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Abstract
Background and Aim: Although existing research confirms the antiparasitic effect of the Malacca plant against Plasmodium, 
its effect on the liver, one of the target organs of Plasmodium has not been investigated. Therefore, this study was conducted 
to explore the potential of the ethanolic extract of Malacca (Phyllanthus emblica) leaves in preventing liver damage in mice 
(Mus musculus) caused by Plasmodium berghei infection.

Materials and Methods: This study was conducted using the livers of 18 mice fixed in 10% neutral-buffered formalin. 
A completely randomized design with a unidirectional pattern comprising six treatments was used in this study, with each 
treatment consisting of three replications. Treatment 0 was the negative control group infected with P. berghei, treatment 
1 was the positive control group infected with P. berghei followed by chloroquine administration at a dose of 5 mg/kg 
BW, and treatments 2, 3, 4, and 5 were groups infected with P. berghei and administered Malacca leaf ethanolic extracts at 
doses of 100, 300, 600, and 1200 mg/kg BW, respectively. The extracts were administered orally using a gastric tube for 4 
consecutive days. Mice were sacrificed on the 7th day and livers were collected for histopathological examination.

Results: Histopathological examination of the livers of mice infected with P. berghei demonstrated the presence of 
hemosiderin, hydropic degeneration, fat degeneration, necrosis, and megalocytosis. However, all these histopathological 
changes were reduced in the livers of P. berghei-infected mice treated with various doses of Malacca leaf ethanolic extract. 
The differences between the treatments were found be statistically significant (p<0.05).

Conclusion: Ethanolic extract of Malacca leaves has the potential to protect against liver damage in mice infected with 
P. berghei. The dose of 600 mg/kg BW was found to be the most effective compared with the doses of 100, 300, and 
1200 mg/kg BW.
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Introduction

Malaria is one of the deadliest diseases in the 
world. Although it can be prevented and treated, 
malaria impacts the health of people throughout the 
world. According to the World Health Organization 
(WHO), the majority of malaria cases reported in 
2018 were from the WHO African region (213 mil-
lion or 93%), followed by 3.4% of cases from the 
WHO Southeast Asian region and 2.1% of cases from 
the WHO Eastern Mediterranean region [1]. The 
annual parasite incidence of malaria in Indonesia was 

reported as 0.85 per 1000 population in 2015, with the 
highest number of cases being found in Papua [2]. It 
is known that malaria is caused by a protozoan para-
site belonging to the genus Plasmodium, which con-
sists of five major species causing malaria in humans, 
including Plasmodium falciparum, Plasmodium 
vivax, Plasmodium malariae, Plasmodium ovale, and 
Plasmodium knowlesi. Malaria in humans is generally 
transmitted through the bite of the female Anopheles 
mosquito infected with the parasites, whereas malaria 
in rodents is generally caused by Plasmodium 
berghei [3].

Most of the parasitic growth of Plasmodium in 
the host occurs in cells (intracellular), namely, the 
liver cells and red blood cells, thus causing ane-
mia [4]. P. berghei infection may cause damage to 
important organs such as the lungs, liver, spleen, and 
brain [5]. The liver is the target organ of Plasmodium 
with an important role in the malaria cycle, acting 
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as the site of parasitic activity and host immune 
response [6]. The liver is also a site for detoxifica-
tion of toxins and drugs; therefore, it is important to 
protect the liver from the damaging effect of infec-
tious agents and dangerous chemicals [7]. P. berghei 
infection results in histopathological changes in the 
liver such as sinusoidal dilatation, polymorphonu-
clear cells, hemosiderin, degeneration, hepatocyte 
necrosis, epithelial cell vacuolization, infiltration 
of mononuclear cells, and megalocytosis [4]. The 
management of P. berghei infection is highly depen-
dent on chemical drugs; however, the resistance of 
the malarial parasite to available antimalarial drugs 
prompts researchers to determine more effective 
novel antimalarial drugs. In this context, research on 
medicinal plants that are used traditionally by com-
munities in several places to treat malaria would be 
beneficial. Among such plants is the Malacca plant 
that has been reported to have antiparasitic and 
immune-enhancing properties and is also used for 
medicinal purposes and as a source of vitamins [8]. 
A previous study has demonstrated that the ethano-
lic extract of Malacca leaves inhibited the growth of 
P. falciparum at a concentration of 100 µg/ml, with 
an ability to inhibit 50% growth of P. falciparum at 
3889 µg/ml [9]. The fruits, leaves, and roots of the 
Malacca tree contain polyphenols (tannins) and fla-
vonoids [10]. Polyphenols are highly complex com-
ponents of organic substances that can precipitate 
proteins from their solutions and combine with these 
proteins to repair damaged cells [11].

