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Abstract

Malaria is still taking the lead as one of the deadliest infectious diseases worldwide, appealing
continuous research for further understanding the biology and the pathogenesis of this fascinating
parasite. Discovering effective alternative drugs, however, remains a challenging task to address today’s
enigmatic problem, the emergence of resistant strains. Factually, the presence of potent natural products
considered as a basis for traditional medicine. Ziziphus spina-christi (L.) is a common plant in gulf
region and other nations, as a part of their traditional medicine. The aim of this study was to evaluate
the antiplasmodium and the antioxidant activity of Z. spina-christi leaf extracts (ZLE) against
Plasmodium berghei induced liver and spleen injury. The study involved three groups; a vehicle control
group, infected with 106 P. berghei-parasitized erythrocytes group and ZLE treated-infected mice with
106 P. berghei-parasitized erythrocytes group. The histopathological examination of the liver and spleen
showed sever histological changes. Animals treated with ZLE showed a significant improvement in the
histological picture of liver and spleen. Biochemical analysis revealed that treatment with ZLE resulted
in a significant reinstating of the oxidative markers back to normal level. It could be concluded that ZLE
have a power protective role against Plasmodium infection.
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Introduction
Ground breaking strategies have been made in the fight against
the entirely preventable and treatable disease, malaria.
However, malaria still remains one of the deadliest infectious
diseases today, causing annually high mortality rate [1]. The
malarious patient is manifested by having recurrent febrile
episodes which are due to asexual cycle of Plasmodium-
infected red blood cell. Once infectious sporozoite enters the
bloodstream, it homes in liver where the clinically silent pre-
erythrocytic stages of Plasmodium life cycle take place. In
liver, each invading sporozoite differentiates and divides
mitotically resulting in the release of thousands of liver
merozoites that invade erythrocytes [2]. During malaria, spleen
is known to have central role in clearance of malaria parasite,
production of new red blood cells and inducing of immunity
[3]. Studies of malaria pathogenesis revealed a dramatic, albeit
variable hepatic and splenic response of which spleen
pathology is mostly characterized by splenomegaly. In point of
fact, the intensity of malaria transmission in endemic regions
usually had been determined through the size of spleen [4-6].
On the other hand, liver pathology usually varies from slight
variations in liver function tests to severe liver failure [7,8].

Regarding controlling malaria, vector control, effective
vaccination and potent antimalarial drug considered the power
of integrated action. Vector control applied to reduce malaria

transmission [9] whereas malaria vaccine such as RTS’S (also
known as MosquirixTM) aims toward malaria eradication
which is currently in clinical phase III trials and safety trial
[10]. Regarding antimalarial drugs, malaria treatments have
been complicated with the development of resistance against
artemisin in-based combination therapies as well as the
previous first-line therapies [11]. Nature has been bestowed
with an enormous wealth of medicinal plants. Thus, exploring
variety of natural origin sources for bioactive compounds
became the area of high interest. Zizyphus spina-cristi (L.)
Willd. (ZSC) belongs to family Rhamnaceae, common names
Sidr in Arabic and Christ’s thorn or Jerusalem-thorn in English.
ZSC is widely used in traditional medicine across gulf region
and other nations in the management of pain and inflammatory
related problems [12,13]. ZSC also knows to exhibit effective
antioxidant, hepatoprotective, antimicrobial and anti-
inflammatory properties [14-16]. Moreover, antidiabetic and
antihyperglycaemic effects have been related to ZSC [17,18].
Interestingly, Adzu et al. showed that the Z. spina-christi has
an antiplasmodial activity against rodent parasite Plasmodium
berghei berghei [19].

The fact that Plasmodium berghei, rodent malaria parasite,
shared many of the pathological and immunological features
with the human malaria parasite, P. falciparum, makes it an
appropriate model to study the role of liver and spleen during
malaria infection [20,21]. Therefore, the present study aims to
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examine the potential role of Z. spina-christi leaf extracts on
murine malaria parasite induced hepatic and spleen tissue
damage.

