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ABSTRACT 

This study aimed to evaluate the effect of ethanolic extract of malacca leaves (Phyllantus emblica) on histopathology 

of mice (Mus musculus) spleen infected with Plasmodium berghei (P. berghei). This study used 15 male Balb/c strain 

mice aged 2 months, allotted into 5 treatment groups. The mice in group 1 (P0) were infected with P. berghei without 

administration of Malacca leaves extract, while the mice in group 2 (P1) were infected with P. berghei and treated with 

5 mg/kg BW of chloroquine. The mice in group 3 (P2), 4 (P3), and 5 (P4) were infected with P. berghei and treated 

with Malacca leaves extract at doses of 100, 300, and 600 mg/kg BW, respectively. At day 7th, all mice were sacrificed, 

then the spleen were collected for histopathological examination. The observation was carried out on the hemosiderin 

accumulation, lymphocyte depletion, hemorrhage, and megakaryocyte cells. Data were analyzed using one way analysis 

of variance (ANOVA). The results showed that the amount of hemosiderin, lymphocyte depletion, and hemorrhage 

decreased in mice given Malacca leaves extract compared to those in the negative control. In conclusion, the 

administration of ethanolic extract of malacca leaves reduce the damage of mice spleen due to P. berghei infection 
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1. INTRODUCTION

Malaria remains as a life threatening disease and poses 

a great economic and social problem to society both in 

tropical and sub-tropical areas [1]. Malaria is caused by 

infection with parasites belong to the genus Plasmodium 

[2]. Plasmodium is a blood protozoan parasite that 

requires two alternative hosts, mosquito and vertebrate 

host, in completing its life cycle. In the mosquito, 

Plasmodium undergoes an exogenous sexual phase which 

is characterized by development of zygote to become 

sporozoite. Then, when the Anopheles mosquito bites a 

vertebrate host, the sporozoites presents in the mosquito 

salivary duct ejected and will enter the circulatory system 

and infect the vertebrate host [1]. 

One of species in the genus Plasmodium that causes 

malaria in rodents is Plasmodium berghei [3]. 

Plasmodium berghei has similar basic biological 

properties to the Plasmodium which infects humans 

including morphology, life cycle, and genetic. 

The clinical presentation of malaria infection often 

reflects a certain degree of spleen and liver damage. One 

of the specific pathological alterations is the enlargement 

of spleen and liver due to the large number of erythrocytes 

infected with Plasmodium berghei and deposition of 

lymphocytes and macrophage cells in the spleen and liver 

[4]. 

The spleen is a reticuloendothelial organ which is the 

site for the formation of activated lymphocytes and 

antibodies and contains many macrophages. The close 

contact between these cells in the blood circulation is very 
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influential in the body's defense system against 

microorganisms, foreign particles, abnormal cells, and in 

secreting old or abnormal erythrocytes. Spleen organ is 

crucial in terms of confrontation of immune cells and 

foreign substances [5]. Histopathologically, the spleens of 

animals infected with Plasmodium berghei showed 

hyperemia, hemosiderin, red pulp depletion, and 

megalokaryocyte cells [6]. 

The emergence of Plasmodium resistance to available 

antimalarial drugs has prompted research to seek new and 

effective malaria treatment alternatives. One of the efforts 

to find alternative malaria treatment is using medicinal 

plants that can reduce damage to several organs such as 

the spleen due to plasmodium infection [6]. 

Malacca plant (Pyllanthus emblica) is small or 

medium size plant with greenish-grey stems and greenish-

yellow flowers [7]. Empirically, in Ayurvedic medicine, 

Malacca tree is used for treatment of diarrhoea, flu, fever, 

diuretic, laxative and as a hair tonic. Several chemical 

compounds contained in the ethanol extract of the 

Malacca fruit and leaves include alkaloids, essential oils, 

glycerolipids, carbohydrates, phenols, tannins, lignins, 

saponins, flavonoids, and terpenoids [8] 

Polyphenols (tannins) are a very complex 

component of organic substances, which play a role in 

precipitating proteins and repair the damaged cells. Teng 

et al. [9] stated that the flavonoid content in the Malacca 

plant was proven effective in constraining Plasmodium, as 

well as having bioactivity to decrease the levels of 

Plasmodium berghei parasitemia in mice. Although the 

Malacca plant has been shown to reduce levels of 

Plasmodium berghei parasitemia in mice, its effect on 

spleen organ has not been fully studied. Therefore, this 

study aims to determine the effect of ethanol extract of 

Malacca leaves (Phyllanthus Emblica) on the spleen 

histopathological changes of mice (Mus musculus) 

infected with Plasmodium berghei. 

