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Abstract

Background & objectives: The greatest challenge in reducing the high mortality and morbidity of
malaria is due to the emerging incidence of artemisinin resistance. We analyzed eponemycin analog in
Streptomyces hygroscopicus subsp Hygroscopicus extract and its anti-plasmodial activity in P. berghei.
Methods: Isolate of S. hygroscopicus was macerated using ethyl acetate: International Streptomyces
Project 4/ISP4 medium (1:1 v/v) and analyzed using Thin Layer Chromatography (TLC) and High
Performance Liquid Chromatography (HPLC). Plasmodium berghei-infected mice were grouped into a
group of non-treated control and three groups treated with various dosage of S. hygroscopicus (130, 580,
and 2600 µg/kgBW for 5 days).
Results: TLC analysis showed a spot with Refractory factor (Rf) 0.7. HPLC demonstrated 3.768% and
5.796% Dyhidroeponemycin in two samples. The degree of parasite on Day 3-6 (compared to Day 1) was
significantly lower when a series of dosages of 130, 580, and 2600 µg/kgBW were given. Treatment with
this compound at the dosage of 2600 µg/kgBW reduced the degree of parasite on almost all days.
Histological examination of the spleen showed morphological improvement in all treated groups.
Conclusion: Eponemycin analog in crude metabolite extracts of S. h. Hygroscopicus is potential
candidate for a new antimalarial drug.
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Introduction
The spread of antimalarial drug resistance for treatment and
prevention of malaria has caused major problems in malaria
control programs. Resistance to antimalarial agents has been
reported for human’s plasmodial species including Plasmodium
falciparum, P. vivax, and P. malariae [1]. Artemisinin
resistance was reported in P. falciparum in South East Asia
including Cambodia, Myanmar, Thailand, and Vietnam.
Between 2001 and 2007, the proportion of patients that were
parasitemic on day 3 after treatment with either artemether-
lumefantrine or artesunate-mefloquine exceeded 10% in
western part of Cambodia. The proportion of patients with
parasitemia on day 3 after treatment with dihydroartemisinin-
piperaquine (DHAP) increased from 26% to 45% between
2008 and 2010 [2]. Plasmodium vivax has developed resistance
against sulfadoxine-pyrimethamine (SP) and chloroquine (CQ)

in Indonesia, Papua New Guinea, Timor-Leste, and Oceania
[1].

Along with the slow progress of effective malaria vaccine
discovery, the findings of new antimalarial drugs remain the
main priority. Ubiquitin-Proteasome System (UPS) is a system
consisted of ubiquitin and multi-subunit protease complex in
all eukaryotic cells. The UPS has a central role for quality
control of gene expression and gives response toward oxidative
stress. 20S proteasome as well as ubiquitin gene are expressed
during Plasmodium life cycle [1]. Proteasome has important
role on all stage of Plasmodium during its life cycle [1,2]. 20S
proteasome has an active CP SU (Core Protein Sub-Unit) with
caspase-like activity, trypsin-like, and chymotrypsin-like
respectively.

Many studies have reported potent effects of variety
proteasome inhibitors against each stage of Plasmodium.
Parasites treated with proteasome inhibitor demonstrated
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inhibition in DNA replication phase due to the high number of
ubiquitinated protein. Proteasome of Plasmodium has been
shown its existence indirectly by using its inhibitor. Previous
study showed that proteasome inhibitor for malaria,
lactacystin, inhibited liver and blood-stage Plasmodium growth
prior to DNA synthesis [3]. A similar effect was reported for
MLN-273 and the activity of this compound against the
proteasome was confirmed by demonstrating the accumulation
of ubiquitinated proteins in treated parasites [4].