Materials and Methods

Leaf extracts preparation
According to Abdel Moneim [22], Ziziphus spina-christi leaf
extracts (ZLE) was prepared with slight modifications. Air
dried powder (100 g) of ZLE was extracted using percolation
with 70% methanol at room temperature and reserved at 4°C
for 24 h. Concentration of the obtained extract was carried out
under reduced pressure (bath temperature 50°C) before being
dried in a vacuum evaporator. For experimental use, the
residue was dissolved using distilled water.

Mice and P. berghe infection
Adult C57BL/6 male mice were obtained from the animal
house facility at King Faisal Hospital, Riyadh. Upon strict
accordance with the institutional and national official guideline
for the project number NFG-15-02-07, animals were
maintained in a specific pathogen-free condition at the
department of Zoology animal housing facilities. P. berghei
was passaged in Swiss albino mice and as soon as parasitemia
reached 20%, parasitized blood was used to infect mice. An
intraperitonial injection of 1 × 106 P berghei-infected
erythrocytes was inoculated to the disignated groups of mice.
Blood smears were stained with Giemsa stain and parasitemia
were calculated. Neubauer chamber was also used to estimate
the cell number per ml.

Experimental design
Three groups were allocated as follows; a vehicle control
group, infected with 106 P. berghei-parasitized erythrocytes
group and ZLE treated-infected mice with 106 P. berghei-
parasitized erythrocytes group. The last group was gavage with
100 μl of 300 mg/kg ZLE for 9 days [23]. Scarification of all
mice was conducted at day 9 post-infection (p.i.).

Histopathology of liver and spleen
Liver and spleen were aseptically extracted and fixed in neutral
buffered formalin. Following fixation, specimens were
dehydrated, embedded in wax, and then sectioned to 5 microns
thickness. For histological inspections, haematoxylin and eosin
stains were used to stain the sections.

Regarding liver examination, the extent of histological changes
was scored according to Jamshidzadeh et al. [24] as follows: 0:
absent;+: mild;++; moderate; and +++: severe. According to a
modified quantitative Ishak scoring system, the liver activity
index was estimated as the following; scores of 1-3 were
assigned to cases of minimal liver damage, scores of 4-8: mild,
scores of 9-12: moderate, and scores of 13-18: severe [25]. For
the spleen, a semi-quantitative scoring system was used [26].
Segments of spleen were scored for the enlargement of B- and
T-lymphocyte areas in red and white pulps (0, absent; 1, slight;

2, moderate; and 3, pronounced) and for the increased number
of apoptotic cells, macrophages, necrotic cells and presence of
pigments (0, absent; and 1, present). Scoring of each tissue
sample represented the mean score of five different high
microscopic power fields.

Oxidant/antioxidant status
Homogenization of known weights of liver and spleen tissues
was carried out in phosphate buffer. Using Ellman's reagent,
Glutathione (GSH) level was determined in both homogenates
[27] whereas the nitric oxide (NO) level was measured
following Berkels et al. method [28]. Moreover, according to
the method of Ohkawa et al. [29], lipid peroxidation level in
homogenates was recorded.

Statistical analysis
A statistical package program (SPSS version 17.0) was used to
perform one-way ANOVA and statistical comparisons between
the groups with Duncan’s test. P ≤ 0.05 was considered as
significant for all the statistical analyses.

Results

Figure 1. ZLE ameliorates hepatic tissue damage induced by P.
berghei-parasitized erythrocytes. Sections of mouse liver showing (A
and B) Infected liver showing congested central vein, damaged bile
ducts and massive vacuolar degeneration with abnormal nuclei. Liver
contained inflammatory cells (star), parasitized erythrocytes (arrow
head), malaria pigments (arrow) and hepatocyte vacuolation (black
arrowhead); (C) infected-ZLE treated mice group showing improved
structure, more or less normal hepatocytes. (D) Liver histology score
according to Jamshidzadeh et al. Values are means ± SD. a:
Significant change at P ≤ 0.05 with respect to uninfected mice. ab:
Significant change at P ≤ 0.05 between infected and infected-treated
mice. Sections are stained with hematoxylin and eosin. Bar=25 µm.

