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Abstract.- Malaria is still one of the most devastating infectious diseases in the tropics. The present study aims
to investigate the protective role of pomegranate peel extract against Plasmodium chabaudi-induced spleen tissue
damage in mice. Animals were divided into three groups. Group I served as a vehicle control. Group Il and group Il1
were infected with 10° P. chabaudi-infected erythrocytes. Group Il was gavaged with 100 pl of 300 mg/kg
pomegranate peel extract for 6 days. All mice were sacrificed at day 6 post-infection. Treated mice with pomegranate
significantly showed approximately 50% reduction in parasitemia compared to untreated control. Infection also
induced a weight loss. Histochemical studies revealed that infection caused a decrease in both carbohydrates and
protein contents in the spleen. Pomegranate could improve these altered changes. Based on these results, it is
concluded that pomegranate peel could offer protection against splenic tissue damage.
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INTRODUCTION

Malaria, which is caused by the

apicomplexan parasite Plasmodium, is a major
cause of morbidity and mortality throughout the
world particularly in  developing countries
(Mehlhorn, 2001). Young children and pregnant
women are the groups most affected. It has been
estimated that half the world’s population are at
risk of malaria transmission in more than 100
countries (WHO, 2012). This has urged on intensive
drug discovery endeavors geared towards
identifying novel, potent and cheap anti-malarial
drugs. However, the identification of quality leads
from natural sources would significantly augment
these efforts.

Pomegranate (Punica granatum) has been
used in the folk medicine of many cultures
especially in the Middle East. It has been reported
that pomegranate exhibits antivirus, antioxidant,
antidiabetic, antidiarrheal, anticancer, anticoccidial
and antiproliferative activities (Abdel Moneim,
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2012; Abdel Moneim and El-Khadragy, 2013;
Dkhil, 2013)

The spleen plays an important role (especially
in areas where malaria is endemic) producing
antibodies against the malarial parasites (Mokashi et
al., 1992). The normal function of the spleen is to
remove abnormal erythrocytes and intraerythrocytic
inclusions. Malaria-infected red blood cells (iRBCs)
contain a highly proliferative Plasmodium parasite
which undergoes different blood stages of asexual
cycle (Sherman, 1998). Changes in splenic structure
during the course of malaria can result in
asymptomatic enlargement (Dkhil, 2009). However,
there is no reported study demonstrates the effect of
pomegranate on malaria induced infection in spleen.
Therefore, the current study aims to investigate the
antimalarial role of pomegranate peel extract (PPE)
as well as examining its ameliorative role on P.
chabaudi induced spleen damage in mice.

MATERIALS AND METHODS

Preparation of the pomegranate peel extract (PPE)

P. granatum peels were obtained from
pomegranate fruit purchased from a local market.
The samples were authenticated by Dr. Jacob
Thomas (Botany Department, College of Science,
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King Saud University, Saudi Arabia). PPE was
prepared according to the method described by
(Abdel Moneim, 2012) with some modification. Air
dried powder (100 g) of pomegranate peels was
extracted by percolation at room temperature with
70% methanol and kept at 4°C for 24 h. The
obtained extract was concentrated under reduced
pressure (bath temperature 50°C) and dried in a
vacuum evaporator. The residue was dissolved in
distilled water and used in this experiment.

Animals

Twenty four Swiss albino mice were bred
under specified pathogen-free conditions and fed a
standard diet and water ad libitum. The experiments
were performed only on mice at an age of 9-11
weeks and were approved by state authorities and
followed Saudi Arabian rules for animal protection.

Infection of mice

Blood stages of Plasmodium chabaudi were
weekly passaged in Swiss albino mice. Blood levels
of Plasmodium sp. were maintained in 9- to 14-
week old Swiss albino mice (weight, 20-25 g) by
weekly passages of infected blood as described
previously (Wunderlich et al., 1991). Experimental
animals were challenged with 10° P. chabaudi-
parasitized erythrocytes. Parasitemia was evaluated
in Giemsa stained blood smears, and total
erythrocytes were counted in a Neubauer chamber.