Our previous study demonstrated that the crude metabolite
extract of Streptomyces hygroscopicus subsp. Hygroscopicus
contained eponemycin, a potential candidate for a new anti-
malarial drug through inhibition of UPS function of the
parasite and can cause stress to P. berghei. Metabolite extract
of S. hygroscopicus Hygroscopicus (Actinomycetes family) at
dosage of 2600 mg/kgBW caused morphological changes and
damage to P. berghei possibly through inhibition of UPS as
revealed by the increased accumulation of ubiquitinated
protein of P. berghei [5]. This research is aimed to explore the
effect of eponemycin analog contained in S. hygrocopicus
Hygroscopicus isolated from Indonesia and examine its
activity as an anti-malarial agent.

Materials and Methods

Research design
The eponemycin analog contained in S. hygroscopicus was
analyzed by Thin Layer Chromatogaphy (TLC) and High
Performance Liquid Chromatography (HPLC). The study was
done to reveal the activity of crude metabolite extracts of S.
hygroscopicus in inhibiting the growth of P. berghei in
BALB/C mice and examine the spleen morphology by
histology.

Samples were divided into a control group where mice were
infected with P. berghei without any treatment. The treatment
groups consisted of mice that were infected with P. berghei and
treated intra-peritoneally with metabolite extract of S.
hygroscopicus subsp. hygroscopicus at the dosage of 130 µg/
kgBW, 580 µg/kgBW, and 2600 µg/kgBW for 5 days
respectively). Each group consisted of five male mice with the
age-range between 8-12 weeks. The degree of parasitaemia in
the infected mice was calculated on the first day of malaria
infection until the last treatment. Histopathology of the spleen
was examined.

Exploration of eponemycin analog contained in
Streptomyces hygroscopicus Hygroscopicus
Streptomyces hygroscopicus Hygroscopicus medium:
International Streptomyces Project (ISP4) medium consisted of
10 g soluble starch, 1 g of K2HPO4, 1 g of MgSO4.7H20, 1 g of
NaCl, 2 g of (NH4)2SO4, 2g of CaCO3, 1 ml of trace salt
solution (consisted of 0.1 g of Fe2SO4.7H20, 0.1 g of
ZnSO4.7H2O, 0.1 g of MnCl2.4H2O in distilled water), 20 g
agar, 1 L distilled water. The medium pH was adjusted to
between 7.0-7.4 and autoclaved at 121°C for 15 minutes [6].

Inoculation, fermentation, and metabolite extraction:
About 25.8 × 106 bacteria were inoculated in 50 ml ISP4
medium in the Erlenmeyer glass and were incubated for 7 days
at 28°C in shaking incubator. Fermentation was carried out in 2
ml of bacteria suspension were mixed in 50 ml of ISP4
medium in an Erlenmeyer bottle. The mixture was incubated
for 7 days at 28°C in shaking incubator. The fermented
medium was mixed with ethyl-acetate 1:5 (v/v) and shaken for
1 hour, then deposited in a separate funnel for 4 hours.
Bacterial metabolite was bound in solvent in the upper side at
the ethyl-acetate phase. Water phase was discarded and the
ethyl-acetate phase was collected. Subsequently, the mixture
was heated at 80-90°C waterbath until a dried powdered
metabolite extract was obtained [7].

Thin layer chromatogaphy (TLC) preparation
Streptomyces hygroscopicus extract in the form of powder was
dissolved in methanol. TLC chamber was coated by filter paper
on each side. Silica plate was cut into 2 × 10 cm. Sample was
spotted on paper as much as 30 mL with silica capillary tube.
Sample adequacy checking was done by examining the spot
appearance under 254 nm UV light. Selected eluent was
inserted into the chamber and then silica plate was placed into
the chamber in an upright position and allowed the the eluent
was absorbed until the upper limit. Observation was done
under 254 nm UV light. To detect the desired compound, silica
plate was sprayed with anisaldehide then heated to observe the
color changes. Further reading was done under 365 nm UV
light [8].

High performance liquid chromatography (HPLC)
preparation
Preparation of dihydroeponemycin standard: One mg of
dihydroeponemycin standard was dissolved in 5 mL flask with
200 ppm dichloromethane: MeOH (98: 2) eluent. Standard
solution was titrated with 6.25; 12.5; and 25 ppm
dihydroeponemycin concentration and then 20 µL was injected
into the HPLC.