2. MATERIALS AND METHODS

2.1. Plasmodium berghei Infection on Mice 

This study was designed using a completely 

randomized design (CRD) with 5 treatments and each 

treatment consisted of 3 replications. The mice in 

treatment 1 (P0) were injected with Plasmodium berghei 

and considered as negative control, while the mice in 

treatment 2 (P1, positive control) were infected with 

Plasmodium berghei and given 5 mg / kg of chloroquine. 

The mice in treatment 3 (P2), 4 (P3), and 5 (P4) were 

infected with Plasmodium berghei and given ethanol 

extract of Malacca leaves with a single dose of 100, 300, 

and, 600 mg/kg BW, respectively. These mice were 

infected intraperitoneally using a tuberculin syringe with 

1x105 Plasmodium berghei, then, the extract was given 

orally using a stomach tube for 4 consecutive days. After 

7 days, the mice were sacrificed and the spleen organs 

were taken for histopathological examination. Spleen 

organs that have been collected are fixed in 10% NBF 

solution. 

2.2. Histological Processing and Staining of 

Spleen Tissue 

The spleens were fixed in 10% NBF solution for 24 

hours with the ratio between the organs and the solution is 

1:10. The samples were then dehydrated using alcohol 

with graded concentrations of 70%, 80%, 90%, 96%, 

absolute alcohol I and II with an interval of 2 hours for 

each concentration. Then, the clearing was done using 

xylol I and II for 2 hours, followed by the infiltration 

process using liquid paraffin solutions I and II for 2 hours 

in an oven with a temperature of 60 °C. The embedding 

process was carried out by soaking the sample in a paraffin 

block and sectioning using a rotary microtome with a 

thickness of 5-6 µm. The tissues were stretched in the 

water at temperature of 50 oC, and then fixed on a glass 

object, dried in a slide warmer for 24 hours at 37 oC [9]. 

Prior to HE staining, the samples were deparaffinized 

in xylol I and II for 2 minutes, then rehydration with 96% 

and 90% alcohol and water for 2 minutes. The sample was 

stained with Hematoxylin-Eosin solution, immersed in 

water, acid alcohol, and distilled water. Eosin staining was 

carried out for 1 minute and soaked with water until clean. 

The dehydration process used 96% alcohol, absolute 

alcohol I and II, and xylol I and II. Histopathological 

observation was carried out under light microscope with a 

magnification of 10x40 in five fields of view (5mm x 

5mm). The observation was carried out on the presence of 

hemosiderin accumulation, lymphocyte depletion, 

hemorrhage, and the presence of megakaryocyte cells. 

2.3. Data Analysis 

Data were analyzed using analysis of variance 

(ANOVA). 

3. RESULTS AND DISCUSSION

The histopathological changes of mice spleen in the

five treatment groups can be seen in Figure 1. The 

histopathological observations indicate changes in the 

form of hemosiderin accumulation, lymphocytedepletion, 

hemorrhage, and the presence of megakaryocyte cells at 

different level. 

The level of histopathological changes in the spleen 

was then scored according to Gimeno et al., [11] and 

analyzed statistically. The statistical analysis of 

histopathological changes in mice spleen is presented in 

Table 1. 
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Figure 1 Histopathological change of spleen of mice (Mus musculus) infected with Plasmodium berghei and given  

ethanol extract of Malacca leaf (Phyllanthus emblica); Hemorrhage (a), Hemosiderin (b), Depletion of lymphocytes 

(c), megakaryocytes (d). (HE, 400x). 

Table 1. Average number of cells that experienced histopathological changes in the spleens of mice infected with 

Plasmodium berghei and given ethanol extract of malacca leaves 

Treatment Hemosiderin Depletion of Limphocytes Hemorrhage Megakaryocytes 

P0 35.67 ± 2.08 c 52.00 ± 10.44c 30.33 ± 9.71b 1.67 ± 0.58a 

P1 29.33 ± 3.79b 44.00 ± 6.00bc 25.33 ± 4.16ab 1.33 ± 1.53a 

P2 28.33± 3.22b 46.67 ± 4.04c 17.67 ± 6.81a 1.00 ± 1.00a 

P3 16.00 ± 3.00a 23.33 ± 6.03a 21,67 ± 0.58ab 2.33 ± 1.53a 

P4 25.67 ± 4.16b 31.67 ± 6.43ab 24.00 ± 4.36ab 0.33 ± 0.58a 

Information : 

a b c  Different superscripts in the same column indicate significant differences (P <0.05). 
P0: Negative control (infected with Plasmodium berghei without giving ethanol extract of Malacca leaves). 
P1: Positive control (infected with Plasmodium berghei and given chloroquin 5 mg / kg BW). 
P2: Infected with Plasmodium berghei and given ethanol extract of Malacca leaves at dose of 100 mg/kg BW. 
P3: Infected with Plasmodium berghei and given ethanol extract of Malacca leaves at dose of 300 mg/kg BW. 

