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Background and Aims: The aim of this study is to clarify nitric oxide (NO)-
production by spleen and the importance of spleen in malaria infection in murine
model.

Materials and Methods: Thirty outbred NMRI female mice were divided into
four groups, Group I: No intervention (Healthy control), Group Il: With
splenectomy (Healthy test), Group Ill: No intervention, Inoculation of
contaminated blood (Infected control), Group IV: With splenectomy, inoculation
of contaminated blood (Infected test). The Parasitemia was counted every other
day through Giemsa stain examination of animal blood. The parasitemia and
survival rates, hepatosplenomegaly and body weight were recorded. After terminal
anesthesia, plasma and liver/spleen suspensions were assessed by the Griess micro
assay for measurement of NO-levels.

Results: At the end of the experiment (on day 16), the parasitemia was 26.99+0.46
% among the group of non-splenectomized animals (Group I11) compared with
31.25+0.72% among the group of splenectomized animals (Group V). The
average parasitemia among the groups at the end of the experiment was
statistically significant (Group Ill, Group IV: p= 0.0002). Survival rate was
statistically significant (p<0.0001). NO concentrations in plasma, liver and spleen
were determined. The amount of NO in plasma increased significantly in the
infected groups (p=0.0003).

Conclusions: Although, splenectomy decreased immune function against rodent
malaria, it did not solely changed the pattern of antimalarial activity via NO-
pathway. It is concluded that NO possibly comes from several sources rather than
spleen during rodent malaria disease and is released into circulation, which may
replace NO shortage by splenic cells to combat malaria parasites.
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Introduction

Malaria is a vector-borne infectious disease
caused by parasitic protozoa of the genus
Plasmodium. The parasites are spread through
the bites of infected Anopheles mosquitoes.
Approximately 3.2 billion people are at the risk
of malaria. In 95 countries, there were about 214
million cases of malaria and an estimated
438,000 deaths in 2015. The majority of the
cases occur in children under 15 years old [1, 2].
The disease is widespread in the tropical and
subtropical areas including Sub-Saharan Africa,
Asia, and Latin America [2,3]. Malaria is
commonly associated with poverty and has a
major negative effect on economic development,
including loss of budget due to heal thcare costs,
loss of working ability, and some effects on
tourism [4-6].

Rodent malaria parasites are applied extensively
as the study models of human malaria [7, 8]. Four
different species that infect African rodents have
been adapted for laboratory use: Plasmodium
berghei (P. berghei), P. yoelii, P. chabaudi and
P. vinckei. Small differences exist in the biology
of them in laboratory mice and this makes
these species appealing models for investigating
different aspects of human malaria, including
antigenic variation, drug resistance and
immune evasion [9, 10]. P. berghei preferably
invades reticulocytes and usually produces
infections in mice, hence inducing severe
pathology [8].

The normal function of the spleen is to remove
abnormal erythrocytes and intra-erythrocytic
inclusions. Malaria infected red blood cells

(RBCs) containing an increasingly large and

rigid parasites [11, 12]. The parasitized RBCs
(PRBC) adheres to the vascular endothelium and
thereby avoid splenic removal. Damage to the
malaria parasite as a result of either drug
treatment or host defense mechanisms leads to
parasite clearance. Splenectomy frequently
delayed morbidity of the infection, suggesting an
active role of the spleen in the generation of an
immunopathological reaction during a primary
infection in the intact animal [11, 13].

Nitric oxide (NO) has been identified as
a major effector molecule during the majority of
parasitic infections. It seems that NO is not the
only antiparasitic agent for immunological
activity against parasites [14]. There is
evidence that the activated macrophages are
able to eradicate intracellular Leishmania
major, Toxoplasma gondii and extracellular
Schistosoma sp. parasites by the release of
NO [15]. The production of NO and its
derivatives has been reported in the majority of
parasitic infections, including Giardia lamblia,
Entamoeba coli [16], Leishmania amazonensis
[17], Toxoplasma gondii [18], Leishmania
mexicana [19], Schistosoma mansoni [20],
Opisthorchis viverrini [21] and Clonorchis
sinensis [22].