Initially, the effect of ZLE against Plasmodium berghei
induced hepatic injury was observed through parasitemia level.
Significantly, reduction of the parasitemia level in ZLE treated
infected mice was recorded in comparison with that of
untreated infected group (data not shown). This effect may
points out the possible antimalarial activity of ZLE.
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Figure 2. ZLE improves splenic tissue damage induced by P. berghei-
parasitized erythrocytes. (A), the infected mice spleen with P. berghei,
on day 9, show prominent migration of macrophages in white pulp
region and RBCs congestion in the red pulp region (arrow head). (B),
Infected-ZLE treated mice group display improved architecture. (C),
Spleen histology scores according to Giamarellos-Bourbouliset al.
Values are means ± SD. a: Significant change at P ≤ 0.05 with respect
to uninfected mice. ab: Significant change at P ≤ 0.05 between
infected and infected-treated mice. Sections are stained with
hematoxylin and eosin. Bar= 25 µm. WP, white pulp. RP, red pulp.

Regarding the histopathological results, liver sections of mice
infected with P. berghei infected erythrocytes revealed
inflammatory cell infiltration of which prominent van Kupffer
cells and hepatocyte vacuolation were observed (Figures 1A
and B). ZLE was able to significantly improve and preserve the
hepatocellular structure (Figure 1C) as well as revealing
significant changes in the total histological injury scores in
liver of infected mice with P. berghei (Figure 1D). With
regards to the spleen histopathological result, changes to the
spleen following malaria infection include splenomegaly and
hyperplasia of the white pulp regions which also shows

prominent migration of macrophages and lymphocyte
destruction. Moreover, the red pulp of splenic tissues infected
with P. berghei showed significant congestion of both red
blood cells (RBCs) and packed RBCs (pRBCs) (Figure 2A).
Remarkably, the remedy effect of ZLE was further observed in
infected treated splenic tissues that revealed noprominent
migration of macrophages in the white pulp nor intensive
RBCs congestion in the red pulp (Figure 2B). All of these
observations are supported by the splenic histology index that
revealed a significant change in the Infected-ZLE treated mice
group in comparison with that of infected mice group (Figure
2C).

Table 1. Effect of Z. spina-christi leaf extracts on mice liver
glutathione, nitric oxide and malondialdehyde level in mice infected
with P. berghei at day 9.

Groups Glutathione

(mg/g)

Nitric oxide

(μmol/g)

Malondialdehyde

(nmol/g)

Uninfected 22.4 ± 1.8 330 ± 84 6 ± 0.3

Infected 5.5 ± 2.8a 1070 ± 107a 11.4 ± 2a

Infected-treated 18.4 ± 1.8ab 570 ± 95ab 7.6 ± 1ab

Values are means ± SD (n=6).
aSignificant change at p<0.05 with respect to uninfected mice.
abSignificant change at p < 0.05 with respect infected mice.

Table 2. Effect of Z. spina-christi leaf extracts on mice spleen
glutathione, nitric oxide and malondialdehyde level in mice infected
with P. berghei at day 9.

Groups Glutathione

(mg/g)

Nitric oxide

(μmol/g)

Malondialdehyde

(nmol/g)

Uninfected 27 ± 2 138 ± 5 19.6 ± 1

Infected 3.6. ±1.8a 354±55a 10.4 ± 2a

Infected-treated 11.4 ± 2.2ab 178 ± 6ab 14 ± 1ab

Values are means±SD (n=6).
aSignificant change at p<0.05 with respect to uninfected mice.
abSignificant change at p<0.05 with respect infected mice.

With respect to the liver oxidative damage in mice infected
with P. berghei, the levels of the hepatic oxidative markers,
glutathione, nitric oxide and malondialdehyde (MDA) were
significantly (P ≤ 0.05) altered. Significantly, the hepatic
glutathione, NO and MDA were remarkably improved in ZLE
treated mice (Table 1). These results are reinforced by
representing the spleen oxidative damage upon infection where
thelevels of the splenic oxidative markers were significantly (P
≤ 0.05) changed. Similarly, ZLE successfully improved the
level of splenic oxidative markers back to normal levels (Table
2).

