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Abstract: Malaria, caused by an apicomplexan parasite Plasmodium, is a major cause of morbidity and 

mortality throughout the world. In present study, Plasmodium berghei (NK-65) was found to be lethal to 

BALB/c strain of Swiss white mice, when injected parasitized erythrocytes. Malaria infection has been reported 

to induce acute injuries to vital organs i.e. liver, kidney and spleen of infected host. The spleen is the largest 

secondary immune organ in the body and is responsible for initiating immune reactions to blood-borne antigens 

and for filtering the blood of foreign material and damaged red blood cells. All the important functions are 

carried out by two main compartment of spleen: white and red pulp. Splenomegaly was observed with rise in 

infection. Haematoxylin/Eosin stained transverse sections of normal mouse spleen showed an intact capsular 

region with trabecule emanating into splenic parenchyma. Spleen of post-infection mice exhibited disturbed 

splenic architecture enlarged white pulp area, infected cells, sinusoidal dilation, haemozoin deposition and 

transient loss of marginal zone due to P.berghei infection. 
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I. Introduction 
Malaria is one of the most common vector-borne diseases of tropical and subtropical regions of the 

world. Globally, an estimated 3.3 billion people were at risk of malaria in 2011, with populations living in sub-

Saharan Africa having the highest risk of malaria infection. Approximately half of countries with ongoing 

malaria transmission are on track to meet the World Health Assembly target to achieve a 75% reduction in 

malaria case incidence rates by 2015, compared to levels in 2000 [1]. Chemotherapy and vector control 

programs have been largely ineffective due to the emergence and spread of insecticide resistant mosquito 

vectors and drug resistant. A completely effective vaccine must contain not one but most of the molecule 

involved in different stages of parasite invasion of host cells [2]. The development of a safe, effective and 
affordable malaria vaccine is a critical global public health priority [3].  

Malaria infection has been reported to induce acute injuries to vital organs. The most pronounced 

changes inflicted due to disease involve in blood, spleen, liver and kidney of infected host. Efficient control of 

pathogens by the immune system is promoted by a highly organized microarchitecture of secondary lymphoid 

organs. These structures form the basis for trapping, transport, processing, and presentation of antigens (Ags), a 

prerequisite for initial constraint of pathogens and successful induction of specific immunity. The spleen is a 

complex, largest secondary lymphoid organ that is perfectly adapted to selectively filtering and destroying 

senescent red blood cells (RBCs), infectious microorganisms and Plasmodium-parasitized RBCs. Infection by 

malaria is the most common cause of spleen rupture and splenomegaly, albeit variably, a landmark of malaria 

infection. Present study has been designed to evaluate the structural and histological changes occurring in spleen 

of mice due to plasmodial infection. 
 

II. Materials And Methods 

2.1. Animal model and ethical clearance: 

Five to six weeks old inbred BALB/c mice of either sex, weighing 15-20 g, were used as experimental 

animals for present study. All animals were purchased from Institute of Microbial Technology (IMTECH), 

Chandigarh. Animals were kept in ventilated cages in Central Animal House, Panjab University, Chandigarh. 

They were fed with standard feed and water ad libitum. The care and handling of animals as well as other 

procedures were strictly performed following guidelines approved by the Institutional Animal Ethics Committee 

(45/99/CPCSEA) of the Panjab University, Chandigarh. 

 

2.2. Parasite and infection:  

Asexual erythrocytic stages of P. berghei (NK-65) strain were maintained in BALB/c mice. Infection 

were initiated by intra-peritoneal (i.p) inoculation of 1×106 infected erythrocytes obtained from infected to naïve 

mice. The course of infection was monitored by Giemsa- stained thin blood films [4]. 
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2.3. Light microscopy:   

The animals were anaesthetized and spleen was excised and processed for light microscopic study. For 

light microscopy the tissue was fixed in Bouin’s fixative for 5-6 hrs and kept in water overnight. The tissues 

were dehydrated in various grades of alcohol and embedded in paraffin wax with melting point (M.P.) of 58-

60°C. Five microns thick paraffin sections were stained with hematooxyline and eosin stain. The sections were 

mounted in DPX and observed under light microscope under suitable magnification [5]. 

 

III. Results 

For morphological and histopathological studies, mice of normal, P. berghei infected groups were 

sacrificed after light anesthesia with sodium pentathol. Spleens were extracted out from normal and infected 

group at low (D3) and high infection (D7). These were washed properly in 0.9% saline solution and tissues 
were fixed in Bouin’s fixative for overnight. 