Experimental design

Animals were divided into three groups. The
first group served as a vehicle control. The second
and the third group were infected with 10°
Plasmodium chabaudi-parasitized erythrocytes. The
third group was gavaged with 100 pl of 300 mg/kg
PPE for 6 days (Dkhil, 2013). All mice were
sacrificed at day 10 post-infection.

Histochemistry of spleen

Pieces of spleen were formalin fixed at room
temperature overnight, embedded in paraffin and 5
um sections were prepared. Spleen sections were
stained with periodic acid-Schiff’s method to
demonstrate total carbohydrates (Hotchkiss, 1948)
and with bromophenol blue method to demonstrate
total proteins (Mazia et al., 1953). Prepared slides

were carefully examined for each animal and at least
three slides from different areas of the organ were
examined.

Statistical analysis

Statistical analyses were performed using
Student’s t-test; p<0.05 is considered statistically
significant.

RESULTS

Through examination of blood smears
(Fig.1), parasitemia were found to be evident on day
4 p.i., On day 5 p.i., the parasitemia reached about
18% and on day 6 p.i., it reached the maximum
level (about 40%). PPE was able to reduce the
parasitemia to about half on day 6 p.i. (Table I).

Fig. 1. Giemsa stained blood smear from
mouse infected with P. chabaudi. Magnification

x 100.
Table I.- Pomegranate induced changes in parasitemia
Days p.i. Parasitemia (%)
Infected (- PPE) Infected (+ PPE)
Day 4 1.6+£0.8 1.240.4
Day 5 18+4 13+3*
Day 6 41+6 23+5*

Values are means + SD. * indicates statistical significance
at p < 0.05 (Student t test) compared to untreated.

On day 6 p.i., the infection induced a
significant weight loss (Fig. 2). Treatment of mice



EFFECT OF POMEGRANATE ON MURINE MALARIA 1347

with 300 mg/Kg PPE caused a significant increase
in the reduced weight due to infection (Fig. 2).
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Fig. 2. Pomegranate induced changes in
weight of P. chabaudi infected mice. Values are
means * SD; a, significant change at p < 0.05
compared to non-infected mice; b, Significant
change at p < 0.05 between treated and
untreated infected mice.

P. chabaudi infection caused a disturbance in
the carbohydrate and protein content in spleen of
mice. Control spleen sections stained with PAS
method are shown in Figure 3A. Spleens of infected
mice showed a slight decrease in the carbohydrate
content (Fig. 3B). Spleens of mice treated with PPE
could improve the decreased amount of
carbohydrates (Fig. 3C).

The examination of spleen sections from the
control group stained by bromophenol blue method
showed normal protein content (Fig. 4A). Protein
content was moderately decreased in the splenic
cells of mice infected with P. chabaudi (Fig. 4B).
PPE could improve the decreased content of
proteins in the spleens infected with P. chabaudi
(Fig. 4C).

DISCUSSION

The plant kingdom is a source of a vast array
of natural products that have been exploited as
medicaments for a variety of disease conditions.
Traditional medicines have been used to treat
malaria for many years and are the source of the
two main groups of modern antimalarial drugs
(artemisinin and quinine derivatives). These

4 8

C

Fig. 3. Total carbohydrates in spleen
sections; A, control spleen; B, spleen of
infected mice with a slight decrease in
carbohydrate content; C, spleen of infected
pomegranate treated mice with  some
improvement. Sections were stained with
periodic acid Schiff’s method. Bar indicates 50
pm.

antimalarial drugs were derived from plants and are
still effective in treating malaria (Bodeker and
Willcox, 2000) although they are relatively
expensive for the rural dwellers that are
predominantly at risk of the disease. Thus, such
people resort to cheaper available traditional
medicines which are major herbs.
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Fig. 4. Protein content in spleen sections;
A, control spleen with a considerable amount of
protein elements; B, infected spleen section
with a weak response towards bromophenol
blue reaction; C, spleen of infected-treated mice
with some improvement. Sections were stained
with bromophenol blue method. Bar indicates
50 pm.

The spleen acts as an effectors against
malaria infection (Chotivanich et al., 2002). Normal
spleen is composed of white and red pulps
surrounded by a capsule of dense connective tissue.
The white pulp is composed of a central, T-cell rich
zone, and a periarterial lymphoid sheath surrounded
by B-cell-rich primary follicles. The white pulp was
separated from the red pulp by the marginal sinus
embedded in a layer of marginal zone lymphocytes.
During the course of P. chabaudi infection there is a
disturbed T-cell areas and changes in splenic
architecture (Dkhil, 2009).

