activities, due to accumulation
of highly ROS, leads to harmful results, such as diminution of cell
membrane integrity and losses of the function [41]. Results clearly
showed that the pre-treatment with MECS increased the activity of
SOD, CAT and GPx, when compared to toxic groups. This capacity
could be once again attributed to their antioxidant power. In fact, it
seems that antioxidant molecules can reduce the lipid peroxida-
tion by increasing the quantity of endogenous antioxidant
enzymes [42]. In light of the obtained results, it was interesting
to draw attention that MECS could play an important role in the
ciences from ClinicalKey.com by Elsevier on May 18, 2019.
pyright ©2019. Elsevier Inc. All rights reserved.



Fig. 1. The histopathological alterations in Hematoxylin and Eosin (H&E) stained kidney slides (I) (Magnification: X 200) were scored (II) by the semi-quantitative percentage
of damaged area. (A and B): Kidney section from control and C. spinosa leaf extract (MECS) rats showing normal appearance of glomeruli; (C): cisplatin exposed rats, showing
tubular atrophy (TA), enlarged interstitial space, multiple foci of hemorrhage (H), inflammatory leukocyte infiltrations (LI) and dilatation of proximal tubule (DL); (D): Kidney
section from cisplatin and C. spinosa leaf extract treated rats (Cisplatin +MECS), revealed significantly reduced injuries in kidney.
Values were expressed as the mean � SD. ***: cisplatin group versus control group (p < 0.001). ++: Cisplatin + MECS group versus Cisplatin group (p < 0.01).
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mechanism of the nephroprotective and hepatoprotective by
increasing the non-enzymatic and enzymatic antioxidants.

The histopathologic observation demonstrated that MECS-pre-
treatment renewal the healthy liver and kidney histology
compared to cisplatin and CCl4-treated groups and confirm the
above results.

Indeed, phenolics can release a proton during homolysis of the
O��H bond and turn into a highly stable phenoxy radical [43].
Furthermore, Aneta et al. [44] have suggested that the radical-
Downloaded for Anonymous User (n/a) at Tabriz University of Medic
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scavenging capacity of flavonoids is due to the C2��C3 double bond
configured with a 4-keto arrangement, which identified as the
responsible for electron delocalization from ring B and it increases
the antioxidant ability.

Pan et al. [45] have reported that rutin showed an hepatopro-
tective capacity by inhibiting the activation of NF-kB, which is
considered to be a central mediator of the immune response and
play an important role in hepatocyte survival/damage and liver
injury [46,47]. Moreover, Arjumand et al. [48] have reported that
al Sciences from ClinicalKey.com by Elsevier on May 18, 2019.
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Fig. 2. Histological features (I) and histopathologic grading (II) of liver sections of adult rats stained with H&E (Magnification: X 200): (A) controls, (B) C. spinosa leaf extract
treated rats (MECS), (C) CCl4 treated rats (CCl4) that showed hepatocellular necrosis, increased kupffer cells, congestion and dilatation of the central vein and leukocyte
infiltration, and (D) CCl4 treated rats co-treated with C. spinosa leaf extract (CCl4 +MECS) showed Partial alleviation of liver damages together with some congestion of
centrilobular vein.
Each microphotograph represents a section from an individual liver. KC (Kpuffer cells), N (hepatic necrosis), LI (inflammatory leukocyte infiltrations), Cg: congestion and
dilatation of the central vein.
Values were expressed as the mean � SD. ***: CCl4 group versus control group (p < 0.001). ++: CCl4 + MECS group versus CCl4 group (p < 0.01).
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the beneficial effect of rutin pretreatment against cisplatin-
induced nephrotoxicity is attributed to its inhibitory effect on
NF-kB and TNF-a. Indeed, blockade of TNF-a action provides
protection against cisplatin nephrotoxicity [49].

Wang et al. [50] have demonstrated the hepatoprotective effect
of resveratrol against acetaminophen (APAP)-induced liver injury
Downloaded for Anonymous User (n/a) at Tabriz University of Medical S
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in mice; this activity is due to the inhibition of CYPs-mediated
APAP metabolic activation and the inhibition of the activation of
JNK (c-Jun N-terminal protein kinase) during APAP toxicity. Indeed,
many stress factors like reactive oxygen species, ultraviolet
radiation, protein synthesis inhibitors, and inflammatory signals,
can activate JNK [51]. Previous studies have showed an
ciences from ClinicalKey.com by Elsevier on May 18, 2019.
pyright ©2019. Elsevier Inc. All rights reserved.
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hepatoprotective capacity of coumarin [52] and a nephroprotec-
tive of luteolin [53] through TNF-a inhibition.

Raj et al. [54] have showed that catechin prevented the up
regulation of p53 levels after D-galactosamine treatment hence
protected the cell death. Indeed, p53 can stimulate cell cycle arrest
and apoptosis, and activation of p53 can inhibit cell proliferation or
cause cell apoptosis [55]. Furthermore, Siegers et al., [56] have
suggested that catechin could reduce the increase of hepatic
triglyceride and hydroxyproline in a dose-dependent way on CCl4-
induced hepatotoxicity. Vijayaprakasha et al. [57] have reported
that kaempferol have a nephroprotective activities. Nabavi et al.
[58] and Yousuf and Vellaichamy [59] proved that gallic acid is
characterized by a nephroprotective and hepatoprotective activity.

5. Conclusion

The results of the present work proved, for the first time, that
the treatment with the methanol extract of Capparis spinosa leaves
(MECS) has an antioxidant, hepatoprotective and nephroprotective
effects. For in vitro antioxidant activity, results demonstrated that
MECS showed DPPH and hydrogen peroxide scavenging activities.
For in vivo nephroprotective and hepatoprotective activities results
demonstrated that MECS allows the preventing from the destruc-
tive lipid peroxidation, the preserving of biochemical indicators
and antioxidant enzyme activities at near-normal values, and the
improving of the kidney and liver lesions. The observed protective
effects of MECS may be due to the high quantity of phenolic
compounds and flavonoids in the extract. The obtained results
justify the use of this plant since ancient time for the treatment of a
lot of illnesses, such as kidney and liver disorders. Indeed, further
studies needs to be carried out to understand the mechanisms of
the individual phenolic compounds existed in MECS against
physical disturbance.
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