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Despite the commercial value of potassium bromate (KBrO3), it has been linked to many diseases including cancer. Capparis
spinosa possesses exceptional ethnobotanical, pharmaceutical, and economic prominence by virtue of its bioactive components.
+e present study was designed to explore the protective role and antioxidant potential of ethanolic leaves extract of C. spinosa
against the oxidative stress, genotoxicity, and apoptosis induced by KBrO3 in an experimental animal model. +e results of the
study revealed remarkable diminution in the levels of oxidative stress in all the treatment groups. C. spinosa extract attenuated the
toxic effects of KBrO3 significantly (p< 0.05) in a time- and dose-dependent manner by restoring the normal levels of ROS and
antioxidative enzymes in serum and liver tissues. +e extract also abolished the oxidative DNA damage as it was evident in
decreased frequency of micronuclei. A marked increase in viable cells was observed in annexin-V apoptosis assay. In conclusion,
the findings of the present study demonstrate that ethanolic leaves extract of C. spinosa has considerable protective effects against
KBrO3-induced toxicity in experimental mice which is attributed to its antioxidant activity.+erefore, leaves ofC. spinosa could be
used as a potential source of natural antioxidant and bioactive compounds.

1. Introduction

Despite the commercial value of potassium bromate
(KBrO3), in food and cosmetics industry and being a
drinking water disinfection by-product, it has been and
remains a paramount concern for human health [1]. KBrO3
has been found to induce oxidative stress in both in vitro and
in vivo models [2, 3]. Recently, a new insight into oxidative
stress related in vivo mutagenicity and genotoxicity exerted
by KBrO3 was reported [4, 5]. Similarly, it was reported that
genotoxic effects of KBrO3 were associated with DNA and
chromosomal damage, mutations, base modification,
chromosomal aberrations, and altering gene expression,
leading to cancer [6–10].

Elmahdy et al. [11] stated that exposure to KBrO3
damaged liver tissues and also increased serum enzyme
levels. In another study, KBrO3 was reported to induce

cytotoxicity in testicular cells which were inhibited by an-
tioxidants [12]. +ese findings were consistent with those
obtained by Elsheikh et al. [13]. Cytotoxic effects of KBrO3
on kidney cells of Fischer 344 rats were also reported [14].
Stuti and D’souza [15] investigated the toxic effects of KBrO3
on biochemical, hematological, and histological parameters
of Swiss albino mice. +ese findings were supported by
another study that revealed that exposure to KBrO3 causes
cell lysis in human erythrocytes [16].

Capparis spinosa is one of the most important eco-
nomical and medicinal plants which has been used in folk
medicine and considered as a very good source of gluco-
sinolates (glucocapparin, glucoiberin, sinigrin, and gluco-
brassicin), flavonoids, phenolic acids, and alkaloids, all of
which are known to provide health-improving benefits due
to their various biological activities [17]. A wide range of
biological activities such as antioxidant, anti-inflammatory,
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anticancer, antimicrobial, antimutagenic, and antidiabetic
effects have been reported for this plant [18–22]. Further-
more, leaves of C. spinosa are one of the most affluent
sources of quercetin which is considered as the main bio-
antioxidant, hepatoprotective, and nephroprotective factor
against chemically induced cytotoxicity [17, 23]. Interest-
ingly, C. spinosa was found to be safe and there is negligible
scientific evidence regarding any adverse or toxic effects
[24, 25].

On the basis of the properties of the active compounds
contained in C. spinosa, it is presumed that C. spinosa may
have a potential protective role against oxidative stress,
genotoxicity, and cytotoxicity in an animal model. +ere-
fore, the present study is aimed at investigating the pro-
tective potential of C. spinosa ethanolic leaves extract against
oxidative stress, genotoxicity, and cytotoxicity induced by
KBrO3 in laboratory mice by applying various biochemical,
cytogenetic, and cell biology methods.

2. Materials and Methods

2.1. Collection of Plant Materials and Extraction. +e fresh
leaves of C. spinosa were collected from wild habitat around
Riyadh, Saudi Arabia [Voucher: FMA-MAA 27 (KSUH)
(24°43′10″ N, 46°36′55″E)] and then dried and powdered.
+e powdered dried material (500 g leaves) was extracted
with 90% ethanol, through occasional shaking and stirring
till 10 days. +e whole extracts were filtered and dried at
room temperature. +en, the crude extract was stored at
−20°C until used in the experiments.

