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ABSTRACT

Objective: Anemia in acute malaria occurs because there is massive lysis of erythrocytes as a result of an increase in parasitemia or use of drugs that
may induce hemolysis. In this research, it was tested the effect of administration of a combination of sambiloto (Andrographis paniculata Nees) extract
and spirulina (Arthrospira platensis Gomont). This combination is aimed to obtain antiparasite activity of sambiloto and increasing of hemoglobin
(Hb) from spirulina.

Methods: This research was conducted with a completely randomized design using 75 mice of Swiss Webster strain. Test groups were consisted of AP,
AP+ES, AP+PS, carboxymethyl cellulose, and dihydroartemisinin-piperaquine. All mice were infected with Plasmodium berghei on the day 0. The test
material extracts were given 3 days before infection (H-3) and every day for 28 days after infection. Parasitemia data were taken on day 3, 7, 10, 15,
21, and 28, while the data for erythrocyte count and Hb level were taken on day 3, 10, and 21. Data processing was conducted using one-way ANOVA,
followed by post hoc test.

Results: This study showed that combination of sambiloto extract and spirulina powder (AP+PS) gave a significant difference result in suppressing
the percentage of parasitemia (p=0.02), increasing the erythrocyte count (p=0.03), and Hb level (p=0.01) at the 15% day, compared to the group given
only sambiloto (AP).

Conclusion: Combination of spirulina powder and sambiloto extract will decrease parasitemia and increase the number of erythrocyte and Hb in

mice that infected by P. berghei.
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INTRODUCTION

Malarial management is still a priority in the national level of public
health infectious disease control. This is due to the wide endemicity of
malaria in some regions, especially in the tropical countries. According
to the National Report of Basic Health Research 2013, 5 provinces
with the highest incidence and prevalence are all located in the East of
Indonesia. From 33 provinces in Indonesia, 15 provinces have higher
malarial prevalence, above the average national score [1].

It has been showed that, in some endemic areas, the local community
may use natural remedies to cure malaria. The proportion of typical
Indonesian households employing traditional health service is about
30.4%. From the 30.4% employing this service, 49% uses herbal
remedies. This indicates that drugs from natural sources, particularly
herbal plants, have their roles in the implementation of community
health practices [1-4].

Some herbal plants are reported to show antiplasmodium activity, one
of which is sambiloto (Andrographis paniculata L.) [5,6]. Administration
of sambiloto herbal extract to Balb C mice led to the increase of
survival and general conditions of the mice during infection but did
not result in the increase of erythrocyte count during the process of
infection of Plasmodium berghei Anka [7]. Use of micronutrients with
antioxidant activity in drug therapy on antimalarial mice gives better
result [8]. C-phycocyanin from Spirulina platensis gives protection
against oxidative damage to DNA plasmid protein and erythrocyte
membrane. Administration of spirulina powder in a dosage of 250

and 500 mg/kg body weight for 14 days to white mice induced with
cyclophosphamide can prevent decrease in hemoglobin (Hb) level and
erythrocyte and leukocyte counts [9].

In this research, it is expected that administration of a combination of
sambiloto dan spirulina can lower parasitemia, increase survival, and
increase erythrocyte count and Hb level in mice infected with P. berghei.

METHODS

The plant of Sambiloto was identified by Herbarium Bogoriense, Pusat
Penelitian Biologi-LIPI Bogor as A. paniculata (Burm.f.) Nees, familia
Acanthaceae. Spirulina algae were identified by Pusat Penelitian
Limnologi LIPI Bogor as S. platensis.

This research has gained Ethical Clearance from the Ethical Commission
for Health Research, Faculty of Medicine, University of Indonesia
No. 161/UN2.F1/ETIK/2015, on March 3, 2015. Sambiloto in the form
of powder was obtained from the Research Institute for Spices and
Medicinal Plants (Balittro, Bogor). A. paniculata (Burm.f.) Nees extract
was prepared by maceration with 70% ethanol, and then, concentrated
and dried. Spirulina used in this research is in powder form produced
by PT. Trans Pangan Spirulindo cultivated in Teluk Awur, Jepara, Central
Java, no cat. SB01/2014. The Arthrospira platensis extract was prepared
by maceration with 80% ethanol at 60°C [10].