P4: Infected with Plasmodium berghei and given ethanol extract of Malacca leaves at dose of 600 mg/kg BW. 

Table 1 showed that the group given the ethanol 

extract of Malacca leaves had a lower hemosiderin value 

and was significantly different (P<0.05) when compared 

to the negative control group (P0). The lowest number was 

found in the P3 treatment group with a dose of 300 mg/kg 

of Malacca leaf extract and significantly different 

(P<0.05) compared to all treatment groups. Hemosiderin 

is a protein or blood amino acid that is formed when red 

blood cells are damaged [6]. Hemosiderin accumulation 

occurs in the spleen tissue due to the pigment hemozoin 

produced by Plasmodium causing protein or amino acids 

in red blood cells to break down and turn brown [12]. The 

lowest reduction in the amount of hemosiderin was 

observed in P3 (mice given ethanol extract at a dose of 

300 mg/kg bb). The reduction was assumed due to the 

presence of terpenoid compounds that can inhibit 

hemosiderin biosynthesis [13]. The highest average 

amount of hemosiderin was found in P0 (negative 

control). 

The results of this study also showed the presence of 

lymphocyte depletion in the spleen tissue in each 

treatment, and the highest number was found in the P0 

(without giving ethanol extract of Malacca leaves) (Table 

1). According to Amin and Qubih [14], lymphocyte 

depletion in the spleen is marked by a decrease in 

lymphocyte cells. Depletion of lymphocytes in spleen 

tissue is usually an acute inflammatory response due to the 

migration of heterophils and lymphocytes from the spleen 

to the site of inflammation due to stimulation of 
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inflammatory mediators [15]. The tendency of decreasing 

lymphocyte depletion in this study indicated an 

improvement in the spleens of mice given chloroquine and 

ethanol extract of Malacca leaves. 

Hemorrhage was found in the spleen tissue in each 

treatment (Figure 1) with varying amounts (Table 1) due 

to Plasmodium berghei infection. Similarly, Intan et al. [6] 

reported the presence of hemorrhage in spleen tissue of 

mice infected with Plasmodium berghei. The 

administration of ethanol extract from Malacca leaves 

with different doses reduced the amount of hemorrhage in 

the spleen and the lowest amount was found in treatment 

P2 which was significantly different (P<0.05) compared 

to the negative control group (P0). Hemorrhage is a loss 

of blood from blood vessels (extravasation) into the body 

cavity or into the surrounding tissues. Hemorrhage is the 

later stage of congestion that occurs due to a loss of the 

ability to block blood which results in the blood vessels 

becoming stretched and eventually ruptured [16]. 

According to Maung and Than [17], during Plasmodium 

berghei infection, extravasation of red blood cells is not 

only due to the rupture of blood vessels but also an 

increase in vascular permeability which results in the 

release of red blood cells, both uninfected red blood cells 

and infected with trophozoite. 

The observation also found megakaryocyte cells in 

each treatment, but the values were not significantly 

different (P<0.05) among the treatment groups. 

Megakaryocyte cells in the spleen tissue function as 

phagocytosis of red blood cells infected by Plasmodium 

berghei [18]. Megakaryocyte cells also have the ability to 

engulf the hemozoin pigment produced by Plasmodium 

berghei. Hemozoin is a parasites detoxification product 

which inhibits monocyte cells and initiates macrophages 

to release cytokines which have an effect on inhibition of 

erythropoietic processes [19, 20] 

The initial response of the body in eliminating 

Plasmodium berghei is the interaction carried out by 

macrophages, neutrophils and other phagocytic cells. 

Interferon –γ (IFN-γ) produced by T lymphocytes will 

initiate the activity of macrophage cells in destroying 

Plasmodium berghei by means of oxygen radicals and 

nitrogen radicals. Oxygen radicals include anion 

superoxide (O2), hydroxyl radicals (OH), hydrogen 

peroxide (H2O2), while nitrogen radicals include nitric 

oxide through the inducible Nitric Oxide Synthase (iNOS) 

[21]. 

The spleen is the main immune response organ which 

plays a role in filtering red blood cells infected with 

parasites and is also the place for the regulation of the 

immune system [22]. According to Muladi et al.  [23], a 

spleen is a place of destruction and storage of platelets. 

Due to the infection of erythrocytes by Plasmodium 

berghei, erythrocytes with parasites bind young and 

mature erythrocytes and platelets and will trigger the 

destruction by macrophages in the spleen including the 

healthy erythrocytes and platelets. As a consequence, it 

will cause a blockage in the spleen and in turn causing an 

enlargement of the spleen. 

4. CONCLUSION

It was concluded that the administration of ethanolic 

extract of malacca leaves is able to reduce the damage of 

mice spleen due to P. berghei infection. 
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