This study was conducted to determine the 
efficacy of the ethanolic extract of Malacca leaves 
(Phyllanthus emblica) in preventing liver damage 
in mice (Mus musculus) caused due to P. berghei 
infection.
Materials and Methods
Ethical approval

All experimental animal procedures were per-
formed in compliance with the regulation of Animal 
Ethics Committee of Faculty of Veterinary Medicine, 
Universitas Syiah Kuala, Banda Aceh, Indonesia (Ref: 
23/KEPH/III/2019).
Study location and period

This study was conducted at Animal House 
Laboratory, Biomedical Development and Basic 
Technology of Health Centre, Health Ministry of 
Indonesia, Jakarta, and Pathology Laboratory, Faculty 
of Veterinary Medicine, Universitas Syiah Kuala. This 
study was conducted from March to April 2019.
Experimental animals

A total of 18 male Balb/C mice, with an average 
body weight of 20-25 g and aged 2 months, were used 
in this study. P. berghei strain ANKA was obtained 
from the Animal House Laboratory, Biomedical 
Development and Basic Technology of Health Centre, 
Health Ministry of Indonesia, Jakarta.

Experimental design
Plasmodium infection

A completely randomized design was applied in 
this study. The mice were randomly allocated to six 
groups (P0, P1, P2, P3, P4, and P5) treated with dif-
ferent doses of the leaf extract (modified from Jaijoy 
et al., [12]). The treatments were performed with three 
replications. Treatment 1 (P0) was the negative control 
where the rats were only infected with P. berghei. In 
treatment 2 (P1), the rats were infected with P. berghei 
and then given chloroquine at 5 mg/kg BW. In treat-
ments 3 (P2), 4 (P3), 5 (P4), and 6 (P5), the rats were 
infected with P. berghei, followed by the administra-
tion of the ethanolic extract of Malacca leaves at the 
doses of 100, 300, 600, and 1200 mg/kg body weight, 
respectively. All mice were injected intraperitoneally 
with 1 × 105 P. berghei using a tuberculin syringe, and 
then the leaf extract was administered orally using a 
gastric sonde for 4 consecutive days. After 7 days, the 
mice were sacrificed and the livers were collected for 
histopathological examination.
Histopathology preparations

The livers of mice were fixed in 10% neu-
tral-buffered formalin solution for 24 h and dehy-
drated in an alcohol series. The clearing process was 
performed by submerging the liver samples in xylol 
solution. Subsequently, the infiltration step was con-
ducted using liquid paraffin, followed by embedding 
the sample on the paraffin block. The paraffin-em-
bedded samples were cut using a rotary microtome 
into 5- to 6-µm-thick sections. These sections were 
mounted on slides and then stained with hematoxy-
lin and eosin [13]. Histopathological examination was 
conducted using a light microscope at a magnification 
of 10×40 in five visual fields (5 mm×5 mm). The fol-
lowing parameters were observed: Presence of hemo-
siderin, hydropic degeneration, fat degeneration, and 
liver cell necrosis.
Statistical analysis

The obtained data were subjected to statisti-
cal analysis using analysis of variance, followed by 
Duncan’s test.
Results

Histopathological examination of the livers of 
mice infected with P. berghei and then treated with 
the ethanolic extract of Malacca leaves demonstrated 
the presence of hemosiderin, hydropic degeneration, 
fat degeneration, necrosis, and megalocytosis. Table-1 
shows the average number of mice liver cells that 
exhibited these histopathological changes.