Sample preparation of Streptomyces hygroscopicus extract:
Two and a half mg of sample was placed in a 15 mL conical
tube. The sample was mixed with 3 ml dichloromethane:
methanol (98: 2) eluent. Solution was subjected to
ultrasonication for 5 minutes, and put in a 5 mL volumetric
flask, placed to mark the eluent, and filtered with Millex 0.45
µm. Twenty µL of the solution was injected into the HPLC.

Experimental study
Healthy BALB/C male mice (8-12 weeks) weighing 30-40
grams were purchased from the Gadjah Mada University were
used. Mice were cared in cages 30 × 30 cm with 4-5 mice per
cage. Mice were given standard food and drink every day. The
study has been approved by the Ethics Commission of the
Faculty of Medicine, Universitas Brawijaya.
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Preparations and inoculation of P. berghei
Parasites were obtained from Biomedical Laboratory,
Universitas Brawijaya. Erythrocyte pellet infected with P.
berghei stored in liquid nitrogen tank at -135°C was thawed
and subjected to centrifugation at 2000 rpm for 5 minutes.
Pellets were washed twice in RPMI medium and diluted as
needed for inoculation to donor mice. After parasitemia of
donor mice reached more than 10%, blood was collected
through cardiac puncture. Parasite infection was done to the
experimental mice intraperitoneally at 107 parasites in 0.2 ml
[9].

Metabolite extracts of S. hygroscopicus subsp.
Hygroscopicus treatment
Crude metabolite extracts of S. hygroscopicus subsp.
Hygroscopicus was dissolved in DMSO using sonicator.
Dilution was made with RPMI medium to make concentration
of 130, 580, and 2600 µg/kgBW per 200 µl. Treatment was
given by injecting a total of 200 µl metabolite extracts of S.
hygroscopicus subsp. Hygroscopicus in mice intraperitoneally
once daily for five days.

Parasitemia evaluation
Thin blood smear from mouse tail was made to evaluate
parasitemia after each treatment once daily for six days. Thin
blood smear on the object glass was methanol fixated. Slides
were stained with 20% Giemsa for 20 minutes and washed by
distilled water. Observation was done under 1000x
magnification. Degree of parasite was counted based on total
infected erythrocytes per 1000 erythrocytes.

Histopathology examination of the spleen
On the sixth day after five-day treatment, mice were sacrificed
using inhaled-chloroform. Intra-cardiac blood and spleen were
collected. Spleen histopathology was prepared using paraffin
block method. Cross sectional slices were made in 6-8 µm
thickness. Sections were performed from end to middle-end
side of the spleen. The sections were stained using
Hematoxylin-Eosin (HE). Spleen morphology was observed
under microscope at 100x and 400x magnification.

Data analysis
Data analysis was performed using SPSS 16. Factorial
repeated-measures ANOVA test was used with p value <0.05.
Spleen histopathology was described morphologically.

Results

Thin layer chromatography (TLC) of S.
hygroscopicus extract
The sample used was fermentation medium (Figure 1A.A) and
methanol dissolved fraction (Figure 1A and 1B). Thin Layer

Chromatography (TLC) was performed using four kinds of
mobile phase eluent to yield an optimal characterization of the
extract content. TLC mobile phase eluents used were in the
Figure 1A. Refractory factor (Rf) was obtained by dividing the
stains distance from the spot with total distance (Figure 1A).
Rf was used as determinants of a compound against eluent
polarity.

