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Abstract. Malaria caused by Plasmodium is one of common infectious diseases in tropical country that cause severe problems
every year. Several efforts have been developed to eradicate this disease, especially related with new drugs discovery. One of
traditional drugs from Gaharu’s leaves has been widely known to cure malaria. However, there is no clinical study yet. This study
was examining histopathological effects of Gaharu’s leaves extract on liver and kidney of mice. Twelve Swiss mice were divided
into 4 treatments, those were without DHP (Dihydroarteromisinin-piperaquine as common malaria’s drug); with DHP; ethanolic
extract of Gaharu’s leaves at the concentration of 100 and 200 mg/kg BW. Plasmodium infection was done by applying “4 days
test” or Peter’s Suppressive Test method. The mice were sacrificed using overdose ketamine prior to liver and kidney
samples collection for histopathological procedure. The samples were fixed with neutral buffered formalin, proceed using
paraffin method, and stained with Hematoxylin-Eosin. Histopathological scoring was done using ordinal method and post
examination masking. The results reveal that Gaharu’s leaves extract treatment exhibit higher histopathological effects in
liver and kidney compared to DHP treatment. The histopathological effects that can be detected include cellular damages,
hemorrhage, congestion, and inflammation. These results suggested that Gaharu’s leaves extract could not overcome
histopathological effect of Plasmodium in liver and kidney compare to DHP. Thus, we concluded that ethanolic extract of
Gabharu’s leaves is less effective to be developed as antimalaria compared to DHP.

INTRODUCTION

Malaria is an infectious disease, widely spread in tropical country, and still become serious threat in endemic area.
This disease is infected by Plasmodium with female mosquito (4nopheles spp.) as the vector [1]. Many studies were
done using P. berghei, a Plasmodium which cause malaria in rodent such as mouse, as a model to develop therapy
against malaria. The genome size of P. berghei is similar with that of P. falciparum, which cause malaria in human
[2].

Many efforts have been done to minimize the spread of this disease, include its prevention and medication.
Vaccine can be the best way to cure malaria. Unfortunately, until now there is no effective vaccine against malaria.
Furthermore, many drugs have been developed to eradicate malaria. Since 2008, dihydroartemisinin-piperaquine
(DHP) widely use as antimalaria. This drug is an active metabolite from artemisinin with quick response to eliminate
parasite from the body, whereas piperaquine has longer half-life around 19-28 days [3].

Development of antimalaria drugs gain serious attention. Recently, many antimalaria has been developed from
plants. Some of them are extract of C. paradisi [4], aqueous leaf extract of Mangifera indica [5], and ethanol bark
extract of B. sapida [6]. Indonesia also has a lot of potential medicinal plant which can be used as antimalaria such as
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Gabharu (agarwood), Aquilaria malaccensis. Gaharu was known having high antioxidant activity [7], antibacterial [8],
and antiinflammation [9]. Alvernita [10] stated that Gaharu also can be used to cure malaria. Gaharu leaves contain
secondary metabolite such as alkaloid, tannin, phenol, terpenoid, quinone, flavonoid, sesquiterpenes, and
anthraquinone [11, 12]. These phytochemicals can be developed as promising drugs [13] especially as antimalaria.

Gaharu leaves has been used as traditional drug such as antimalaria for long time. However, there is no empirical
study yet especially on its histopathological effects. Thus, it is important to study the safety level of Gaharu as
antimalaria, especially in its target organs such as liver and kidney although some studies reported that Gaharu relative
save to be use as traditional drugs and beverage [7, 9].

METHODS

Ethanolic Extract of Gaharu’s Leaves

Gaharu’s leaves (Aquilaria malaccensis) randomly picked from its tree at Bogor Botanical Garden. Mature leaves
with dark green color, 8-9 cm length, 4-5 cm width were chosen. The leaves were dried, mashed, and extracted with
soxhletation method. Two-point one gram of leaves were soxhleted using 96% ethanol to make the filtrate. Then,
the filtrate was evaporated using fan in the evaporation chamber.