After extraction process was carried out, then we did phytochemistry
test to define the substance in each sample. The result was showed in
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Table 1: Phytochemistry of sambiloto extract and spirulina
extract and powder

Substance Sambiloto Spirulina Spirulina powder
extract extract
Alkaloid - - -
Flavonoid + + +
Tannin - - -
Steroid + - +
Saponin + + +
Hydroquinone - - -
Triterpenoid - + -

Table 2: Active ingredients content of sambiloto extract and
spirulina extract and powder

Test Active Content Test method
sample ingredient

Sambiloto  Andrographolide  8.30% w/w  HPLC

extract

Spirulina Flavonoid 0.64% w/w  Spectrophotometry
extract

Spirulina Flavonoid 0.10% w/w  Spectrophotometry
powder

HPLC: High-performance liquid chromatography

Table 1. We also identified active ingredient of the sample using HPLC
and spectrophotometry methods. The result was showed in Table 2.

Mice used are of Swiss Webster strain, 24-28 g, 8-10 weeks old, male. The
mice were given anthelmintic since they were 6-week-old. Afterward,
the mice were grouped and quarantined for at least 7 days. The mice
were kept in fiberglass cages with stainless steel lids and fed with pellet
and sufficient water. The cages were 425 mm x 2260 mm x 185 mm size
and made of polycarbonate. The animals were placed in the cages in a
room with good lighting and air circulation at room temperature with
26-27% humidity.

The animals were divided into five groups: AP (the mice were infected
with P, berghei and accepted sambiloto extract), AP+ES (the mice were
infected with P. berghei and accepted combination of sambiloto and
spirulina extracts), AP+PS (the mice were infected with P. berghei and
accepted combination of sambiloto extract and spirulina powder),
dihydroartemisinin-piperaquine (DHP) (the mice were infected with
P. berghei and accepted DHP), and control group (the mice were infected
with P. berghei and accepted carboxymethyl cellulose).

This experiment used 2 treatments series. In the first series of
treatment, the mice were divided into 5 groups with 6 mice for each
group and used to obtain the parasitemia and survival data. The test
materials were given 3 days before induction to the day of induction
(D-3 to DO). The mice were infected with P. berghei on DO. Blood smear
was prepared to determine the parasitemia on day 3, 10, 15, 21, and 28;
mice survival rate was observed during the period of infection. In the
second series of treatment, the mice were divided into 5 groups with 3
mice for each group and used to obtain the erythrocyte count and Hb
level at 3 points of time (D3, 10, 21).

P. berghei was given to 5 donor mice, 0.1 ml parasite stock suspension
each, intraperitoneally (i.p). The mice were sacrificed, the blood
was taken, diluted, and infected to experimental animals 0.1 ml
intraperitoneally such that the animals accepted 1.3 x 10° parasite-
infected erythrocytes per milliliter [11].

The dosage of sambiloto extract was 200 mg/kg body weight, the
dosage that has provided inhibition to the activity of P berghei in mice
and is a sub-chronically safe dosage [12,13]. The dosage of spirulina
powder used was 130 mg/kg body weight as determined by the 28-day
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sub-chronic toxicity test on mice, where 130 mg/kg body weight was a
safe dose, while the dosage of spirulina extract used was the dosage of
spirulina powder multiplied by the percent yield of the ethanol extract.
DHP tablet was given 195 mg/kg body weight (containing 15.5 mg
dihydroartemisinin and 124 mg piperaquine) administered per oral to
the mice using feeding tube, for 4 consecutive days [14]. Combination
of extracts was given per oral using feeding tube 3 days before the
infection (D-3), the animals were then infected with P. berghei (D0) and
were given the extracts again until the last day of experiment.

In the second series, the test materials were given 3 days before the
induction until the day of induction. The mice were infected with P berghei
on DO. The test materials administration was continued until D21. Blood
sampling for hematology determination was conducted by sacrificing
3 mice in every group on D3, 10, and 21. The mice were anesthetized
intraperitoneally with ketamine 75-100 mg/kg and xylazine 10 mg/kg,
using 23-26 G x 13-25 m syringe and needle, and then, the blood from vena
orbitalis was taken 0.5 ml and added with ethylenediaminetetraacetic
acid (EDTA) as anticoagulant, for hematology analysis [15].