In Figure 1A, Thin Layer Chromatography (TLC) 1 used
hexane and ethyl acetate at 1: 1 in a total of 10 ml. Second
eluent (TLC) 2 used hexane, chloroform, and methanol at 5: 5:
2 respectively in a total of 12 ml. Third eluent (TLC) 3 used
chloroform and methanol at 1: 1 in a total of 10 ml. Fourth
eluent (TLC) 4 used hexane and ethyl acetate at 4: 1 in a total
of 10 ml. The sample used was the result of the fraction
dissolved in methanol and fermented medium. Based on the
TLC 1 results, it was showed a visible staining on fraction with
Rf value of 0.70. Thin Layer Chromatography (TLC) 2
demonstrated staining on the fraction with Rf value of 0.76.
Thin Layer Chromatography (TLC) 3 showed two stainings
with Rf value of 0.76 on a fraction with a very visible staining
and the medium with the same Rf on fraction with unclearly
visible staining. TLC 4 had two stainings with Rf values of
0.70 and 0.76 with clearly visible staining.

High performance liquid chromatography (HPLC) of
S. hygroscopicus extract
High Performance Liquid Chromatography (HPLC)
measurements used dihydroeponemycin as standard. HPLC
test samples were extracted from S. hygroscopicus subsp
Hygroscopicus. The theoretical basis of compound
quantification was based on the measurement of the peak
height or peak area. Determination of compound concentration
used peak area or peak height plotted against the substance
concentration used [10]. Analysis of Dyhidroeponemycin
standard provided a peak height and the peak area of standard
compound. Concentration of standard solution was presented
in the form of a Dyhidroeponemycin standard solution curve
(Figure 1B) and was used to determine the concentration of
eponemycin substances in the Streptomyces hygroscopicus
extract which had been divided into two samples (samples 1
and 2) with 2 replications (Figures 1C-1F). After HPLC results
analysis on sample 1 and sample 2 data, peak area were
obtained in Table 1.

Table 1 showed a peak area differences between samples 1
(BAR) and 2 (ABAR) that will be meaningful to the
eponemycin compounds concentration in the extract. Higher
peak area was obtained in sample 2. Table 1 also presented the
results of analysis and calculation of the percentage of
eponemycin compounds in each sample. Dyhidroeponemycin
concentration, which was an eponemycin analog, in sample 1
and 2 were at 5.796% and 3.678% respectively.
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Figure 1. Thin Layer Chromatography (TLC) and High Performance Liquid Chromatography (HPLC) results. (A) TLC of extracts against several
eluents; (B) Dyhidroeponemycin standard curve (Y=69387X+232897) which was obtained from HPLC graphical analysis of dyhidroeponemycin
with 6.25 ppm, 12.5 ppm, and 25 ppm standard concentration; (C) HPLC graphical analysis of dihydroeponemycin compounds in S.
hygroscopicus isolates sample 1 (BAR) 1st replication, (D) sample 1 (BAR) 2nd replication, (E) sample 2 (ABAR) 1st replication, and (F) sample
2 (ABAR) 2nd replication; Red box showed the desired peak area.

Table 1. Dyhidroeponemycin Analysis Results in Streptomyces hygroscopicus Extract Sample

No Sample Code Weight (gr) End Volume (mL) Result Result (%)

Peak Area ppm

1. Sample 1 (BAR) 0.0025 20.0 Rep-1 727411 7.13 5.796

Rep-2 743243 7.36

Mean 735327 7.25

2. Sample 2 (ABAR) 0.0025 10.0 Rep-1 864775 9.11 3.678

Rep-2 877133 9.28

Mean 870954 9.20

BAR: sample with short storage time; ABAR: sample with long storage time; ppm: part per million; Rep: replication.

The degree of parasite
This study was true experimental with randomized post-test
control group design. There were two independent variables:

groups (control, 130, 580, and 2600 µg/kgBW doses) and days
(day 1-6) of treatment. Analysis was performed using factorial
repeated-measures ANOVA with p value=0.05. This analysis
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evaluated main effect of groups, main effect of days,
interaction, and simple contrasts of variables.

There was significant main effect of groups of treatment on the
degree of parasite, F (3, 12)=20.75, p<0.001. In contrast, all
treatment groups [130 µg/kg BW F(1,4)=20.25, p=0.011,
r=0.91; 580 µg/kgBW F (1,4)=36.07, p=0.004, r=0.95; and
2600 µg/kg BW F (1,4)=28.36, p=0.008, r=0.94] were
significantly lower compared to base category (control group).
Meanwhile, the main effect of days of treatment [F (1.51,
6.06)=86.96, p<0.001] significantly increased the degree of
parasite day by day due to parasite infection.

