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Abstract: Adequate therapy is necessary to prevent further damage to the liver infected with 

Plasmodium sp. Areca catechu and curcumin have the potential for malaria therapy, and scientific 

evidence is required to examine such potential either alone or in combination. This experimental study 

used a posttest-only group design involving 24 male Swiss mice (Mus musculus) as the subjects divided 

into 6 groups (@4 mice). P. berghei was injected intraperitoneally in 5 groups, and different types of 

treatment (4 days, feeding tube) were administered to 4 groups (K1 = chloroquine, K3 = ethanol extract 

of Areca nuts + curcumin, K4 = ethanol extract of Areca nuts, K5 = curcumin). The doses were 

0.012mg/kgBW of chloroquine, 150mg/kgBW of Areca nut ethanol extract, and 30mg/kgBW of 

curcumin. K2 was the unhealthy group (infected with P. berghei without therapy), while K6 was the 

normal/healthy group. Parasitemia was examined in 3 days after induction by P. berghei (inclusion 

criterion: parasitemia >5%, exclusion criterion: parasitemia >15%). The liver was embedded in 

paraffin blocks and stained with HE. Observations were made to identify the presence of necrosis, 

portal inflammation, and hemosiderin. The data of histopathological changes in the liver was expressed 

in percentages. The administration of Areca nut ethanol extract was able to provide better 

histopathological features than curcumin therapy alone, in combination, or chloroquine therapy (K4, 

no necrosis; mild portal inflammation = 50%, moderate = 25%; hemosiderin = 25%). Areca nut 

ethanol extract had yet to show histopathological features that resembled a healthy condition (K6 = 

normal inflammation, mild, moderate = 50%, 50%, 0%, respectively; hemosiderin = 0%). The ethanol 

extract of Areca nuts alone was shortly able to improve the histopathological features of P. berghei-

induced liver damage in mice. 
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INTRODUCTION  

Plasmodium sp. can cause organ 

damage. Research shows that hepatic 

abnormalities due to Plasmodium sp. 

infection are associated with deterioration 

in malaria, such as the incidents of cerebral 

malaria, shock, respiratory failure, and 

acute kidney failure.1 Such deterioration 

can lead to the death of malaria patients. 

Liver failure will also increase the fatality 

rate of malaria patients.2 Liver damage 

identification and adequate therapy for 

Plasmodium sp. infection are therefore 

required to prevent further complications or 

death. 

In experimental animals, malaria can 

be induced using P. berghei. Compared 

with the other two types of Plasmodium (P. 

chabaudi and P. yoelii), induction by P. 

berghei can result in higher levels of 

parasitemia and hemozoin as well as more 

severe organ damage.1,3 In the liver of 

experimental animals, Plasmodium sp. 

infection is characterized by the presence of 

focal necrosis, cholestasis, congestion, 

hemozoin deposition, and inflammation.1,4 

One type of pathogenesis which causes 

such morphological changes is oxidative 

stress. P. berghei infection increases free 

radicals and reduces antioxidant and 

glutathione levels.1 Malaria therapy on the 

basis of the pathomechanisms of oxidative 

stress is potential to be developed as 

alternative therapy to treat malaria with 

resistance to standard therapy. 

Areca catechu is an herbal plant with 

the potential to be an antimalarial drug 

candidate. The potential of Areca catechu 

extract has been identified in a number of 

in vivo and in vitro studies. The 

administration of butanol extract of Areca 

catechu leaves for 4 days at a dose of 150 

mg/kg/day shows fair inhibition test results 

(39.1%, parasitemia growth inhibition) and 

a better survival rate (60%) compared to the 

control group.5 The butanol fraction of 

Areca nut extract is highly potent for P. 

falciparum infection with 18µg/ml LC50.6 

Areca nuts extracted with 95% ethanol 

solvent shows a strong antioxidant activity 

(3.5 µg/ml).7 These high antioxidant levels 

in ethanol extraction indicate the potential 

of Areca nuts to treat a disease whose 

etiopathology is associated with reduced 

antioxidants, such as in P. berghei 

infection. 