Discussion
The growing resistance to current malaria drugs advocated for
applying different tactics to eliminate malaria. One of these
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tactics is the exploring traditionally used herbal medicines for a
mission of finding an alternative antimalarial drug. Zizyphus
spina-christi plant is commonly used in Egyptian folk
medicine for the treatment of different diseases. Z.spina-
christi, in other cultures, is known as a blood purifier and as a
therapy for epilepsy, dermatitis and hepatic diseases [18]. Z.
spina-christi was used in the present study to evaluate its
potential role on P. berghei induced hepatic and splenic
inflammation. In malaria, parasitemia usually corresponded
with weight change of the infected host. Expectedly, the
significant fall of the body weight percentage of infected mice
(data not published) was corresponding with the parasitemia
level. Parasitemia level was high in the infected group whereas
in the infected-ZLE treated mice group, the level was
significantly reduced. This was in a line with Mishra and
Bhatia study [30] that showed the effectiveness of Ziziphus
mauritiana in reducing the parasitemia level in Swiss albino
mice upon Plasmodium berghei berghei induced infection.
Essentially, these observations were reinforced by the
remarkable remedy effects of ZLE on the histological
appearance of both infected liver and spleen tissues.

Generally, malaria-associated hepatocellular dysfunction has
been recorded in variable degrees that ranges from elevated
liver enzymes, jaundice, hepatomegaly to altered
histopathological findings and liver failure [7,8]. Expectedly,
the liver of infected mice with P. berghei in this study showed
signs of inflammatory cell infiltration and hepatocyte
vacuolation which has been suggestively ameliorated upon
ZLE treatment. Likewise, a study conducted by Amin and
Mahmoud-Ghoneim [31] reported the effectiveness of Z.
spina-christi in treating and preventing hepatic fibrosis caused
by carbon tetrachloride. These data generally indicate the
ability of ZLE to reserve the hepatocellular membrane integrity
and the hepatic architecture. Concurrently, architectural
changes that accompany malaria infection to splenic tissue
have been recorded in this study. Significantly, hyperplasia of
the white pulp regions and migration of macrophages have
been observed beside significant congestion of both RBCs and
pRBCs in the red pulp of splenic tissues infected with P.
berghei. These data are in agreement with previous studies that
showed striking changes in splenic cell distribution flowing P.
chabaudi chabaudi infection [32,33]. Once more, the
effectiveness of ZLE in diminishing the malaria-associated
splenic dysfunction has been standing out in this study. ZLE
was able to reinstate the splenic architecture back to uninfected
control state. A study by Ali and Hamed presented the
pronounced improving activity of Z. spina-christi extracts in
the histopathological picture of liver, kidney and spleen which
were affected by Schistosoma infection [34].

With regards to the antioxidant effects of Z. spina-christi
extracts, as known that most of the malaria pathogenesis is
mounted by the body immune system [35,36], hepatic and
splenic inflammation is also occurred as a consequence of an
excessive host inflammatory response to the causative
pathogen and the imbalance of pro-and anti-inflammatory
mediators [3,37]. Importantly, the oxidative markers,
glutathione, nitric oxide (NO) and malondialdehyde (MDA),

were increased significantly upon P. berghei induced hepatic
and splenic inflammation. In this study, ZLE showed a
protective effect of hepatic and splenic tissues through
reinstatement the normal levels of the oxidative markers and
impeding the progression of hepatic and splenic fibrosis. This
was in line with Yossef et al’s study who reported similar
findings of ZLE protective effect in mice intoxicated with
carbon tetrachloride (CCl4) [38]. Furthermore, El-Rigal et al.
stated the ability of ZLE in amelioration the hepatic disorders
through restoring the normal levels of MDA in Schistosoma
mansoni infected mice [39].

To conclude, although at this initial stage the exact mode of
action of Z. spina-christi extract has not been explained, the
present study has shown that methanolic leaf extract of Z.
spina-christi possess antiplasmodial activity. This observed
antiplasmodial activity may be referred to the presence of butic
acid and ceanothic acid (a ring-A homologue of betulinic acid)
[34]. Further investigations are needed to identify the active
constituents and the mode of action responsible for
antiplasmodial activity of Z. spina-christi.
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