Days of treatment had different effect on degree of parasite
depending on which groups of treatment given [F
(15,60)=9.62, p<0.001]. To explain this interaction, contrasts
were performed comparing all groups of treatment to their
baseline (control group) and all days of treatment to their
baseline (day 1). Based on the interaction graph (Figure 2A),
the degree of parasite on day 2-6 (compared to day 1) were

significantly suppressed [day 2 F (1,4)=11.82, p=0.026, r=0.86;
day 3 F (1,4)=26.01, p=0.007, r=0.93; day 4 F (1,4)=32.40,
p=0.005, r=0.94; day 5F (1,4)=35.60, p=0.004, r=0.95; and day
6 F(1, 4)=23.24, p=0.009, r=0.92 respectively] when 130 µg/kg
BW doses of treatment given. Meanwhile, degree of parasite
on day 2 (compared to day 1) was not significantly suppressed
[F (1,4)=7.23, p=0.055] by 580 µg/kgBW doses. However,
degree of parasite on day 3-6 (compared to day 1) were
significantly suppressed [day 3 F (1,4)=28.35, p=0.006, r=0.94;
day 4 F (1,4)=31.63, p=0.005, r=0.94; day 5 F (1,4)=27.02,
p=0.007, r=0.93; and day 6 F(1, 4)=23.24, p=0.009, r=0.92
respectively] when 580 µg/kgBW doses of treatment given.
Moreover, degree of parasite on day 2-6 (compared to Day 1)
were significantly suppressed [day 2 F (1,4)=10.50, p=0.032,
r=0.85; day 3 F (1,4)=21.35, p=0.010, r=0.92; day 4 F
(1,4)=29.13, p=0.006, r=0.94; day 5 F (1,4)=27.93, p=0.006,
r=0.94; and day 6 F (1,4)=43.25, p=0.003, r=0.96 respectively]
when 2600 µg/kgBW doses of treatment given.

Figure 2. Degree of parasite (%) (A) and weight of spleen (B) of mice infected by P. berghei (control) and infected mice treated by metabolite
extract of S. hygroscopicus. (A) Graph showed interaction between days of treatment and treatment groups. Points on lines showed mean of
parasite degree (%) and error bars showed standard deviation. (B) Bar graph showed spleen weight of mice (n=5). Weight of spleen from infected
mice and treated mice were compared to normal/healthy mice. Star (*) sign showed significant difference compared to normal mice.

Groups of treatment also had different effect on degree of
parasite depending on days of treatment (F (15,60)=10.47,
p<0.001). To explain this interaction, contrasts were performed
comparing two consecutive days of treatment and all groups of
treatment to their baseline (control). Based on the interaction
graph (Figure 2A), doses of 130 and 2600 µg/kgBW could
significantly suppress the degree of parasite [F (1,4)=11.82,
p=0.026, r=0.86 and F (1,4)=10.49, p=0.032, r=0.85
respectively] than control on day 2 of treatment (compared to
day 1) in contrast to 580 µg/kg BW doses of treatment [F
(1,4)=7.23, p=0.055, r=0.80]. Doses of 130 and 580 µg/kg BW
could significantly suppress the degree of parasite [F
(1,4)=11.64, p=0.027, r=0.86 and F (1,4)=14.26, p=0.020,
r=0.88 respectively] than control on day 3 of treatment
(compared to day 2), inverse to 2600 µg/kg BW doses of