Inducible NO (iNOS) is an antipathogen and
tumoricidal agent. However, its production
requires a tight control because of cytotoxic
and immune modulation activity [23, 24].
Several parasites are highly sensitive to NO and
their derivatives; however, some of the parasites
represent a moderate sensitivity to the

production of toxic molecules [25].
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Interestingly, hemo-globin, myoglobin, and
neuroglobin may protect intracellular protozoa
from the antiparasitic effects of NO [26]. Despite
the wide evidence about anti-protozoal effects of
NO, little efforts have been made to develop NO-
based drugs in human medicine and to avoid
toxic effects against non-target host cells [27].
The main control of malaria is achieved by NO-
mediated mechanisms. The protection from
cerebral malaria in African children is linked
with iINOS [24]. There is conflicting evidence
regarding the role of NO in the process of
resistance against malaria parasites. Schizonts
treated in vitro with NO donors caused a delayed
infection to mice in a dose and time-dependent
manner, which suggests an inhibitory role for
NO [28] with influence on parasitemia and
survival of P. berghei in infected mice or rats
[29, 30]. Moreover, severe malaria is associated
with reduced NO production [31] and iNOS
variants in regions of differing disease
manifestation [32]. Low NO bioavailability
might contribute to pathologic activation of the
immune system [33] and to the experimental
cerebral malaria [34]. The mechanism of NO
action on malaria, explains the existence of its
molecules in the food vacuole which is a critical
parasitic compartment involved in hemoglobin
degradation, heme detoxification and a target for
antimalarial drug action [35, 36]; therefore
hemoglobin protects Plasmodium parasites from
oxygen radicals [37]. The aim of this study was
to investigate the effect of splenectomy on NO
induction and its role in the pathogenesis of
rodent malaria caused by P. berghei infection in
outbred NMRI mice.

Materials and Methods

Animals and groups

Thirty female outbred NMRI mice (supplied
with the Karaj Laboratory Animal Unit, Pasteur
Institute of Iran), 4 to 6 weeks old and weighed
between 20-22 gr were used in this study. The
mice were housed at room temperature (20-
23°C) on a 12-h light and 12 h dark cycle, with
unlimited access to food and tap water.
Experiments with animals were conducted
according to the ethical standards formulated in
the Declaration of Helsinki, and measures were
taken to protect animals from pain or discomfort.
It was approved by the institutional ethical
review board (Ethical Committee of the Pasteur
Institute of Iran), where the antimalarial test
was performed.

The animals were divided into four groups of
five and the procedures were performed by each
group as described below:

Group I: No intervention (healthy control)
Group II: with splenectomy (healthy test)
Group IlI: No intervention, Inoculation of
contaminated blood (infected control)

Group IV: With splenectomy, inoculation of
contaminated blood (infected test)

Surgical procedures

Twenty four hours after sub-inoculation of
10° PRBC into clean mice, groups Il, and IV
underwent surgery. Ether (diethyl ether;
MERCK, Germany) induction was attained by
placing the mouse in a bell jar containing cotton
wool soaked in ether, and the maintenance of
anesthesia during the operation was effected by
Tarin & Sturdee's (1972) method. This was

accomplished with anti-sepsis and sterilized,
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median laparotomy and spleen exposure. In
order to increase mice survival animals during
surgery, they were taken from the anesthesia
after a few seconds. In animals, the ligation of
the main pedicle and of the main spleen-gastric
vessel was held and the organ was subject to
total ablation. At the end of the surgery, the
abdominal wall was closed. The mice received
povidone iodine antiseptic and sterile dermal
ointment tetracycline on the sutured area. The
animals were then placed in the recovery room
and incandescent surgical lamps were used to
raise the temperature to around 30°C during
post-anesthetic recovery. Each operation lasted
at least 10 minutes.