2.2. Animals and Treatments. Male and female laboratory
mice of the pure strain SWR/J were obtained from the
Animal House, Faculty of Pharmacy, King Saud University,
Riyadh. +e mice were aged between 10 and 12 weeks and
weighing about 28–30 g. Animals were raised and main-
tained in a special room at the Department of Zoology,
Faculty of Science, King Saud University, under standard
conditions and procedures with a temperature of 22± 1°C, a
relative humidity of 45± 5%, and a light/dark cycle of 10/14
hours. +e commercial food (General Corporation of Grain
Silos and Flour Mills in Riyadh) and water (in clean glass
bottles) were provided continuously ad libitum. Large cages
(25× 24×15 cm) were used for maintaining the animals, and
small cages (25×17.5×14 cm) for running the experiment.
All the cages were lined with an appropriate amount of clean
sawdust and were washed twice a week with a water and
antiseptic solution in order to prevent the growth of bacteria,
fungi, and other microorganisms. +e animals were divided
randomly into different groups: groups treated with three
sub-lethal doses of C. spinosa crude extract administrated
intraperitoneally either alone (first phase) or simultaneously
with a single sub-lethal dose (150mg/kg bw) of KBrO3 [26]
(second phase). Six animals were used in each group in-
cluding controls.

2.3. Experimental Design. First phase of experiments: to
evaluate the possible toxic effects and determine the safe

dose of C. spinosa extract, three doses (100mg/kg bw,
200mg/kg bw, and 500mg/kg bw) were applied for 24 h,
48 h, and 72 h duration, respectively. Subsequently, a neg-
ative control (distilled water) and a positive control (cy-
clophosphamide: 25mg/kg bw) group were also maintained
for comparison.

Second phase of experiments: to detect the protective
effect of C. spinosa extract, three non-toxic doses of
C. spinosa extracts (50mg/kg bw, 100mg/kg bw, and
150mg/kg bw) were applied with single sub-lethal dose of
KBrO3 (150mg/kg bw) simultaneously for the same dura-
tions (24h, 48 h, and 72 h). A single dose of KBrO3 (150mg/
kg bw) was also used alone for comparison. Figure 1 shows
the experimental design for phase I and phase II through a
flow chart. All protocols followed and experiments were
conducted in strict compliance with the ethical principles
and guidelines of the Animal Ethics Committee, King Saud
University, Riyadh, KSA.

2.4. Reactive Oxygen Species (ROS) Assay. A commercial kit
(Image-iT™ LIVE Green Reactive Oxygen Species Detection
Kit, Molecular Probes, USA) was used to assess the intra-
cellular ROS level. Briefly, at the end of treatment durations,
the animals were dissected and then liver tissue samples were
obtained, homogenized in PBS, and filtered. +e cell sus-
pensions were stained with carboxy-H2DCFDA dye and
incubated for 25min at 37°C in the dark. For the quantitative
analysis, 100 μl of cell suspension was transferred in the wells
of a 96-well plate and the intensity of green color was
measured using a microplate reader (BioTek®, Winooski,
VA, USA) at an excitation wavelength of 485 nm and an
emission wavelength of 528 nm. Similarly, the qualitative
analysis of ROS was achieved by fluorescence imaging with a
compound microscope (Olympus BX41, Japan) fitted with
appropriate fluorescence filter and a CCD camera.

2.5. Catalase Assay. Catalase activity assay was performed
using a commercial kit (Bio-Diagnostic) by colorimetric
method. Blood was obtained by cutting the tip of the tail of
animal by a surgical blade. An anticoagulant such as heparin
or EDTA was used to collect the blood from control and
treated animals.+en, blood was centrifuged at 4000 rpm for
15min at 4°C.+e top layer of plasma was collected and used
in the assay immediately or stored at −80°C. Catalase activity
assay was performed by method provided in the kit. Finally,
absorbance wasmeasured of sample (ASample) against sample
blank and standard (AStandard) against standard blank at
510 nm using a Synergy microplate reader (BioTek,
Winooski, VA, USA). Catalase activity was calculated by the
following formula:

catalase activity in plasma (U/L) �
Abs standard − Abs sample

Abs standard
× 1000.