 

3.1. Morphological changes in spleen 

P. berghei infected mice were dissected on day 3 and 7 post-inoculation. Spleens were taken out and 

weighed after washing with saline. The normal mice spleen weight was (0.09 ± 0.02 g) and it was dark red, 

located in the abdomen just below the diaphragm at the posterior end of the pancreas behind stomach. As the 

parasitaemia increased, the weight of spleen also increased. Splenomegaly was evident due to rise in infection. 

At low infection (6.33 ± 2.9%), weight of spleen was 0.35± 0.12 g and slight enlargement of spleen was 

observed. At high infection (33.9 ± 6.1%), the size of spleen was significantly increased (0.78 ± 0.25 g). The 

color of infected spleen was dark brown due to congestion and deposition of haemozoin pigment.                                  

  

3.2. Histopathological changes in spleen 

3.2.1. Normal spleen 

Light microscopic examination of transverse sections (T.S.) of normal spleen stained with 

haematoxylin-eosin revealed intact capsule of connective tissue outside the tissue (Fig.3.2.1: A). From inside of 

capsule, a rich network of trabeculae sub-divided the organ into communicating compartments (Fig. 3.2.1: D). 

The tissue enclosed within the capsule is reticular connective tissue. The splenic pulp was observed to be 

divided into two zones i.e. red pulp and white pulp (Fig.3.2.1: A). The red pulp is made up of splenic 

sinuses/sinusoids and splenic cords (Fig. 3.2.1: D). Splenic cords lie between the sinuses, separating them from 

one another. The reticular cells are present in the splenic sinuses of red pulp. The blood cells like macrophages 

are found in sinuses, as are plasma cells. The splenic cords contained lymphocytes and monocytes (T-cells) in 

high concentration (Fig. 3.2.1: B, C). 

White pulp contained lymphocytes, plasma cells, macrophages and reticulum cells. The white pulp is 
divisible into two components i.e. periarteriolar lymphatic sheath (PALS) and lymphatic follicles. PALS 

appeared as cylinders which coaxially surround central artery. It consists of meshwork of reticulum cells and 

extracellular reticulum. Marginal zone lie between the red pulp and white pulp appeared as junctional tissue. It 

consists of reticular cells, vascular space, lymphocytes, plasma cells, macrophages. The lymphocytes appeared 

as small nucleated cells while plasma cells and macrophages as large cells. Normal erythrocytes appear in red 

pulp area (Fig. 3.2.1: B, C, E, F).              

 

3.2.2. Spleen at low infection (D3) 

Transverse sections of P. berghei infected spleen at low infection (1.5-2.0%) on D3 in (GP-II) stained 

with Haematoxylin-eosin stain revealed the altered splenic architecture due to indistinct appearance of red and 

white pulp in low infection. The marginal zone was transiently lost (Fig. 3.2.2: A). White pulp hyperplasia was 
observed along with reduced PALS area. Significant congestion of both RBCs and parasitized erythrocyte (PE) 

was also noted in red pulp region (Fig. 3.2.2: B, D). The presence of haemozoin pigment and sinusoidal  

dilations were commonly observed in infected spleen sections. Deposition of haemozoin pigment was evident in 

red pulp (Fig. 3.2.2: C). White pulp (WP) subdivided into marginal zone, follicles and periarteriolar sheath 

(PALS) was observed (Fig. 3.2.2: D). Lymphocytes, macrophages, reticular cells were observed in white pulp 

(Fig.3.2.2: B, E). Concentric layers of reticular fibers and flattened reticular cells were observed in PALS 

region. Mild dilation of trabeculae, proliferation of lymphocytes, monocytes and   reticulum cells were observed 

in white pulp region. Parasitized and normal erythrocytes along with mild sinus dilation were observed in red 

pulp (Fig. 3.2.2: E, F).            

 

3.2.3. Spleen at high infection (D7) 

Infected red cells were visible in red and white pulp area at high infection (35-40%) in haematoxylin 
and eosin stained sections. Complete distortion of marginal zone at high infection was observed (Fig. 3.2.3: A). 
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The red pulp was observed to be expanded markedly by venous congestion, haematopoiesis (Fig, 3.2.3: B, C). 