Malaria parasites

P. berghei NY, kindly donated by the School of
Life Sciences, University of Manchester, UK.
Malaria parasite was maintained by blood
passage in NMRI mice when active parasites
were required; otherwise it was stored at -70°C
in Alserver’s solution (2.33 % glucose, 0.52 %
NaCl and 1.00% sodium citrate in deionized
water) and glycerol (9:1 parts by volume). The
parasite was maintained at the Department of
Parasitology, Pasteur Institute of Iran in Tehran.
Inoculation of malaria parasites

Mice were inoculated (0.2 ml) intravenously into
a tail vein with blood from a donor mouse (41%
parasitaemia P. berghei) diluted with 0.85%
saline to contain 2x10° PRBC.

Assessment of pathology

Evaluation of the parasitemia level

The evolution of the parasitemia level in the
mice was determined from thin smears made
from the tail blood during 16 consecutive days.

After taking the smear, it was fixed with 100%

methanol and stained with Giemsa solution
(Sigma Chemical Co., USA). The hemoscopic
examination was performed using an optical
microscope, with 1000xmagnification. PRBCs
were counted in five different fields, each having
approximately 200 cells. Results are expressed
as the mean percentage (%) of erythrocytes
containing Giemsa positive bodies. Experiments
were licensed under the Animals (Scientific
Procedures) Act 1986. In compliance with the
conditions of this license, infected animals were
humanely killed at the onset of the terminal
phase of malaria (P. berghei NY) infection.
Calculation of parameters

Assessment of degree of hepatosplenomegaly
Entire livers and spleens were removed post-
mortem at the end of the experimental period
from mice after induction of terminal general
anesthesia by inhalation of diethyl ether (Sigma
Co., Germany). Organs wet weight were
measured and compared with controls as indices
for the degrees of hepatomegaly and
splenomegaly. Body weight was measured
initially and at different times of experiments
using a top pan balance (OHAUS Scale Corp.,
USA).

Preparation of tissue homogenates for
Reactive Nitrogen Intermediates (RNI) assay
Mice were terminally anesthetized by inhalation
of diethyl ether (BDH, UK) 1 h after
determination of parasitemia and humanely
sacrificed by cervical dislocation. After blood
taking, the whole livers and spleens were
removed post-mortem and weighed. Tissues
were placed in separate 1.5 mL microfuge
tubes and homogenized in ice-cold deionized

water (d.H20; 0.1 g wet tissue/mL) using an
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electrical homogenizer (Model RS541-242;
RS Components, UK). Homogenates were
centrifuged at 5500 g (Model 1-13 Micro-
centrifuge; Sigma Co., UK) for 15 min.
Griess micro assay

NO were measured as the concentration of
nitrites and nitrates using the Griess reaction
adapted with modifications from Rockett et al.
as described fully elsewhere [38]. Nitrate
standard was prepared in experimental fluids and
finally were values corrected for assay losses
[35]. Briefly, 60 uL samples were treated with
200 pL Griess reagent (5% phosphoric acid, 1%
sulfanilic acid and 0.1% N [1-naphthyl-1]-
ethylenediamine dihydrochloride) [all from
Sigma] dissolved in 100 mL d. H>O was added
and proteins were subsequently precipitated by
200 pL trichloroacetic acid 10%. Tube contents
were vortex mixed and then centrifuged
(Eppendorf centrifuge 5415 C, Germany).
Duplicate samples of supernatants were
transferred to a 96-well flat-bottomed microplate
(Costar, USA) and absorbances read at 520 nm
using a microplate reader (Bio-TEK, power
wave XS, USA). Values for the concentration of
nitrate were calculated from standard calibration
plot. Values are presented as mean+SEM puM/g
wet weight for tissue and pM/ml for plasma.
Statistical analysis

Values are presented as the meanzstandard error
of mean (SEM) for groups of 5 samples. The
significance of differences was determined by
analysis of variances (ANOVA) and Student’s
t-test using GraphPad Prism Software
(GraphPad, San Diego, California, USA).