(1)

2.6. Reduced Glutathione Level. Reduced glutathione levels
were determined using a commercial kit (Bio-Diagnostic).
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In brief, whole blood was collected using an anticoagulant
such as heparin, or EDTA.+e erythrocytes (red blood cells)
were lysed in 4 times their volume of ice-cold distilled water
and then centrifuged at 4000 rpm for 15 minutes at 4°C. +e
supernatant (erythrocyte lysate) was collected and assayed
immediately or stored at −80°C. Reduced glutathione level
was determined according to the method provided in the kit
by reading absorbance at 405 nm and glutathione concen-
tration in blood was determined by the following formula:

Abs sample × 66.66mg/dl. (2)

2.7. Lipid Peroxidation Assay. Malondialdehyde (MDA) was
measured as an indicator for a lipid peroxidation using
specific kit (Bio-Diagnostic). Blood was collected without
using an anticoagulant and allowed to clot for 30min at 25°C.
+en, blood was centrifuged at 4000 rpm for 15 minutes at
4°C and the top yellow serum layer was collected and either
used immediately or stored at −80°C. 100 μl serum for each
sample was used and processed according to the method of
the kit’s manufacturer. Finally, the absorbance was measured
at 405 nm of sample (Asample) against the blank by Synergy
microplate reader (BioTek, Winooski, VA, USA).

Malondialdehyde in sample nmol/ml of serum was
calculated by the following formula:

serum �
Abs sample
Abs standard

× 10. (3)

2.8. Measurement of Superoxide Dismutase (SOD). Liver
tissue (50mg) was cut into small pieces using a sharp blade
in a porcelain apparatus with a PBS solution containing
0.16mg/ml heparin to remove any blood cells. Tissue was
homogenized in 5ml cold buffer (100mM potassium
phosphate containing 2mM EDTA, pH 7.0). +e samples
were centrifuged at 4000 rpm for 15 minutes at 4°C. +e
supernatant was collected and assayed immediately or
stored at −80°C. Briefly, 0.5ml of ice-cold extraction re-
agent was added to 1ml supernatant in a glass test tube and
vortexed for 30 seconds. +en, it was centrifuged at
4000 rpm for 10 minutes at 4°C. +e aqueous upper layer
was collected and assayed immediately according to the
method supplied in the kit. Finally, the increase in ab-
sorbance at 560 nm for 5min for control and sample at
25°C was recorded and SOD activity was calculated by the
following formula:

24 h 48 h 72 h

Micronucleus
test

Lipid
peroxidase

Catalase

Glutathione
reductase

Superoxide 
desmutase

ROS

Apoptosis
(FACS)

Capparis spinosa

Extracts

100 mg/ kg bw 200 mg/ kg bw 500 mg/ kg bw

24 h 48 h 72 h

50 mg/ kg bw 100 mg/ kg bw 150 mg/ kg bw

150 mg/ kg bw 150 mg/ kg bw 150 mg/ kg bw

Phase I

Phase II

Potassium bromate
KBrO3

Capparis spinosa

Extracts

Figure 1: Flow chart of experimental design for the first and second phase of experiments.
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SODactivity U/gm tissue � % inhibition 3.75 ×
1

gm tissue used
.

(4)

2.9. Micronucleus Test (MN). Peripheral blood was collected
by cutting the tip of the tail and blood smears were made on
clean microscope slides, air-dried, fixed in absolute meth-
anol for 10min, and stained with acridine orange (125 μg/ml
in pH 6.8 phosphate buffer), just before the evaluation. +e
slides were coded and observed in a fluorescence microscope
(Olympus, BX41, Tokyo, Japan) at 40X magnification with
appropriate filter settings. For the analysis of the micro-
nucleated cells, 2000 polychromatic erythrocytes (PCE) per
animal will be scored to determine the clastogenic and/or
aneugenic potential of the test compound. To detect possible
cytotoxic effects, the PCE/NCE (normochromatic erythro-
cytes) ratio in 200 erythrocytes/animal was calculated [27].