Four Days Test of Plasmodium

Four days test or Peter’s Suppressive Test were done using 12 male Swiss mice (Mus musculus L.), which divided
into 4 groups (TABLE 1.). Six to eight weeks mice with weight around 25-30 g were acclimatized for 7 days. The
mice were infected intraperitoneally with P. berghei using 0.6 mL of blood contained + 1 x 10° P. berghei. After 3
hours, ethanolic extract of Gaharu’s leaves were orally administrated to the treatment groups for 4 days successively.
This research was under ethical clearance no: 00043/04/LPPT/V1/2018.

TABLE 1. The mice grouping of the treatment
Group Treatment
Negative control  Plasmodium berghei + DMSO 1%
Positive control Plasmodium berghei + DMSO 1% + DHP

Pl Plasmodium berghei + DMSO 1% + ethanolic extract of Gaharu’s leaves 100 mg/kg
BW

P2 Plasmodium berghei + DMSO 1% + ethanolic extract of Gaharu’s leaves 200 mg/kg
BW

Necropsy, Organ Collection, and Histological Preparation

The mice were sacrificed intramuscularly using overdose of ketamine. Liver and kidney were collected and fixed
using neutral buffered formalin. Histological preparation was done using paraffin method, section thickness + 6 um,
and stained with Hematoxylin-Eosin as Bancroft and Cook [14] protocols. Histopathological data were gained from
50 fields of view with 10 x 40 magnification in each group.

DATA ANALYSIS

The histopathological data were analyzed using descriptive comparative method. The organs scoring was done
using ordinal method and post examination masking (TABLE 2. and 3.).

TABLE 2. Scoring parameter of liver

Histopathological parameter Score
Celullar damage
No damage 0
Light necrosis < 15% 1
Mild necrosis 15 - 40% 2
Severe necrosis 41 - 70% 3
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TABLE 2. Contd’

Histopathological parameter Score
Very severe necrosis 71 - 100% 4
Hemorrage
No hemorrhage
<15%
15 - 40%
41 -70%
71 - 100%
Inflammation
Absent
Focal
Diffuse
Intense

AW —=O

W= O

TABLE 3. Scoring parameter of kidney
Histopathological parameter Score

Tubular

No damage

Reversible injuries

Light necrosis (< 25%)

Mild necrosis (25 - 50%)

Severe necrosis (> 50%)

Glomerular

No damage

Thickening of Bowman capsule

Retraction of glomerular tuft

Glomerular fibrosis

Interstitial

No damage

Congestion or hemorrhage

Congestion or hemorrhage with necrosis < 25%
Congestion or hemorrhage with necrosis 25 - 60%
Congestion or hemorrhage with necrosis > 60%

W N = O W= O

LAV I S R )

RESULTS AND DISCUSSION

Ethanolic Extract of Gaharu’s Leaves Have Minor Histopathological Effect in The Liver of
Mouse Infected by Plasmodium berghei

Some studies reported that malaria could cause serious damage in many organs such as liver and kidney. Liver is
one of major target organs of Plasmodium infection. The mechanisms of Plasmodium infection start after this
Plasmodium infected the blood. Through blood circulation, the parasite entered liver’s parenchyma. Parasite which
grown in hepatocytes become a schizont and developed to be a merozoite. Then, hepatocytes which consist of parasite
will break down and merozoites freely escape, part of merozoites will remain inside of hepatic phagocyte. Erythrocytic
cycle started after merozoite entering erythrocytes. Then, tropozoite will develop become young schizont, then
become mature schizont and divide become merozoites. After this phase finish, erythrocytes break down to release
merozoites, pigment, and cell debris entering blood plasma. This cycle will repeat when the parasite entering another
erythrocyte [15].

Kalia et al. [16] reported that Plasmodium berghei infection caused several histopathological effects such as
disruption of hepatic architecture because of hepatic necrosis, sinusoidal dilatation and congestion [5, 17], increased
number of Kupffer cells, lymphocytes infiltration [5], Kupffer cells hyperplasia, and haemosiderosis [17]. The similar
histopathological effects also found in human infection by Plasmodium falciparum such as Kupffer cells hyperplasia
and portal tract inflammation [18].
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Curing mechanism of DHP in malaria treatment through admission of artemisinin to food vacuole of the parasite
which further will interact with hemoglobin which release free radicals to destroy vital component of parasite. This
will cause the death of the parasite [19]. Whereas, ethanolic extract of Gaharu’s leaves will attack the parasite using
its secondary metabolites. The secondary metabolites could inhibit the growth of Plasmodium by destroying
Plasmodium’s cell membrane at high dose [20].