treatment [F (1,4)=7.44, p=0.053, r=0.81]. All doses could
significantly suppress the degree of parasite [130 µg/kg BW F
(1,4)=9.95, p=0.034, r=0.84; 580 µg/kgBW F (1,4)=16.52,
p=0.015, r=0.90; and 2600 µg/kg BW F(1,4)=58.61, p=0.002,
r=0.97] than control on day 4 of treatment (compared to day 3).
However, all doses could not significantly suppress the degree
of parasite [130 µg/kg BW F (1,4)=1.64, p=0.270, r=0.54; 580
µg/kg BW F (1,4)=0.15, p=0.720, r=0.19; and 2600 µg/kgBW
F (1,4)=1.06, p=0.361, r=0.46] than control on day 5 of
treatment (compared to day 4). Only 2600 µg/kgBW doses
could significantly suppress the degree of parasite [F
(1,4)=12.53, p=0.024, r=0.87] than control on day 6 of
treatment (compared to day 5).
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Spleen weight and histopathology
Mice spleens were weighted after euthanized. Weight of spleen
was compared between 5 groups (each n=5): normal mice,
infected mice, 130 µg/kgBW, 580 µg/kgBW, and 2600 µg/
kgBW dose group (Figure 2B). There was significant
difference among these groups with p-value= 0.001. From LSD
Post Hoc Test, there was significant increase in spleen weight
of infected mice and treated mice compared to normal mice
(p>0.05). However, there was no significant difference of
spleen weight between infected mice and treated mice
(p>0.05). Among treated group, only the highest dose (2600
µg/kgBW) showed significant decreased of spleen weight
compared to 580 µg/kgBW dose (p=0.009).

Histopathological observation of spleen was done by staining
the slide with hematoxylin-eosin (HE). Spleen histopathology
was observed under a microscope with 100x and 400x
magnification as seen at Figure 3. Normal spleen morphology
on negative control group showed a clear spleen histological
structure, i.e. the red pulp and white pulp which consists of
three parts: periarteriolar lymphoid sheath (PALS), follicular,
and marginal zone. Red pulp consisted of splenic cords and
venous sinuses structure. Penicillar arterial and arteriolar were
also clearly seen. Marginal zone appeared to form a barrier
between the white pulp and red pulp accompanied by
macrophages around them.

Figure 3. Mice’s spleen histopathology stained by Hematoxylin Eosin (HE). There are five groups of mice’s spleen histopathology: normal spleen,
infected-mice’s spleen, 130 μg/kgBW dose, 580 μg/kgBW dose, and 2600 μg/kgBW dose group. Each group was showed with 100x and 400x
magnification. RP: Red Pulp; WP: White Pulp; and MZ: Marginal Zone.

The spleen histopathology of malaria-infected mice (Figure 3)
showed that the spleen zone differences were not apparent
between the red pulp, white pulp, and marginal zone. Marginal
zone seemed to disappear. Red pulp sinusoids appeared
distended and degraded hemozoin was detected

Histopathological observation of spleen in the treatment group
generally gave morphological improvement effect in line with
the increased dose given (Figure 3). The structure of the red
pulp, white pulp, and marginal zone were not apparent in the
130 µg/kgBW treatment group accompanied by red pulp
sinusoid distention and hemozoin deposition. Meanwhile, the
spleen structure (the red pulp, white pulp, and marginal zone)

of 580 µg/kgBW treatment group could be distinguished. 2600
µg/kgBW treatment group had a similar structure compared to
the healthy control group with minimal accumulation of
hemozoin pigment.

Discussion

Thin layer chromatography (TLC)
Thin Layer Chromatography (TLC) 1 showed there were still
fluoresce under UV light and two stains that appear on the
sample fractions after anisaldehide spraying spaced somewhat
close together. Therefore, there was still material that did not
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rise from the spot. Repetition TLC2 and TCL3 with different
eluent were aimed to raise the material. TLC 4 conducted with
same eluent but with different compositions (hexane is more).
TLC 4 was obtained two same stains with a little distance
away. It can be concluded there were approximately 2-3 kind
of compounds from the stain appeared.