2.10. Annexin V-FITC Apoptosis Assay by Flow Cytometry.
Annexin V- FITC apoptosis detection kit (Sigma-Aldrich,
USA) was used to evaluate apoptosis. Liver cell suspensions
were prepared in PBS (using cell strainer size 100 μm),
resuspended in 1X binding buffer, and stained with annexin
V-FITC/PI for 25min. +en, the stained cell samples were
run by flow cytometry (BD FACSCalibur) and analysed by
using Cell Quest Pro Software (BD).

2.11. Statistical Analysis. All experiments were performed in
triplicate. +e data were presented as mean± S.E. A two-
tailed Student’s t-test and one-way ANOVA were applied to
determine the significance at p< 0.05. All statistical analyses
were performed using GraphPad Prism (version 7.0)
software.

3. Results

3.1. Effects of C. spinosa Extracts (First Phase)

3.1.1. Effects of C. spinosa Extracts on ROS Generation.
+e fluorescence images of ROS generation in liver cells
(Figures 2(a)–2(d)) show clearer elevation in the ROS level at
500mg/kg bw dose for 72 h compared to control. However,
the quantitative estimation of increase in ROS levels relative
to control groups in all treatments is summarized in bar
diagrams in Figure 2(e). In most of the extracts treatment
groups, an increase by 10–20% was noted, whereas only in
500mg/kg bw dose was a significant (p< 0.05) increase by
45% noted.

3.1.2. Effects of C. spinosa on Oxidative Stress Parameters.
+e catalase activity in serum was not changed significantly
in the C. spinosa extracts treatment group. In 72 h durations
at 200mg/kg bw and 500mg/kg bw, catalase was signifi-
cantly reduced to 365U/L and 322U/L as compared to
control (445U/L) as in Figure 3. At the dose 500mg/kg bw

after 72 h, the SOD activity in liver tissue lysate was also
significantly decreased to 6.5U/mg from its corresponding
control (8.5U/mg tissue). For GSH, the results in Figure 4
show that most of the treatment groups maintained similar
levels of GSH as compared to control. Only at 500mg/kg for
72 h did the GSH level drop markedly to 32.5 from control
value 45mg/dl. +e similar trend of no toxicity appeared for
MDA levels in serum samples of treated mice as shown in
Figure 5. C. spinosa extracts have not much impact on the
SOD activity because most of the treatments failed to deplete
the SOD activity as evident from the result shown in Fig-
ure 6. In 500mg/kg bw, after 72 h the SOD activity was
significantly decreased to 6.5U/mg tissue from its corre-
sponding control (8.5U/mg tissue). However, positive
control (cyclophosphamide, 25mg/kg bw) group showed
significant changes in all the parameters of oxidative stress
evaluated.

3.1.3. Induction of Micronucleus by C. spinosa Extracts.
Table 1 represents the frequency of MN induced by
C. spinosa extracts for all the doses applied and for three
durations (24 h, 48 h, and 72 h), while Figure 7 shows the
incidence of MN in extracts treatments after 72 h. However,
the results show that the extract failed to induce MN as the
incidence of micronuclei was insignificant (p< 0.05) when
compared with the control group. +e MN frequency in
500mg/kg bw after 72 h exposures was found to be signif-
icant with mean MN of 5.35± 0.75. +e remaining doses
were found to register slightly higher MN frequencies
compared to the control but are not significant. +e min-
imum MN frequency was observed at 200mg/kg bw dose
after 24-hour duration which was 3.22± 0.51. Similarly, the
ratio of PCE/NCE was also not significant in most of the
treated groups. +is ratio in 200 and 500mg/kg bw was
significant (p< 0.05) after 72 h of exposure, when compared
with controls with the values of 0.96± 0.31 and 0.99± 0.35,
respectively.