Meanwhile, curcumin is a 

hepatoprotective and therapeutic drug 

substance. The administration of curcumin 

for 9 days prior to induction by alcohol can 

prevent hepatocyte damage.8 Curcumin 

also shows potent antimalarial effects in 

both in vivo (IC50 = 4.34+1.59 µM and SI 

= 28.98) and in vitro studies (lowering the 

Glycogen synthase kinase-3β/GSK3β, a 

protein kinase enzyme involved in various 

disease and cellular processes). At a dose of 

30mg/kgBW, curcumin can 

prophylactically and therapeutically inhibit 

GSK3β. Curcumin therapy reduces pro-

inflammatory cytokines (TNF-α, IFN-

gamma) and increases anti-inflammatory 

cytokines, including IL-10 and IL-4.9 Such 

scientific evidence, which indicates the 

potential of Areca catechu and curcumin in 

animal models of malaria, has attracted the 

researchers’ attention to further investigate 

the potential. In an animal model of P. 

berghei-induced malaria, the researchers 

used Areca nuts extracted in 95% alcohol 

and applied it alone or in combination with 

curcumin in accordance with the doses used 

in a previous study. The research is 

expected to add scientific evidence of 

Areca catechu and curcumin as potential 

malaria therapy. 

 

RESEARCH METHODS  

This study involved 24 male Swiss 

mice (Mus musculus) obtained from UD 

Wistar Yogyakarta, an experimental animal 

farming. The inclusion criteria in this study 

were male Swiss mice aged 8-10 weeks, 

weighing 20-30 grams, being physically 

healthy, and experiencing parasitemia >5% 

after being induced by P. berghei. Mice 

with physical and/or behavioral changes 

which indicated a disease and mice with 
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>15% parasitemia were excluded from this 

study. 

After 7-day acclimatization, the 24 

mice were divided into 6 groups (4 mice 

each). Parasitemia was induced in 5 groups 

(K1-K5). Therapy was performed after the 

experimental animals experienced 

parasitemia based on the inclusion criteria. 

Standard therapy (chloroquine) was 

administered to group K1. Different types 

of herbal therapy, both single and in 

combination, were administered to group 

K3-K5 (K3 = combination of Areca nut 

ethanol extract and curcumin, K4 = ethanol 

extract of Areca nuts, K5 = curcumin). 

Group K2 became the unhealthy control 

group (parasitemia without therapy), while 

group K6 was treated as the healthy control 

group (not induced by P. berghei and not 

receiving therapy). 

Parasitemia was induced by 

intraperitoneally (i.p) injecting a single 

dose of P. berghei (1x106 parasites per 0.2 

ml of blood, erythrocytic stage) into the 

experimental animals. Parasitemia 

condition was determined 3 days after 

induction by identifying the results of 

peripheral blood smears. The blood for 

parasitemia examination was obtained by 

making an incision in the lateral vein area 

(approximately 0.2 - 2 cm from the base of 

the tail). The obtained blood was then made 

into a thin blood smear and stained with 

10% giemsa. The percentage of parasitemia 

was identified by counting the number of 

infected erythrocytes out of 5000 observed 

erythrocytes. 

The Areca nuts used in this study were 

the nuts of young Areca fruit. Before the 

extraction, the determination of Areca nuts 

and fruit was performed at the 

pharmaceutical laboratory of Universitas 

Gadjah Mada. The Areca nuts used in this 

study were collected in Yogyakarta city. 

The Areca nuts were cut into small pieces 

and washed clean in running water. To 

remove moisture content, the Areca nuts 

were dried in an oven at a temperature of 

30oC – 50oC and then ground in a blender 

to form powder. The ethanol extract of 

Areca nuts was prepared by adding 500 ml 

of 95% ethanol to Areca nut powder in a 

container covered with aluminum foil for 

24 hours. After 24 hours, the dregs were 

sieved and the same amount of 95% ethanol 

was added (500 ml) and left for 12 hours. 