Statistical analysis revealed significant differ-
ences in the average number of mice liver cells exhib-
iting the histopathological changes (hemosiderin, 
hydropic degeneration, fat degeneration, necrosis, 
and megalocytosis) between the treatments (p<0.05). 
The highest average number of liver cells with these 
changes was found in the P0 (negative control) group, 
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whereas the lowest average number was observed in 
the P4 group (Table-1).
Discussion

Microscopically, hemosiderin was found in all 
mice groups. Hemosiderin is a protein or blood amino 
acid that is formed when red blood cells are dam-
aged [4]. Accumulation of hemosiderin in the liver tis-
sue is caused due to the destruction of excessive red 
blood cells (hemolysis) due to the presence of parasites 
in the early stage infection leading to anemia in infected 
animals [14]. The damaged red blood cells release 
hemoglobin into the extracellular space. Phagocytic 
cells (from the mononuclear phagocyte system), also 
known as macrophages, ingest, or phagocyte hemo-
globin, resulting in the production of hemosiderin and 
biliverdin [15]. A previous study also reported a simi-
lar result that P. berghei infection caused the accumu-
lation of hemosiderin in mice liver [4].

Our study results demonstrated a decrease in the 
number of liver cells with hemosiderin in all treatment 
groups consistent with the increase in the adminis-
tered dose (Figure-1). Group P4 mice administered 
600 mg/kg BW of the ethanolic extract of Malacca 

leaves showed the lowest average number of liver 
cells with hemosiderin compared to that in other treat-
ment groups. This result confirms that the terpenoids 
contained in the ethanolic extract of Malacca leaves 
inhibit the formation of hemosiderin. A previous study 
reported that artemisinin or terpenoids inhibited the 
production of biosynthetic hemosiderin, which was 
conducted in cell-free conditions at micromolar con-
centrations [16].

P. berghei causes cell injury such as hydropic 
and fat cell degeneration, which implies that the cell 
loses its normal structure before death [17]. Hydropic 
degeneration indicates a state of cytoplasmic cells 
containing water, whereas fat degeneration is a condi-
tion that describes hepatocytes containing lipids. This 
condition is caused due to disorders of liver metabo-
lism in mice during P. berghei infection or toxic expo-
sure, which results in reversible cell membrane dam-
age. Damage to the cell membrane causes membrane 
leakage and disrupts the activity of K+ transport that 
exits the cell and the entry of Ca2+, Na+, and water into 
the cell. The entry of extracellular fluid into the cyto-
plasm causes swelling of the cytoplasm, mitochondria, 
and endoplasmic reticulum [18]. Moreover, the liver 

Table-1: The average number of histopathological changes found in the liver of mice infected with P. berghei and 
treated with ethanol extract of Malacca leaves.

Treatments Hemosiderin Hydropic degeneration Fat degeneration Necrosis Megalocytosis

P0 41.67±0.58d 27.00±0.00e 45.33±0.58e 26.67±0.58d 2.00±1.73b

P1 29.33±1.53c 22.33±0.58d 30.33±2.52d 21.33±4.04c 0.33±0.58a

P2 27.33±0.58c 14.67±0.58c 12.00±1.00b 11.33±1.53b 0.33±0.58a

P3 14.67±1.15a 11.67±1.15b 9.67±1.15b 5.00±0.00a 0.33±0.58a

P4 12.33±2.31a 6.33±0.58a 3.33±0.58a 4.00±0.00a 0.00±0.00a

P5 18.33±2.08b 13.67±2.52bc 16.00±1.00c 11.00±1.73b 0.00±0.00a

Different superscripts in the same column indicate highly significant differences (p<0.05).
P0: Negative control (infected with P. berghei without the treatment of ethanolic extract of Malacca leaves); P1: Positive 
control (infected with P. berghei and administered chloroquine at 5 mg/kg BW); P2: Infected with P. berghei + ethanolic 
extract of Malacca leaves at dose 100 mg/kg BW; P3: Infected with P. berghei + ethanolic extract of Malacca leaves at 
dose 300 mg/kg BW; P4: Infected with P. berghei + ethanolic extract of Malacca leaves at dose 600 mg/kg BW; 
P5: Infected with P. berghei + ethanolic extract of Malacca leaves at dose 1200 mg/kg BW

P0 P1 P2

P3 P4 P5

Figure-1: The histopathological feature liver of mice (Mus musculus) infected with Plasmodium berghei and treated with 
various doses of ethanolic extract of Malacca leave. (H&E, 400×).
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has an important role in regulating body fat, protein 
synthesis process, and phospholipids, thus inhibiting 
the synthesis and secretion of lipoproteins. Another 
study also demonstrated that P. berghei infection in 
mice caused hydropic degeneration and fat degener-
ation [19].