Based on the results, TLC1, that had appeared stains with Rf
value of 0.70 in ethyl acetate and hexan eluent as much as 1: 1
in 10 ml, has a very dominant compound in existing stain.
These results are consistent with studies of Ho, 2008, which
did TLC on eponemycin analog compounds (compounds
standard), on 1: 1 eluent with results Rf 0.70. It can be
concluded that the fraction (extract) that is used in this study
contains eponemycin analog compounds (eponemycin and
derivatives) based on the TLC existing results by comparing
with TLC study results using the eponemycin analog standard
above [11,12].

High performance liquid chromatograhy (HPLC)
This study used HPLC analysis with two samples consisted of
sample 1 (BAR), result of S. hygrocopicus extracts that were
stored no longer than 1 week, and sample 2 (ABAR), result of
S. hygrocopicus extracts that have been stored between 2-3
weeks. This sample division aimed to determine whether there
were compound concentrations differences in the eponemycin
extract with short and long storage time. Eponemycin
compound concentration was measured at λ 245 nm. Selection
of wavelenght and type of eluent was based on some literature
that analyzed eponemycin compounds in the extract. Standard
solution used for eponemycin compounds sample measurement
in HPLC is Dyhidroeponemycin standard solution which is
eponemycin analogous compound [12]. Differences in
concentrations above indicated that the compound may
undergo concentration or level changes caused by storage time,
and because of other factors that can affect the concentration of
a compound. The result of this exploration is important in the
utilization of Streptomyces hygroscopicus extract in anti-
malarial drug development in order to calculate the effective
dose of extract that effect on Plasmodium growth.

Anti-plasmodial activity of S. hygroscopicus extract
The P. falciparum genome possesses genes predicted to encode
all 14 subunits of a eukaryote-type 20S proteasome [13]. The
20S proteasome is a cylindrical assembly of 28 individual
proteins arranged as 4 stacked rings, each comprising 7
subunits. The two inner rings consist of seven different β
subunits each, three of which are catalytically active (β1, β2,
and β5). Rings of seven different subunits on each side flank
the two β subunit rings to form a barrel-like structure.
According to their proteolytic mechanism, proteasomes are
classified as N-terminal nucleophilic hydrolases (Ntn-
hydrolases) or threoninepeptidases [14].

As shown on Figure 2A, higher dosage of S. hygroscopicus
extract results on lower degree of parasite particularly for 580
and 2600 µg/BW doses. According to days of treatment,

degree of parasite increases significantly on day 3-day 6. These
results are actually affected by control group which has steady
escalation on degree of parasite. Although all of groups have
increasing tendencies on degree of parasite, there is parasite
growth inhibition affected by extracts treatment. Although
there is a parasite degree’s decreasing tendency observed on
the graph, differences among treatment doses don’t give
significant differences on parasite degree per day. However
while comparing parasite degree on two consecutive days,
treatment dose variant effects will be more apparent. Generally,
all doses can suppress the degree of parasite in the treatment
groups than control. Particularly, 2600 µg/kgBW dose can
suppress degree of parasite on almost all days of treatment and
the only one on the last day of treatment.

The pattern of the antiplasmodial compounds is consistent with
the fact that the proteasome is present throughout the whole
asexual cycle and correlates with the function of the
proteasome, which is a key regulator in housekeeping
functions, such as cell cycle progression, in most eukaryotes.
This is an advantage over most established antimalarial drugs,
which are active against distinct stages intraerythrocytic
development only. Gametocytocidal activity is also rarely
observed among established drugs and is increasingly
considered important, especially for malaria elimination
efforts. In this study, killing of trophozoite stage is similar to
the killing mechanism of the proteasome inhibitor MG132.
This is in accordance with previous findings on the
antimalarial effect of proteasome inhibitors, which describe
parasite growth inhibition prior to DNA synthesis [1,15].

Another proteasome inhibitors that demonstrate activity against
all blood stages, including rings [15,16] and gametocytes
[16,17] as well as hepatic stages [4] had revealed in different
studies. Activity against early and late blood stages is
advantageous because it offers rapid parasite clearance during
infection, which is especially important in severe malaria.
Gametocytocidal activity is particularly important when
elimination of malaria is the goal. Most registered drugs and
drug candidates have low or no activity against gametocytes.
Recent study introduces peptido sulfonyl fluorides (PSF) as a
new class of compounds with antiplasmodial activity. PSF
target the plasmodial proteasome and act on all asexual stages
of the intraerythrocytic cycle and on gametocytes. PSF has a
great potential for further development as preclinical candidate
compounds with improved species-specific activity and less
toxicity [18].