The procedure was replicated twice and the 

sieved product was then put into a water 

bath to obtain a viscous extract of Areca 

nuts (brown with typical odor of Areca 

nuts). 

Different types of therapy were given 

to the experimental animals for 4 days. The 

administered dose of Areca nut ethanol 

extract was 150 mg/kgBW 5,10 while the 

curcumin was administered at a dose of 30 

mg/kgBW.9  All of the therapy types (single 

or combination) were administered once a 

day. The curcumin used in this study was in 

a powder form. The standard drug therapy 

was chloroquine at a dose of 0.012 

mg/kgBW (ground into powder). The 

administered curcumin and chloroquine 

were dissolved in distilled water, while the 

ethanol extract of Areca nuts was dissolved 

in 10% DMSO. For group K3 which 

received combination therapy, the ethanol 

extract of Areca nuts and curcumin were 

administered alternately at a predetermined 

time. 

Termination was performed on the 5th 

therapy day (8 days after induction by P. 

berghei). The mice were anesthetized 

intramuscularly with Zoletil® injection at a 

dose of 0.03-0.05 ml. After the mice fell 

asleep, decapitation and necropsy were 

carried out to extract the liver. Liver 

fixation was performed by means of 

immersion technique with 10% formalin 

phosphate buffer saline (PBS) for 24 hours. 

The liver lobes were homogeneous among 

each of the mice. The liver tissue was then 

prepared in paraffin blocks, cut to a 

thickness of 5 µm, and stained with 

Hematoxylin Eosin (HE). 

The histopathological changes to be 

observed in this study included the presence 

of hemosiderin deposition, portal 

inflammation, and hepatocyte necrosis. The 

grading methods for necrosis and portal 
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inflammation were adapted from Siegmund 

et al., (2002).11 The parameter for 

hemosiderin was stated qualitatively 

(present or absent) while the other two 

parameters were stated semi-quantitatively 

(normal, mild, moderate, and severe). A 

normal condition would be shown by the 

absence of disorders/abnormalities. The 

criteria for necrosis were determined by 

comparing the percentage of the total area 

of necrosis to that of the liver parenchyma 

(mild = <10%, moderate = 10-25%, severe 

= 50%). The degree of portal inflammation 

was categorized by identifying 

inflammatory cell influx in the periportal 

area (mild = <1/3 portal tract, moderate = ½ 

portal tract, severe = >2/3 portal tract). 

Inflammation was characterized by the 

presence of lymphocytes, plasma cells, and 

macrophages while necrosis was identified 

from changes in the nucleus (shrinkage or 

pyknosis) and cell cytoplasm (the area with 

necrosis seemed more pale/eosinophilic). 

Observations were made in single 

blinding by an independent pathologist 

from an agency unaffiliated with the 

researchers. A light microscope (Olympus 

CX2) was used for the observation in 5 

fields of view with a 100x magnification. If 

abnormalities were found in the liver 

parenchyma, the morphological changes 

would be observed with a magnification of 

400x. 

Data from the three main parameters of 

observation in this study (hemosiderin, 

portal inflammation, and hepatocyte 

necrosis data) were stated as a percentage 

(the number of positive individuals divided 

by the total number of individuals in the 

group x 100%) and presented descriptively. 

 

RESULTS AND DISCUSSION  

This study shows that induction by 

Plasmodium berghei can lead to 

histopathological changes in the mouse 

liver. Such changes include hemosiderin 

accumulation, inflammation in the portal 

area, and necrosis (Figure 1). The 

administration of Areca nut ethanol extract 

is able to improve the histopathological 

features compared to either single curcumin 

therapy or combination therapy (K4= no 

necrosis; mild portal inflammation = 50%, 

moderate = 25%; hemosiderin = 25%). The 

combination therapy indicates similar 

potential with the single therapy of Areca 

nut ethanol extract in terms of the 

inflammation and necrosis parameters. 