3.1.4. Induction of Apoptosis by C. spinosa Extracts. +e
percentages of early and late apoptotic cells were determined
by double staining with Annexin V-FITC and PI via flow
cytometry. +e results of apoptosis assay showed that per-
centage of viable cells did not change and early or late
apoptotic and necrotic cells did not appear in 24 h and 48 h
treatment groups in all the doses of C. spinosa extracts.
Nevertheless, after the prolonged duration of 72 h, distin-
guishable enhancement in apoptotic cells and decrease in
viable cells were observed in all dose groups, which are
presented in Figure 8. +e percentage of early apoptotic cells
was recorded as 3.5%, 5.4%, and 5.8% in dose groups 100,
200, and 500mg/kg bw, respectively, whereas late apoptosis
percentages reached 2.3%, 3.2%, and 6.5% for the three
doses. A maximum of 2.7% necrotic cells were also seen in
500mg/kg bw dose. Overall,C. spinosa extracts were not able
to induce significant apoptosis in mouse liver cells except
after prolonged exposures.
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3.2. Effects of C. spinosa Extracts on Toxic Impacts Induced by
KBrO3 (Second Phase). Preliminary screening experiments
were carried out with C. spinosa extracts including all three
treatment strategies (simultaneous, pre- and post-treatment)
and simultaneous treatments were found to be more ef-
fective in ameliorating the toxic effects of KBrO3. Based on
the findings of first phase data, three doses of C. spinosa
extracts (50, 100, and 150mg/kg bw) were chosen and ap-
plied simultaneously with a single dose of KBrO3 (150mg/kg
bw) for all three durations of 24 h, 48 h, and 72 h. +e
protective/antioxidant effects of C. spinosa extracts in

combination treatment were statistically compared with the
effect in KBrO3 (150mg/kg bw) treatment alone.

3.2.1. Effects of C. spinosa Extracts on the ROS Generated by
KBrO3. +e representative fluorescence images for 72 h
treatment are shown in Figures 9–9. Overall, the reduction
in ROS after the simultaneously treatment was in a dose- and
time-dependent manner. Spectrofluorometric results (Fig-
ure 9) reveal that C. spinosa extracts significantly (p< 0.05)
reduced the levels of ROS in the majority of doses and all
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Figure 2: Representative images of liver cells of mice stained with carboxy-H2DCFDA showing effects of C. spinosa extracts on the
generation of reactive oxygen species (ROS) treated for 72 hours. (a) Control. (b) 100mg/kg bw. (c) 200mg/kg bw. (d) 500mg/kg bw.
Quantitative estimation of ROS in mice treated with indicated doses for 24, 48, and 72 hours (e). Increase or decrease of ROS level is shown
in percentage relative to control which is set at 100 percent. ANOVA ∗Significant (p< 0.05).
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durations. +e maximum percentage of 85% increase in
KBrO3 treated liver cells was registered after 48 h. +e
highest reduction in ROS by C. spinosa extracts was detected
after 72 h duration in 150mg/kg bw dose.

3.2.2. Effects of C. spinosa Extracts on the Catalase Level
Induced by KBrO3. Effects of KBrO3 alone or in combi-
nation withC. spinosa extracts on the levels of serum catalase
in mice treated with three doses for 24, 48, and 72 h are
summarized in Figure 10. +e combination treatment of
C. spinosa extracts significantly enhanced the catalase
concentration in a dose- and duration-independent manner;
the outmost increase was registered at a dose of 150mg/kg
bw after 24 h which was 389U/L after 72 h.

3.2.3. Effects of C. spinosa Extracts on the Reduced Gluta-
thione Level Induced by KBrO3. +emaximum reduction in
GSH level in serum of animal treated was recorded as
17.5mg/dL after 72 h treatment of KBrO3 (Figure 11).
Nevertheless, a significant (p< 0.05) increase in higher doses
of C. spinose extracts (100 and 150mg/kg bw) was obtained
in all the durations in comparison to KBrO3 treated alone.

3.2.4. Effects of C. spinosa Extracts on the Lipid Peroxidation
Induced by KBrO3. As presented in bar diagrams in Fig-
ure 12, the treatment with 150mg/kg bw KBrO3 alone
registered about 24.7 nmol/ml MDA after 72 h duration that
is about a twofold increment from control after 48 h
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(12.56 nmol/ml MDA). However, treatment with C. spinosa
extracts in combination with three doses significantly
(p< 0.05) decreased the MDA concentration in a dose- and
time-independent manner.