Crude metabolite extracts S. hygroscopicus subsp.
Hygroscopicus that contained eponemycin. Eponemycin and
its analog are one of natural peptide in epoxyketonegroup
which is used in this research. Until date, peptide α’β’-
epoxyketone is known as the most specific and potent natural
from the first generation of proteasome inhibitors [2].
Epoxomicin, one of epoxyketone group, was extensively
studied and known to have antiplasmodial activity on both
asexual and asexual stage of P. falciparum. Epoxomicin also
effectively kill all stages of intraerythrocytic parasites but do
not affect the viability of human and mouse cell lines [19].
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Another epoxyketone group which is epoxomicin analog,
Carfilzomib, can reduce parasite load in P. berghei infected
mice without host toxicity [20]. No study reports eponemycin
or dyhidroeponemycin effect on the growth of plasmodium.
Epoxomicin that have been developed and intensively
characterized might carry a chemically reactive ‘‘warhead’’ at
the C-terminus to deactivate the proteasome (e.g. epoxyketone,
aldehyde, boronic acid) intermittently or even irreversibly.
However, recently reversible high-affinity inhibitors of this
kind have been reported as well [21], which do not undergo a
covalent attachment. Furthermore, by appropriate tailoring of
the chemical structures, subsite-specificity for the CP-SUs b1,
b2, or b5 was achieved [22].

Considering the rapid DNA replication during erythrocytic
trophozoite stage where there is distinct up-regulation in the
expression in the mid/late trophozoite to early schizont stages
coinciding with the active replication window [23].
Transcriptome analysis has also shown that during late
trophozoite to schizont stage transformation, there is up-
regulation of ubiquitin-proteosomal degradation genes signed
its importance pathway in Plasmodium [19]. Although this
study results on inhibition of parasite growth instead of
parasite immediate killing, viability test has revealed that there
is no parasite survive and multiply [5]. This may due to
eponemycin’s irreversible binding.

Eponemycin is one of epoxyketone group which is known as
the most specific and potent proteasome inhibitors. Proteasome
inhibitors can demonstrate activity against all blood stages as
well as hepatic stages that revealed in different studies. This
study reports eponemycin in S. hygroscopicus metabolite
extract inhibits the growth of Plasmodium. Higher dosage of
extract results on lower degree of parasite particularly for 580
and 2600 µg/kg BW doses. Particularly, 2600 µg/BW dose can
suppress degree of parasite on almost all days of treatment and
the only one on the last day of treatment.

Effect of S. hygroscopicus extract on spleen weight
and histologic
Malaria causes disturbance of immune responses with major
changes on spleen architectural. The size of spleen increased,
caused by cells hyperplasia that occurs in the red pulp and
white pulp region. Red pulp widened and became a
hematopoiesis side. Splenic cord and sinus filled by monocytes
and macrophages containing pigment, as well as infected and
normal erythrocytes. Marginal zone transiently disappear
[20,24]. Such changes may affect the strength of the immune
response to malaria. T cells cannot migrate into the B cells
zone so that inhibit its activation, plasma cells are short-lived,
and remain in the spleen which contribute to slow responses of
antibody, and impaire of antibody affinity maturation [25].

In this study, histological examination of the spleen showed
morphological improvement in all S. hygroscopicus treated
groups marked by clear structure of the red pulp, white pulp,
and marginal zone of the spleen. Although this metabolite
extract can improve infected spleen morphology, it is not

affected the weight of infected spleen. All treated group has
significant increase of spleen weight compared to normal mice.
However, the highest dose/2600 µg/kgBW still can
significantly decrease the weight of infected spleen compared
to 580 µg/kgBW dose.
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