Results

The effect of splenectomy on survival time of a
primary infection was evaluated. The effect
of splenectomy performed before or during
primary infection on the survival period of mice
was determined in several mouse strains in
comparison with intact controls or sham-
operated mice. Since no differences were
observed between intact controls and sham-
operated mice, the results of these groups were
pooled. The parasitemia of animals was
progressive in all groups inoculated by
P. berghei (Fig. 1). At the end of the experiment
(on day 16), the parasitemia was 26.99+0.46%
among the group of non-splenectomized animals
(Group 1) in comparison with 31.25+0.72%
among the group of splenectomized animals
(Group V). The average parasitemia among the
groups at the end of the experiment was
statistically significant (Group Ill, Group IV:
p=0.0002) No pathophysiological changes,
including body weight, hepatomegaly and
splenomegaly were detected in the control and
malarial groups (p>0.05). However, survival rate
was significantly different (p<0.0001) (Fig. 2).
NO concentrations in blood plasma, liver and
spleen were assessed by Griess micro assay. The
amount of plasma NO increased significantly in
the infected groups (p= 0.0003). There was no
difference among the titers of NO concentrations
in both liver and spleen between control and test
groups (p> 0.05) (Fig. 3).
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Fig 1: The percentage of parasitemia in smears from blood of malarial mice, according to days of testing. Smears
were stained with Giemsa for counting of parasites inside RBC by light microscopy, Control+: Malaria infected
mice without splenectomy, Test+: Malaria infected mice with splenectomy (n=8 mice/day/group, Student’s t-test,
***p= 0.0002, *p= 0.06)
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Fig 2. Body weight, hepatomegaly, splenomegaly were detected at the beginning and the end of the study (n=8
mice/day/group, Student’s t-test) -No pathophysiological alterations, including body weight, survival rate, and
hepato/splenomegaly were detected in malarial and control groups (p>0.05), Control: Healthy mice without
splenectomy, Test: Healthy mice with splenectomy, Control+: Malaria infected mice without splenectomy Test+:
Malaria infected mice with splenectomy.
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Fig 3. NO concentration in plasma (A), liver (B) and spleen (C) tissue. NO concentrations in plasma, liver and
spleen were assayed by GMA. Organs were collected postmortem on day 16. Values for NO (umol/g wet weight
of tissue) or (umol/ml of plasma) are presented as mean+SEM of tissue (n= 8, ** P< 0.01), Control: Healthy mice
without splenectomy, Test: Healthy mice with splenectomy, Control+: Malaria infected mice without splenectomy

Test+: Malaria infected mice with splenectomy.
Discussion

The spleen is a secondary lymphoid organ that
perfectly induces innate and adaptive immune
responses, and performs fundamental roles such
as clearance and phagocytosis of both senescent
and damaged RBCs and blood-borne pathogens
including the malaria parasite, Plasmodium spp
[37]. During the erythrocytic schizogony stage
of malaria infection, the spleen contributes to
innate resistance and is involved in the
development of the induction and expression of
acquired immunity [37, 38]. However, parasites
retaliate by establishing chronic infections

through evasion and modulation of immune

responses and by remodeling the spleen thereby
sometimes leading to immunopathology and
severe disease [39]. In addition, several
Plasmodium species escape spleen clearance
through cytoadherence to endothelial cells in
inner organs, causing end-organ dysfunction
[40, 41]. Overall, while the spleen may not be
essential for parasite clearance in a partially
immune subject, it exerts a major protective
role in non-immune subject via macrophage
responses or mechanical retention/filtering
of parasites. In addition to pathological

complications, higher numbers of parasitemia
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and circulating mature forms were found in
splenectomized subjects [42], prolonged waves
of parasitemias and impaired parasite clearance
have also been linked to splenectomy.

Usually splenectomy has an adverse effect
on the host defense against the parasite,
and infections become more severe in
splenectomized humans and animals such as
monkeys, birds, and rodents [43]. The animals
without spleens also present deficiencies in the
production of IgM due to sharp decrease of B
lymphocytes, especially those in the area
surrounding the spleen [44, 45]. Infection with
the P. berghei parasite causes increasing levels
of NO in infected groups. Conclusion reveals
that splenectomy has minimal effects on levels
of concentration of NO. It is possible that NO
comes from several sources rather than spleen
during rodent malaria and is released into
circulation, which may replace NO shortage by
splenic cells [46]. More studies are required to

clarify the exact role of the spleen in the malaria
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