3.2.5. Effects of C. spinosa Extracts on the Superoxide Dis-
mutase Activity Induced by KBrO3. Effects of KBrO3 alone
or in combination with C. spinosa extracts on (SOD) are
summarized in Figure 13. KBrO3 (150mg/kg bw) treated

(a) (b)

(c) (d)

Figure 7:Micronucleus induction by various concentrations ofC. spinosa extract in peripheral blood of mice after exposure for 72 hours. (a)
Untreated control. (b) 100mg/kg bw. (c) 200mg/kg bw. (d) 500mg/kg bw showing normal polychromatic erythrocytes (PCE orange) and
normochromatic erythrocytes (NCE, green). Magnification 400X.

Table 1: Frequency of micronucleus induced by C. spinosa extract in the peripheral blood of mice exposed to indicated doses for 24, 48, and
72 hours.

Treatment time (h) Treatment (mg/kg) MNPCE PCE/NCE
Mean± SD Mean± SD

24

Control 3.36± 0.19 1.12± 0.25
Positive control 9.22± 2.01∗ 0.95± 0.21∗

100 3.51± 0.75 1.15± 0.30
200 3.22± 0.51 1.02± 0.45
500 3.30± 0.32 1.11± 0.22

48

Control 3.22± 0.31 1.05± 0.21
Positive control 14.22± 1.88∗ 0.94± 0.23∗

100 3.52± 0.65 1.16± 0.31
200 3.66± 0.42 1.07± 0.35
500 3.61± 0.36 1.02± 0.35

72

Control 3.74± 0.23 1.23± 0.19
Positive control 17.22± 2.01∗ 0.88± 0.27∗

100 3.99± 0.48 1.09± 0.22
200 4.25± 0.66 0.96± 0.31∗
500 5.35± 0.75∗ 0.99± 0.35∗

Student’s t-test ∗p< 0.05. 2000 PCE were analysed for each animal (n� 5).
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mice SOD activity was highly decreased and reached 3.7U/
mg tissue after 72 h. However, the treatment with C. spinosa
extracts significantly (p< 0.05) increased the SOD activity
when compared to the KBrO3 treated group. +e highest
increase in SOD activity was retained after 24 h and 150mg/
kg bw dose C. spinose extracts which was estimated as 8.4U/
mg tissue.

3.2.6. Effects of C. spinosa Extracts on the Micronucleus
Induced by KBrO3. +e results reveal that C. spinosa extracts
significantly (p< 0.05) reduced the number of micro-
nucleated PCE in all treatments but the decrease in MN
frequency was not dose-dependent except in longer duration
(Figure 14, Table 2). +e maximum reduction in MN was
observed after 24 h where 50mg/kg bw dose of extract
recorded the MN incidence of 5.25± 1.35 compared to the
MN frequency of 16.50± 1.35 in KBrO3 150mg/kg bw alone.

After the treatment of 72 h, the reduction in MN frequencies
in different doses of C. spinosa extracts in combination was
observed as 13.60± 1.18 in 50mg/kg bw, 12.58± 2.09 in
100mg/kg bw, and 10.25± 2.35 in 150mg/kg bw when
compared with KBrO3 alone which was 21.50± 3.05. At 48 h,
C. spinosa extracts decreased the MN level significantly in all
the combination treatments.

3.2.7. Effects of C. spinosa Extracts on the Apoptosis Induced
by KBrO3. Representative dot plots as presented in Figure 15
show that the percentage of early apoptotic cells was over
18%, while about 4.6% late apoptosis and 1.8% necrotic cells
were recorded in KBrO3-treated liver cells. A concentration-
dependent decrease in early apoptotic cells was noticed in
combined treatment with C. spinosa extracts, which was
observed as 13.5%, 10.3%, and 7.21% in 50, 100, and 150mg/
kg bw doses, respectively, after 72 h.
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Figure 9: Representative images of liver cells of mice stained with carboxy-H2DCFDA showing effects of C. spinosa extracts on the
generation of reactive oxygen species (ROS) induced by KBrO3 alone or in combination treated for 72 hours. (a) Control. (b) 150mg/kg bw
KBrO3. (c) 150mg/kg bw KBrO3 + 50mg/kg bw C. spinosa. (d) 150mg/kg bw KBrO3+ 100mg/kg bw C. spinosa. (e) 150mg/kg bw
KBrO3+ 150mg/kg bw C. spinosa. Increase or decrease of ROS level is shown in percentage relative to control which is set at 100 percent (f ).
PB: potassium bromate; CS: Capparis spinosa. ANOVA ∗Significant (p< 0.05).
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4. Discussion