Reticular connective tissue consists of reticular cells were also observed in red pulp and white pulp. However, 

reticular cells appeared long tapered rod like cells without branching in red pulp regions but these were 

branched in white pulp region (Fig. 3.2.3: D). Haemozin pigmentation and number of macrophages were more 

prominent (Fig.3.2.3: B, C, D, F). Venous sinus dilation and vacuolization of white pulp and red pulp along with 
parasitized erythrocytes were observed. Thickening of capsule and destruction of trabeculae was observed at 

high infection (Fig. 3.2.3: D, E, F). Beneath the capsule moderate proliferation of lymphocytes and monocytes 

was observed.                                                                                                                                              
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IV. Discussion 

Rodent malaria parasites have been widely used as valuable models for various experimental purposes 

due their adaptability to the laboratory conditions. Swiss white mice Mus musculus (BALB/c strain) have been 

confirmed to be susceptible to P. berghei infection. Different workers have reported the lethality of P. berghei 

to mice [6, 7]. Inoculation of parasitized erythrocytes to naïve mice results in 100% lethal infection [8]. Size of 

the inoculum can influence the progress of murine malaria in the host but P. berghei infection has been reported 

to be invariably fatal in mice [9]. P. berghei has a asynchronous life cycle in mice and invades prefentially 

reticulocytes [10]. Most of the normal mice when injected with 1x106 P. berghei, died because of high infection 

by the day 7 or 8 post inoculation except those in which parasite migrated to reticulocytes followed by increase 
in parasitaemia till death of mice. Janse et al. (1989) have also reported preferential invasion of P. berghei 

merozoites in the reticulocytes in vitro [11]. The Histopathological studies on the spleen were performed in 

normal, P. berghei infected, groups. In normal spleen red pulp and white pulp areas were clearly evident. The 

splenic capsule was intact, trabeculae conataining artery were distinct. Splenic sinuses/sinusoids and splenic 

cords were observed including reticular cells, macrophages, T-cells (lymphocytes and monocytes) and plasma cells in 

normal mice. 
In present study, splenomegaly is the most common sign of malaria infection was observed. Size of spleen 

increases several fold after infection, due to influx of lymphocytes in both human and mouse infection [12,13]. Malaria 
associated splenomegaly has been reported due to increased erythrocytes in mouse spleen [14,15]. Loss of marginal zone 

was observed with increase in parasitemia. Loss of marginal zones and general loss of follicle in spleen has been reported in 
P. chabaudi infection [16]. Proliferative changes in P. berghei infected spleen were observed due to white pulp hyperplasia 

which is associated with reduction in the PALS area but an increase in B-cell follicle and germinal centre areas. Similar 

observation were made by many investigator [17, 18]. Accumulation of haemozoin pigment has been reported to 

occur due to protein degradation by parasite [19]. The present finding also indicates accumulation of haemozoin 
and infiltration of red blood cells in sinusoidal spaces in infected spleen.  

Other studies reported that marginal zone macrophages (MZM) and marginal metallophillic 

macrophages (MMM) are lost from spleen following infection with P. c. chabaudi AS [20]. Reticular cells were 

observed in normal as well as infected spleen. Studies carried out out by other workers have described the 

modification of reticular cell networks in the red pulp during murine P. yoelli infection to form a barrier that 

channels blood directly from artery to the vein, thereby preventing access to red pulp macrophages [21]. 

Parasitized erythrocytes were observed with increase in infection in red pulp at high infection on D7. The spleen 
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is a key site for removal of parasitized red blood cells, generation of immunity and production of new red blood 

cells during malaria. Extrafollicular foci of B-cell plasma cells were observed in PALS following P. c. chabaudi 

infection [22]. Expansion of white pulp, marginal zone and red pulp were the major changes that occurs in the 

spleen during murine malaria infection which point towards to the is erythropoiesis and hematopoiesis  and 

similar investigation were reported by other workers [20, 23].  
 

V. CONCLUSION 

Spleen is an important organ involved in generation of immune response against pathogens. The spleen 
seems to have an important role in both controlling and establishing chronic malaria infection, because of its 

unique architecture designed to allow coordination of its phagocytic and cellular immune mechanisms. 

Understanding of these important mechanisms require the exact knowledge about interactions among various 

cell types occuring in the spleen. Further studies on spleen are required as many mechanisms are still unclear 

about generation of immunity during malaria infection and upon immunization. 
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