Pomegranate has strong antioxidant and anti-
inflammatory properties (Abdel Moneim, 2012).
Despite the many studies conducted to examine the
efficacy of P. granatum in treating many diseases
and microbial infections, much remains unknown
about its effects on parasitic infections. However,
some studies have indicated that P. granatum has
anti-helminthic (Fernandes et al., 2005; Korayem et
al., 1993) and anti-protozoan activities (Calzada et
al., 2006; Dell'Agli et al., 2010). Recently, Dkhil
(2013) reported the anthelminthic and anticoccidial
activity of the pomegranate peel extract.
Furthermore, Dell'Agli et al. (2010) reported the
antimalarial activity of the fruit of pomegranate in
vitro.

The intraethrythrocytic malaria parasites rely
mainly on glycolysis for energy generation
(Olszewski and Llinas, 2011). Glucose from the
plasma enters into the Plasmodium cytoplasm and is
subsequently degraded to lactate via the anaerobic
Embden-Meyerhoff-Parnas (EMP) pathway
(Crawford et al., 2003). P. falciparum was shown to
have a high activity of the glycolytic enzymes and
of lactate dehydrogenase when compared to
uninfected RBC (Roth et al., 1988). This
phenomena is consistent with our study which
showed the evident reduction of total carbohydrate
in P. chabaudi infected mice compared to that of
uninfected indicating may be the homology between
different malaria species in highly demanding of
carbohydrate fermentation to meet the energy
requirement for highly proliferative parasite.
However, further biochemical and molecular studies
need to be conducted to determine these similarities.
Interestingly, PPE has demonstrated a protective
effect on injured splenic tissue of PPE treated P.
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chabaudi infected mice as compared to untreated.

Moreover, asexual malaria parasite blood
stage obtains most of the amino acids required for
protein synthesis and other metabolic functions from
the digestion of RBC haemoglobin (Goldberg,
2005). However, haemoglobin is not the only source
for amino acids but rather the Plasmodium salvage
from the free amino acids pool in the plasma while
some amino acids are biosynthesized by the parasite
itself from glucose and CO, (Sherman, 1977, 1979).
Our study showed that the total protein content of
spleen in P. chabaudi infected mice had a markedly
weak response to bromophenol blue compared to
uninfected. Significantly, the total protein content of
spleen in PPE treated P. chabaudi infected mice
revealed a better improvement and response when
compared to untreated infected mice. This may
indicate that PPE interfere with the parasite amino
acid uptake processes. Overall, it appears that PPE
has a potential protective role against malarial
infection which can be used in controlling the
disease.

ACKNOWLEDGMENT

The authors extend their appreciation to the
Deanship of Scientific Research at King Saud
University for funding this work through research
project no. NFG-14-02-19.

REFERENCES

ABDEL MONEIM, AE., 2012. Evaluating the potential role of
pomegranate peel in aluminum-induced oxidative stress
and histopathological alterations in brain of female rats.
Biol. Trace Elem. Res., 150:328-336.

ABDEL MONEIM A.E. AND EL-KHADRAGY, M.F., 2013.
The potential effects of pomegranate (Punica
granatum) juice on carbon tetrachloride-induced
nephrotoxicity in rats. J. Physiol. Biochem., 69:359-
370.

BODEKER, G. AND WILLCOX, M., 2000. The first
international meeting of the research initiative on
traditional antimalarial methods (RITAM) J. Altern.
Complem. Med., 6:195-207.

CALZADA, F., YEPEZ-MULIA, L. AND AGUILAR, A,
2006. In vitro susceptibility of Entamoeba histolytica
and Giardia lamblia to plants used in Mexican
traditional medicine for the treatment of gastrointestinal
disorders. J. Ethnopharmacol., 108:367-370.

CHOTIVANICH, K., UDOMSANGPETCH, R., MCGREADY,
R., PROUX, S., NEWTON, P,
PUKRITTAYAKAMEE, S., LOOAREESUWAN, S.
AND WHITE, N.J., 2002. Central role of the spleen in
malaria parasite clearance. J. Infect. Dis., 185:1538-
1541.