C. spinosa has important bioactive agents that make this
plant possess exceptional ethnobotanical, pharmaceutical,
and economic importance [28]. Conversely, KBrO3 has been
increasingly used as a strong oxidizing/positive agent to
analyse protective effects of several natural products in vitro

and in vivo [15, 29–31]. Recently, a new insight into oxidative
stress related in vivo mutagenicity and genotoxicity exerted
by KBrO3 was reported [4, 5]. +e results of the present
study demonstrated that the treatment with KBrO3 leads to
marked elevation in ROS generation and MDA production,
accompanied with GSH, catalase, and SOD depletion in the
treated mice. Micronuclei formation and apoptosis
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Figure 10: Effects of KBrO3 alone and in combination with C. spinosa extract on the levels of serum catalase in mice treated with indicated
doses for 24, 48, and 72 hours. PB: potassium bromate; CS: Capparis spinosa. ANOVA ∗Significant (p< 0.05).
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Figure 11: Effects of KBrO3 alone and in combination with C. spinosa extract on the levels of serum reduced glutathione (GSH mg/dL) in
mice treated with indicated doses for 24, 48, and 72 hours. PB: potassium bromate; CS: Capparis spinosa. ANOVA ∗Significant (p< 0.05).
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induction have also been recorded due to KBrO3 exposure.
+ese findings were corroborated by many reports previ-
ously [2, 10, 32].

+e co-administration of C. spinosa leaves extract sig-
nificantly ameliorated the various deleterious effects pro-
duced alone by KBrO3 treatment. A marked restoration of
normal level of ROS and lipid peroxidation were observed in
liver cells and circulating blood due to extract treatment. An

increase in the activity of enzymes SOD, GSH, and catalase
was also registered. +e protective effects of dose 100mg/kg
of C. spinosa extracts were more pronounced and have
ameliorated the oxidative damage with subsequent elevation
in the activity level of superoxide dismutase, GSH, and
catalase. So, administration of C. spinosa extracts alone not
only did not induce any pernicious effect towards antioxi-
dant enzymes of liver or blood, but also attenuated KBrO3-
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Figure 12: Effects of KBrO3 alone and in combination withC. spinosa extract on the levels of serum lipid peroxide (malondialdehyde,MDA)
in mice treated with indicated doses for 24, 48, and 72 hours. PB: potassium bromate; CS: Capparis spinosa.ANOVA ∗Significant (p< 0.05).
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Figure 13: Effects of KBrO3 alone and in combination with C. spinosa extract on the levels of superoxide dismutase (SOD) activity in mice
treated with indicated doses for 24, 48, and 72 hours. PB: potassium bromate; CS: Capparis spinosa. ANOVA ∗Significant (p< 0.05).
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induced toxicity via its antioxidant effect, decreased oxi-
dative stress, and restored the antioxidant enzymes activity.
+e obtained results correspond with different studies which
stated that hepatoprotective effects of C. spinosa root bark
extracts were established against CCl4 induced hepatotox-
icity in mice [33, 34]. In the same context, Cao et al. [35]

have shown that C. spinosa protects against oxidative stress
in systemic sclerosis. A recent study revealed that hydro-
ethanolic extracts of C. spinosa ameliorated cyclophospha-
mide induced nephrotoxicity in mice [23].

Furthermore, there were a considerable number of re-
ports recently about the protective effects of C. spinosa such

(a) (b) (c)

(d) (e)

Figure 14: Decrease in micronucleus frequencies by simultaneous treatment by various concentrations of C. spinosa with KBrO3 in
peripheral blood of mice after exposure of 72 hours. (a) Control showing normal PCE and NCE. (b) 150mg/kg bw KBrO3. (c) 150mg/kg bw
KBrO3 + 50mg/kg bw C. spinosa. (d) 150mg/kg bw KBrO3 + 100mg/kg bw C. spinosa. (e) 150mg/kg bw KBrO3 + 150mg/kg bw C. spinosa
showing only few micronucleated PCE as compared to KBrO3 treatment alone.