In the present study, the decrease in the average 
number of liver cells showing hydropic degeneration 
and fat degeneration in all treatment groups of mice 
was consistent with the increase in the dose of the 
ethanolic extract of Malacca leaves. Mice in the P4 
group administered 600 mg/kg BW ethanolic extract 
of Malacca leaves exhibited the lowest average num-
ber of liver cells with both types of degeneration com-
pared to that in other treatments. It appears that the 
effect of the extract to protect and recover the liver 
cells of mice infected with P. berghei is due to the 
antioxidant compounds contained in the extract, and 
one of them is triterpenoid. Triterpenoid compounds, 
as an antioxidant and scavenger against reactive oxy-
gen species, can maintain the stability of the liver cell 
membrane [20].

Continuous degeneration can cause cell death 
known as necrosis, i.e., the death of cells or tissues 
in living organisms [21]. Necrosis in the liver may 
result from the direct influence of toxic agents such as 
chemicals and germ toxins [22]. High concentrations 
of chemicals in the liver lead to cell damage, such as 
infiltration of inflammatory cells, fat degeneration, 
and congestion [23]. Microscopically, the necrosis in 
hepatocytes is characterized by nuclear changes, i.e., 
absence of vascularization, loss of chromatin, wrin-
kles, dense and dark black in color (pycnosis), the 
nucleus is also torn and fragmented (karyorrhexis), 
and its color becomes pale and formless (karyoly-
sis) [24]. Similarly, a previous study also reported 
the occurrence of cell necrosis in the liver of mice 
infected with Plasmodium [4].

The results of this study also demonstrated 
decreased number of necrotized liver cells in all treat-
ment groups of mice according to the increases in the 
administered doses. Mice in group P4 administered 
600 mg/kg BW of ethanolic extract of Malacca leaves 
showed the lowest average number of necrotic cells 
compared to that in mice from other treatment groups. 
The flavonoids present in the ethanolic extract of 
Malacca leaves acted as an antioxidant that inhibited 
the process of necrosis in liver cells, probably indicat-
ing the resolution of necrosis [25].

The presence of megalocytosis in the liver cells 
of mice was detected only in the control group (P0). 
Megalocytosis in the liver tissue occurs when red 
blood cells are infected with Plasmodium and is char-
acterized by an abnormal enlargement of liver cells, 
i.e., megalocytosis. Megalocytosis also leads to the 
breakdown of red blood cells, which eventually causes 
bleeding and anemia in the infected animal [26,27].

Flavonoids are known to have hepatoprotective 
activity [28]. The leaf extract of P. emblica has been 

demonstrated to contain flavonoids [29]. Previous 
studies have reported that P. emblica fruit extract can 
also reduce the severity of hepatic damage [30-32]. 
Polyphenols and flavonoids exhibit high antioxi-
dant and anti-inflammatory activities and thus pro-
tect against the development of oxidative stress [33]. 
Polyphenol compounds such as flavonoids inhibit 
oxidation reactions through the mechanism of radical 
scavenging by connecting one electron to unpaired 
electrons in free radicals so that the effects of free rad-
icals are reduced [34]. It is believed that flavonoids 
have the ability to prevent liver damage by binding 
to free radicals causing impaired hepatocyte mem-
brane integrity and escape of various enzymes from 
hepatocytes.
Conclusion

Administration of the ethanolic extract of 
Malacca leaves was able to protect mice liver from 
the damage caused due to P. berghei infection, and the 
dose of 600 mg/kg BW was the most effective com-
pared with the doses of 100, 300, and 1200 mg/kg BW.
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