In this study, we found that Plasmodium berghei caused cellular damage (fatty change, cloudy swelling, necrosis,
pyknotic, karyolysis, and karyorrhexis), hemorrhage, congestion, and inflammation at different level of treatment in
liver (TABLE 4.). The results showed that without drug treatment, Plasmodium will cause severe effect to the liver
especially cellular injuries and intense inflammation (Fig 1A.). Whereas DHP (Fig 1B.) and Gaharu’s leaves extract
(Fig 1C. and 1D.) can decrease the effect of cellular injuries or inflammation in liver infected by Plasmodium berghei.
Singh & Chauhan [21] studied that flavonoid and alkaloid could inhibit the growth of Plasmodium berghei.

TABLE 4. Histopathological effects of ethanolic extract of Gaharu’s leaves in liver of mouse infected by Plasmodium berghei

Type of damage Treatment
No DHP DHP Gaharu’s leaves extract Gaharu’s leaves extract
100 mg/kg BW 200 mg/kg BW
Cellular damages 2 1 2 2
Hemorrhage 1 1 | 1
Congestion 1 1 1 1
Inflammation 3 1 0 1

Note: score explanation refers to TABLE 2.

We found that Gaharu’s leaves extract at the concentration of 200 and 100 mg/kg BW could reduce as well as
eliminate inflammation caused by Plasmodium, respectively. This result consistent with previous study by
Apridamayanti et al. [11] which reported that Gaharu’s leaves contain antiinflammation compound. Our result also
showed that DHP could decrease inflammation in liver infected by Plasmodium. However, the decreasing is not as
much as Gaharu’s leaves extract treatment.

Previous study reported that DHP could inhibit the growth of Plasmodium. Gaharu’s leaves extract also could
temporarily inhibit the growth of Plasmodium if given at lower concentration [20]. Some studies reported that aqueous
extract of Gaharu’s leaves showed no toxicity in testis of mice up to concentration of 1000 mg/kb BW [22] as well as
in liver and kidney of rat at the concentration below 2000 mg/kg BW [23]. Our results showed that ethanolic extract
of Gaharu’s leaves could ameliorate the histopathological effect of Plasmodium in liver especially the inflammation
effect at the concentration of 100 mg/kg BW compare to the concentration of 200 mg/kg BW. This result consistent
with previous study by Apridamayanti et al. [11] which reported that Gaharu has antiinflammation activity in rats.

In this study, we also found that Plasmodium infection caused hemorrhage. Hemorrhage is characterized by blood
lose from blood vessel. Blood will escape from blood vessel and fill extracellular areas. Acute hemorrhage may cause
hypoxia cellular, decreasing of tissue perfusion, organ damage, and death [24]. In this study, we found that
Plasmodium berghei only caused very light level hemorrhage in all groups (TABLE 4. and Fig 1.).

The results also showed that there was congestion in liver of all groups (Fig 2.). Congestion or blockage of blood
vessel is a condition where there is excessive blood in the blood vessels [25]. Zachary & McGravin [26] reported that
in chronic congestion caused fibrosis. Our results showed the congestion level just similar with that of hemorrhage.
Only found at very light level. However, Razak et al. [23] reported that aqueous extract of Gaharu’s leaves at the
concentration of 2000 mg/kg BW caused vascular congestion and lymphocytic infiltration. That is mean the Gaharu’s
leaves contain secondary metabolite which relative save at the lower concentration and should be use with caution.

DHP is a malaria drug which can kill Plasmodium berghei. This drug gives quick response against fever and
eliminate asexual phase of the P. berghei with fever free and asexual free parasites around 1,6 days and 1 day,
respectively followed by increasing of hemoglobin level improvement of patient [15].