Compared with the standard therapy group, 

the Areca nut ethanol extract therapy also 

results in better suppression of portal 

inflammation (K1 = mild, moderate 

inflammation at 75%, 25% respectively). 

However, the Areca nut ethanol extract 

therapy has not been able to show 

histopathological feature resemblance to 

that of healthy condition (K6 = normal, 

mild, moderate inflammation at 50%, 50%, 

0% respectively; hemosiderin = 0%). The 

data of histopathological observation of the 

liver is presented in Table 1. 



Safira, AA. Et al. Etanol Extract of Areca… 

83 

 
Figure 1.  P. berghei infection causing hemosiderin deposition, inflammation, and 

necrosis (400x magnification, HE). A: Hemosiderin deposition indicated 

by a brownish color (red arrow), B: Mild necrosis (black arrow), C: mild 

portal inflammation, D; moderate portal inflammation 

 

Table 1. Percentage of necrosis, portal inflammation, and hemosiderin in the mouse 

liver  

Group 

(N) 

Necrosis (%)  Portal Inflammation (%)  Hemosiderin 

(%) Normal Mild Moderate Severe Normal Mild  Moderate Severe  

K1 (4) 100 0 0 0 0 75 25 0 50 

K2 (4) 50 50 0 0 25 75 0 0 50 

K3 (4)  100 0 0 0 25 50 25 0 75 

K4 (4) 100 0 0 0 25 50 25 0 25 

K5 (4) 75 25 0 0 25 75 0 0 50 

K6 (4) 100 0 0 0 50 50 0 0 0 

Note: K1 = positive control group (parasitemia + chloroquine therapy), K2 = parasitemia 

without therapy, K3 = parasitemia + combination therapy (Areca nut ethanol extract + 

curcumin), K4 = parasitemia + Areca nut ethanol extract, K5 = parasitemia + curcumin therapy, 

K6 = healthy group  

 

The results of this study indicate that 

the administration of Areca nut ethanol 

extract for a short term (4 days) can result 

in better histopathological features 

compared to the combination therapy, 

curcumin therapy, and standard therapy. 

Areca nut ethanol extract therapy, however, 

has not been able to provide 

histopathological features that resemble 

those of the liver of the healthy group. 

Hemosiderin deposition in the liver remains 

observable in all types of the therapy given  

 

in this study, whereas the portal 

inflammation is a histological feature 

which can also be found in healthy 

individuals. 

The use of Areca catechu as herbal 

medicine remains to have pros and cons. A 

large number of studies have proved that 

Areca catechu has therapeutic effects 6,12,13, 

but some other studies have demonstrated 

that therapy involving Areca catechu 

results in negative or even carcinogenic 

effects. 14–16 This indicates that research to 
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examine the therapeutic dose of Areca 

catechu as herbal medicine should continue 

to be further developed. 

Some research shows that Areca nuts 

has therapeutic effect. Areca nut extract is 

known to have antibacterial and antiviral 

effects.6 Extract of Areca catechu also has 

the potential to support wound healing.12 

Other research has also shown that Areca 

nut extract is potential against malaria. In 

line with these findings, the therapy using 

Areca nut extract at a dose of 150 

mg/kgBW for 4 days in this study shows the 

potential for hepatic tissue repair in P. 

berghei-induced animals (minimal 

hemosiderin deposition without necrosis). 