Table 2: Frequency of micronucleus induced by KBrO3 alone or in combination with different doses of C. spinosa extracts in the peripheral
blood of mice exposed for 24, 48, and 72 hours.

Treatment time (h) Treatment (mg/kg bw) MNPCE PCE/NCE
Mean± SD Mean± SD

24

Control 3.36± 0.19 1.12± 0.25
150 PB 16. 50± 3.22 0.89± 0.25

150 PB + 50 CS 5.25± 1.35∗ 1.08± 0.45∗
150 PB + 100 CS 5.75± 1.88∗ 0.99± 0.34∗
150 PB + 150 CS 9. 70± 2.42∗ 0.98± 0.35

48

Control 3.22± 0.31 1.05± 0.21
150 PB 17. 50± 3.22 0.85± 0.35

150 PB + 50 CS 6.21± 1.44∗ 1.04± 0.34∗
150 PB + 100 CS 5.21± 1.48∗ 0.97± 0.33
150 PB + 150 CS 10.45± 2.05∗ 0.95± 0.35

72

Control 3.74± 0.23 1.23± 0.19
150 PB 21.50± 3.05 0.84± 0.31

150 PB + 50 CS 13.60± 1.18∗ 1.05± 0.39∗
PB+ 100 CS 12.58± 2.09∗ 0.99± 0.42∗

150 PB + 150 CS 10.25± 2.35∗ 0.89± 0.51
Student’s t-test ∗p< 0.05. PB: potassium bromate; CS: C. spinosa extracts. 2000 PCE were analysed for each animal (n� 5).
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as antioxidant, hepatoprotective, and nephroprotective ef-
fects in various model organisms in vivo and in vitro
[23, 33, 35, 36]. +is is because the plants provide an al-
ternative source to scavenge free radicals due to the presence
of diverse nature of secondary metabolites [37]. +e ob-
served protective effects of C. spinosa might be by virtue of
the high levels of polyphenolic compounds and flavonoids in
the extract [36, 38].

It is known that the MN assay is a multi-end-point assay
for measuring DNA damage, including the induction of
micronuclei via acentric chromosome fragments and whole
chromosomes, which can be distinguished by kinetochore or
centromere detection using molecular methods; cytotoxicity

and apoptosis are also detected [39]. It is well documented
that most cytotoxic anticancer agents induce apoptosis,
increasing the possibility that defects in apoptotic programs
contribute to treatment failure [40]. Combined adminis-
tration of C. spinosa extract significantly reduced the inci-
dence ofMN in peripheral blood and reduced the percentage
of early and late apoptosis induced by KBrO3 exposure and
increased the percentage of viable cells. However, the
mechanism of action remains to be investigated and further
studies are necessary to clarify this point. It was evident in
this study that low doses of C. spinosa extracts were safe but
high doses exerted moderate toxicity. Conversely, some of
these compounds can be cytotoxic and/or genotoxic; others
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Figure 15: Flow cytometric analysis (annexin V-FITC/PI assay) of mice liver cells exposed to different concentrations of C. spinosa extracts
in combination with KBrO3 including untreated control for 72 h. Representative dot plots showing percentage of viable cells, early apoptosis,
late apoptosis, and necrotic cells. (a) Control. (b) 150mg/kg bw KBrO3. (c) 150mg/kg bw KBrO3 + 50mg/kg bw C. spinosa. (d) 150mg/kg
bw KBrO3 + 100mg/kg bw C. spinosa. (e) 150mg/kg bw KBrO3 + 150mg/kg bw C. spinosa.
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can be cytoprotective and/or antioxidant and antimutagenic.
+e 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.

5. Conclusion

+e current study revealed that leaves extract of C. spinosa
containing bioactive phytochemicals exhibited remarkable
antioxidant and protective potentials against the oxidative
stress and toxicity induced by potassium bromate (KBrO3).
On the other hand, C. spinosa extracts were lacking toxicity
at low doses but they showedmoderate toxicity at the highest
dose (500mg/kg bw).+is was because some of the bioactive
components present in crude extract might have potential
toxicity at higher concentrations.+erefore, further research
and development of the bioactive constituents from
C. spinosa as potential antioxidants with possible therapeutic
implications is required.
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