Inflammation is a kind of defense mechanisms which cause by tissue’s response against parasites. Inflammation
is characterized by blood clot and rosy tissue because many erythrocytes escape from blood vessel. Inflammation
response proposed to restore tissues condition and suppress the agent that caused necrosis. Inflammation response was
done by regeneration of the losing cells, scar formation, and leucocytes infiltration in necrotic area [27]. We found
that Gaharu’s leaves extract at the concentration of 100 mg/kg BW could eliminates inflammation (Fig 3.).

Inflammation is a protective response to remove necrotic cells. This response will decrease if the concentration of
Gaharu’s leaves extract which entering the body reduced [28], that is possibly treatment with Gaharu’s leaves extract
at the concentration of 100 mb/kg BW decrease the level of inflammation.
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FIGURE 1. Cellular damages in liver of mouse infected by Plasmodium berghei. A.without DHP (untreated); B. DHP;
C. Gaharu’s leaves extract 100 mg/kg BW; D. Gaharu’s leaves extract 200 mg/kg BW. Pn: pyknotic, Fe: fatty change, Cs:
cloudy swelling, Kr: karyorrhexis, KlI: karyolysis, Hr: hemorrhage, Cg: congestion. Staining: Hematoxylin-Eosin. Bar: 30 pm.

g SV

FIGURE 2. Congestion (black arrow) in liver of mouse infected by Plasmodium berghei. A. without DHP
(untreated); B. DHP; C. Gaharu leaves extract 100 mg/kg BW; D. Gaharu’s leaves extract 200 mg/kg BW.

Cg: congestion. Staining: Hematoxylin-Eosin. Bar: 30 um.
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FIGURE 3. Inflammation (black arrow) in hver of mouse 1nfected by Plasmodzum berghei. A. without DHP (untreated);
B. DHP; C. Gaharu leaves extract 200 mg/kg BW. Staining: Hematoxylin-Eosin. Bar: 30 um.

Gaharu’s Leaves Ethanolic Extract Cause Histopathological Effect in Kidney of Mouse
Infected by Plasmodium berghei

Sibiya et al. [29] reported that malaria can disturb kidney function along with increasing of oxidative stress. In
more serious cases, it will be followed by histopathological effect such as necrotic in renal morphology [16] like
tubular necrosis [4, 17] and perivascular interstitial mononuclear cell infiltration [17], thickening of glomerular
basement membrane and Bowman capsule [29]. In this study, we found that Plasmodium berghei infected mouse
kidney and caused many histopathological effects in tubular, glomerular, and interstitial areas. The result showed that
administration of ethanolic extract of Gaharu leaves at the concentration of 200 mg/kg BW caused higher level of
damage among other groups in all kidney areas followed by ethanolic extract of Gaharu leaves at the concentration of
200 mg/kg BW and DHP groups. Whereas untreated group showed lightest damage level. However, despite of many
damages in Gaharu’s leaves extract and DHP the level is light and reversible (TABLE 5.).

One type of damages in kidney areas was cloudy swelling with light staining of the nuclei and has wider size
compare to that of normal cell (Fig 4.). Cloudy swelling is one response to the lesion which cause by trauma, anoxia,
immunity disruption, toxic agents, bacteria, virus, or other pathogens [30]. We also found pyknotic cells (Fig 4.) which
characterized by shrinkage of nuclei, DNA and basophil mass condensation which consider as irreversible injury [31].
At the higher level this could cause karyolysis and karyorrhexis.

TABLE 5. Histopathological effect of Gaharu’s leaves ethanolic extract in the mouse kidney infected by Plasmodium berghei

Damage type Treatment
No DHP (DHP) Gaharu extract 100 mg/kg Gaharu extract 200 mg/kg BW
BW
Tubular damage 1 2 2 2
Glomerular damage 1 1 2 2
Interstitial damage 1 1 1 2

Note: score explanation refers to TABLE 3.

Gaharu’s leaves extract at the concentration of 200 mg/kg BW caused many tubular damages compare to other
groups. This might be Gaharu’s leaves contain more secondary metabolite which affect the kidney compare to other
groups. Some of this secondary metabolite might give benefit effect against Plasmodium infection but others
compounds may cause adverse effect to kidney although it just categorized as reversible injuries at light level of
damage. Medication with some drugs such as dihydroatemisinin might be cause some effect to kidney. However, level
of damage from DHP group was lower compare to treatment group with Gaharu’s leaves extract.
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FIGURE 4. Histopatological effects in tubular area of kidney of mouse infected by Plasmodium berghei.
A. without DHP (untreated); B. DHP; C. Gaharu’s leaves extract 100 mg/kg BW; D. Gaharu’s leaves extract 200 mg/kg BW.
KI: Karyolysis, Kr: Karyorrhexyis, Pn: Pyknotic, Cs: Cloudy swelling. Staining: Hematoxylin-Eosin. Bar: 30 um.