However, portal inflammation can still be 

found in the therapy using Areca nut extract 

(50% mild, 25% moderate). Overall, such 

potential is considerably better than therapy 

using chloroquine. No research has 

reported the therapeutic potential of Areca 

nut extract and curcumin combination. In 

this study, such combination can only 

suppress the presence of necrosis but is 

unable to treat hemosiderin and portal 

inflammation. This indicates that the 

therapeutic potential of Areca nut extract at 

a dose of 150 mg/kgBW against malaria is 

achieved as single therapy. The use of 

Areca nuts is also believed to have low 

toxicity. A study shows that the 

administration of the simplicia powder of 

Areca nuts macerated using 95% ethanol to 

rats for 3 weeks results in no toxic effects 

on the kidneys and liver based on functional 

and morphological analyses.17 

When entering the body, Plasmodium 

induces inflammation which is a form of 

the host's response to eliminate invading 

pathogens. In malaria, inflammation is 

unable to eliminate the Plasmodium that 

enters the body and adversely causes severe 

damage to the host. The activation of 

macrophages and neutrophils during an 

inflammatory process in malaria results in 

increased ROS levels and increased pro-

inflammatory cytokines. Oxidative stress 

can raise cell fragility (thus raising 

hemolysis and thrombocytopenia) while 

pro-inflammatory cytokines induce 

receptor formation in the endothelium to 

recognize plasmodium-infected 

erythrocytes.18,19 The process by which the 

receptors recognize erythrocytes will result 

in cytoadherence that can eventually lead to 

tissue ischemia.19 Such ischemic condition 

can deteriorate cell conditions during which 

the cells also experience inflammation due 

to malaria infection. When the cells are 

unable to survive this condition, they end 

up as necrosis. 

A study found that parasitemia levels 

in malaria infection negatively correlate 

with antioxidant levels, thus suggesting that 

the higher the level of parasitemia, the 

lower the antioxidant level. In a malaria 

infection with 5-10% parasitemia, the GSH 

levels will decrease by 20%. Meanwhile, in 

20-30% parasitemia, the decrease in GSH 

reaches 45% 3. Reduced antioxidant levels 

can result in hemolysis and tissue 

damage.1,20 Similar to such findings, this 

study shows that 5-12% parasitemia leads 

to portal inflammation, necrosis, and 

hemosiderin deposition. However, the liver 

damage in this study is relatively mild (50% 

necrosis and mild portal inflammation in 

the unhealthy control group). 

Hemosiderin accumulation in the liver 

indicates deposition of erythrocyte 

destruction in hepatocytes or 

macrophages.21 Hemolysis leads to heme 

and globin formation. Heme will 

experience deposition in the form of 

hemosiderin or ferritin.19 Hemosiderin 

accumulation can be observed in the liver 

of plasmodium-infected animals.21 

Similarly, this study found that 50% of the 

P. berghei-infected animals exhibits 

hemosiderin deposition. 

Areca nuts contain strong antioxidants 

which can be expected to overcome liver 

damage.7,22 No studies have shown the 

potential of Areca nuts to improve liver 

damage, particularly in malaria conditions. 

This study reveals that the use of Areca nut 

extract alone can reduce damage to the 

liver. When used in combination with 

curcumin, Areca nut extract has been 
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unable to provide a therapeutic effect on the 

liver of P. berghei-infected mice. Although 

research by Ali, et al.9 indicates that 

curcumin has the ability to reduce different 

pro-inflammatory cytokines in 

plasmodium-infected animals, this study 

found that no significant changes at the 

tissue level have been observed. Curcumin 

can only suppress hepatic necrosis in the 

experimental animals. 

This research has some limitations in 

that the researchers only focus on 

qualitative identification of the 

morphological changes in the liver without 

taking into consideration the other 

laboratory aspects. Consequently, the 

researchers are unable to correlate the 

therapeutic effects of Areca nuts on the 

liver and the systemic conditions that occur 

in P. berghei infection. Changes in the 

hepatic function (such as AST and ALT 

levels) during P. berghei infection have not 

been identified either. However, this study 

has been able to demonstrate the potential 

of Areca nut extract as malaria therapy at 

the morphological level. This scientific 

evidence can become the basis of malaria 

research development in conjunction with 

the use of Areca nut extract. Further 

research is required to identify the range of 

therapeutic dose and toxic dose of Areca 

nut extract as herbal therapy for malaria in 

experimental animals. 

 

CONCLUSION  

The administration of Areca nut ethanol 

extract alone in a short term can provide better 

histopathological features than those of 

curcumin therapy alone or combination 

therapy. 
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