CRAWFORD, M.J., FRAUNHOLZ, M.J. AND ROOQS, D.S.,
2003. Energy metabolism in the Apicomplexa. In:
Molecular medical parasitology (eds. J.J. Marr, T.W.
Nilsen, and R.W. Komuniecki), Academic Press.
London, UK, pp.154-169.

DELL'AGLI, M., GALLI, G.V., BULGARI, M., BASILICO,
N., ROMEDO, S, BHATTACHARYA, D.,
TARAMELLI, D. AND BOSISIO, E. 2010.
Ellagitannins of the fruit rind of pomegranate (Punica
granatum) antagonize in vitro the host inflammatory
response mechanisms involved in the onset of malaria.

Malar. J., 9:208
DKHIL, MA., 2013. Anti-coccidial, anthelmintic and
antioxidant  activities of pomegranate  (Punica

granatum) peel extract. Parasitol. Res., 112:2639-2646.

DKHIL, M.A., 2009. Apoptotic changes induced in mice
splenic tissue due to malaria infection. J. Microbiol.
Immunol. Infect., 42:13-18.

FERNANDES, R.M., RODRIGUES, M.L.A., BORBA, H.R,,
MZLCM, F. AND AMORIM, A., 2005. Anthelminthic
activity of plants in broiler chickens naturally infected
with Ascaridia galli. Arg. Brasil.Med. Vet. Zootec.,
57:264-266.

GOLDBERG, D.E., 2005. Hemoglobin degradation. Malaria
Drugs Dis. Post-Geno. Biol., 295:275-291.

HOTCHKISS, R.D., 1948. A microchemical reaction resulting
in the staining of polysaccharide structures in fixed
tissue preparations. Arch. Biochem., 16:131-141.

KORAYEM, AM. HASABO, S.A. AND AMEEN, H.H,
1993. Effects and mode of action of some plant-extracts
on certain plant parasitic nematodes. Anz. Schadlingsk.
Pflanzensch. Umweltsch., 66:32-36.

MAZIA, D., BREWER, P.A. AND ALFERT, M., 1953. The
cytochemical staining and measurement of protein with
mercuric bromphenol blue. Biol. Bull., 104:57-67.

MEHLHORN, H., 2001. Encyclopedic reference of
parasitology: diseases, treatment, therapy. Second
edition.

MOKASHI, AJ., SHIRAHATTI, R.G., PRABHU, S.K. AND
VAGHOLKAR, K.R., 1992. Pathological rupture of
malarial spleen. J. Postgrad. Med., 38:141-142.

OLSZEWSKI, K.L. AND LLINAS, M., 2011. Central carbon
metabolism of Plasmodium parasites. Mol. Biochem.
Parasitol., 175:95-103.

ROTH, E.F., CALVIN, M.C., MAXAUDIT, I, ROSA, J. AND
ROSA, R., 1988. The enzymes of the glycolytic
pathway in erythrocytes infected with plasmodium-
falciparum malaria parasites. Blood, 72:1922-1925

SHERMAN, L.W., 1977. Amino-acid metabolism and protein-



1350 M.A. MUBARAKI ET AL.

synthesis in malarial parasites. Bull World Hith. Organ., 260.

55:265-276. WUNDERLICH, F., MARINOVSKI, P., BENTEN, W.P.M.,
SHERMAN, L.W., 1979. Biochemistry of Plasmodium (malarial SCHMITTWREDE, H.P. AND MOSSMANN, H.,

parasites). Microbiol. Rev., 43:453-495. 1991. Testosterone and other gonadal factor(s) restrict
SHERMAN, LW., 1998. A brief history of malaria and the efficacy of genes-controlling  resistance t?

discovery of the parasite’s life cycle. In: Malaria: Plasmodium-chabaudi malaria. Parasite Immunol., 13:

parasite biology, pathogenesis, and protection (ed. .W. 357-367.

Sherman), American Society for Microbiology Press. . .
Washington DC, pp. 3-10. (Received 11 June 2014, revised 3 August 2014)

WHO, 2012. World Health Organization, World malaria
report: 2012. World Health Organization, Geneva, pp.