We also found glomerular shrinkage and thickening of Bowman capsule (Fig 5.). This was consistent with previous
study by Sibiya et al. [29] which found thickening in glomerular membrane and Bowman capsule of mouse’s kidney
which infected Plasmodium berghei. Plasmodium berghei infection will stimulate immune system to activate T
lymphocyte, macrophage, and cytokine which induced releasing of reactive oxygen intermediate (ROI) and reactive
nitrogen intermediate (RNI). ROI and RNI will react to form nitric oxide through activation of inducible nitric oxide
synthase which further will eliminate the parasite. However, since the action is not specific sometimes it caused
pathological effect [32]. Further, reactive oxygen species will cause cell death [33]. Sibiya et al. [29] reported that in
malaria was followed by increasing of oxidative stress.

We also found congestion and hemorrhage (Fig 6.). Congestion happen when blood highly increase in the blood
vessel at certain area [34]. Whereas, hemorrhage caused by some factors such as trauma, virus or parasite infection
which destruct mucous layer and secreted anticoagulation agent, toxic compound which cause blood clot that induce
bleeding, and uremic toxin that can damage the endothelial of blood vessel [35]. In this study, we found hemorrhage
in all groups which cause by Plasmodium berghei infection.

We found that Gaharu’s leaves extract at the concentration of 200 mg/kg BW caused highest histopathological
effects such as congestion and hemorrhage in the interstitial area of kidney. Whereas the other three groups suffer
similar histopathological effect level. However, the Gaharu leaves extract at the highest concentration was felt at the
light level and reversible. Whereas, the other three groups at the level very slight. Although some studies reported that
secondary metabolites of Gaharu’s leaves quite save to be consumed, Razak et al. [23] reported that at quite high
concentration (2000 mg/ kg BW), aqueous extract of Gaharu’s leaves caused cytoplasmic vacuolation and pyknotic
nuclei of kidney. In our study seem that followed Plasmodium infection, Gaharu’s leaves extract promotes more tissue
injuries in kidney compare to that of in liver through unknown mechanism. Previous study by Apridamayanti et al.
[11] reported that Gaharu contain many secondary metabolites such as alkaloid, flavonoid, phenol, antrakuinon, and
terpenoid. Among those compounds, they found that flavonoid most potential as antiinflammation in rat at the
concentration of 180 mg/kg BW. Other compound of Gaharu’s leaves such as flavones, flavonol, isoflavones,
glycosides, tannins, and steroid/triterpenoids also potential as antioxidant [7, 36]. At one side, it seems that Gaharu’s
leaves potential to developed as new antimalaria. However, the potential of ethanolic extract of Gaharu’s leaves should
be used with caution especially if there is a previous infection by Plasmodium.
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FIGURE 5. Histopatological effects in glomerular area of kidney of mouse infected by Plasmodium berghei. A. without
DHP(untreated); B. DHP; C. Gaharu leaves extract 100 mg/kg BW; D. Gaharu leaves extract 200 mg/kg BW. tcb: thickening of
Capsule of Bowman. Staining: Hematoxylin-Eosin. Bar: 30 pm.

FIGURE 6. Histopathological effects in interstitial area of kidney of mouse infected by Plasmodium berghei.
A. without DHP (untreated); B. DHP; C. Gaharu leaves extract 100mg/kg BW; D. Gaharu leaves extract 200mg/kg BW.
Staining: Hematoxylin-Eosin. Bar: 30 pm.

CONCLUSION

The results suggested that Gaharu’s leaves extract could not overcome histopathological effect of Plasmodium in
liver and kidney compare to DHP. Thus, we concluded that ethanolic extract of Gaharu’s leaves is less effective to be
developed as antimalaria compared to DHP.
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