A thin blood smear was prepared. After the smear dried, it was then
fixed with methanol and dyed with 10% Giemsa solution. Parasitemia
was counted using a microscope with x100 magnification and addition
of immersion oil. Parasitemia indicates the parasite-infected red blood
cell (iRBC) density in every 1000 RBCs. The formulation to calculate
the percentage of RBCs infected with malarial parasite in the thin blood
smear is as follows:

Parasitemia = (¥ parasite-infected erythrocyte/X total erythrocyte) x
100%

Hematology analysis was conducted to 1.0 ml blood added with 45 pl
10% EDTA using a hematology analyzer, in which the main parameters
analyzed were total erythrocyte count and Hb level. The data for
parasitemia, survival, erythrocyte count, and Hb level were analyzed
using one-way ANOVA test, followed by a least significant difference
(LSD) test.

RESULTS

Phytochemistry analysis of sambiloto extract and spirulina extract and
powder were conducted by color visualization method. Spirulina extract
and powder each contains flavonoid and so does sambiloto extract.

Flavonoid determination in spirulina powder and extract using
spectrophotometer demonstrated that flavonoid in the spirulina extract
was higher than in the powder form. However, the spirulina powder
used in this research is 5 times weight of that of spirulina extract, and
this means that every experimental animal was given spirulina extract
or powder with approximately the same flavonoid content.

All groups of treatments demonstrated significant parasitemia
difference compared to CMC. Combination of sambiloto and spirulina
is able to accelerate parasite elimination than sambiloto alone. The
combination of sambiloto and spirulina extract (AP+ES) did not show
significance (p=0.06) to sambiloto (AP) alone.

In the DHP group, on D3, the erythrocyte count decreased significantly
compared to AP group (p=0.01) and AP+ES group (p=0.015). On D10,
there was a decrease in the erythrocyte count and Hb level, especially in
the CMC and AP groups. On D21 after infection, all groups of treatments
had been able to restore the erythrocyte count to the normal level.

DISCUSSION

Some herbal plants are reported to show antiplasmodium activity,
and sambiloto (A. paniculata (Burm.f.) Nees) is one of these herbals.
Sambiloto extract has antimalarial falciparum effect in vitro, and this
effect reaches the maximum level when the dosage is 200 pg/ml. The
antimalarial effect of sambiloto extract may be used in monotherapy or
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in combination with chloroquine and artemisinin [6]. A clinical study
showed that the antimalarial efficacy of sambiloto 250 mg, sambiloto
500 mg, and the combination of sambiloto 250 mg with chloroquine
and sambiloto 250 mg with artesunate are 90.0; 90.5; 90.2; and 95.2%
(p>0.3), respectively [3]. Administration of sambiloto herbal extract to
Balb C mice resulted in an increase in survival and general conditions of
the mice during infection but did not have any effect in the increase of
erythrocyte count during the process of infection of P. berghei Anka [7].

Use of micronutrient with antioxidant activity in drug therapy on
antimalarial mice gives better result [8]. Antioxidants work by
neutralizing free radicals produced by the parasites and the immune
system, inhibiting the peroxidation of lipid membrane, thereby
preventing the iRBC from lysis. Antioxidants, therefore, may lower the
risk of anemia in malaria [16]. C-phycocyanin of S. platensis provides
protection against the oxidative damage to the DNA plasmid protein
and erythrocyte membrane. Administration of spirulina powder in a
dosage of 250 and 500 mg/kg body weight for 14 days to white mice
induced with cyclophosphamide can prevent a decrease in Hb level and
erythrocyte and leukocyte counts [9].

The test groups consisted of AP (sambiloto extract), AP+ES (combination
of sambiloto and spirulina extract), AP+PS (combination of sambiloto
and spirulina powder), control (CMC), and DHP. All mice were infected
with P. berghei on day 0. The extracts of the test materials were given
3 days before infection (H-3), and then, every day with 24 hrs interval,
for 28 days after infection. The data for parasitemia (Fig. 1), erythrocyte
count (Fig. 2), and Hb level (Fig. 3) of spleen cells were obtained on D3,
D10, and D21, respectively. Data processing was conducted using one-
way ANOVA, followed by LSD test.

Dosage calculation was based on the sub-chronically safe dosage on mice,
which simultaneously provides the antimalarial effect. In this research,
the administration of sambiloto extract was conducted for 28 days on the
consideration that if sambiloto extract was given for only 4 days (D0-D3),
like in the conventional antimalarial administration, the parasite would
increase again after the termination of sambiloto extract administration.
This is due to the remaining parasites alive will be able to divide again.
In the meantime, the active ingredients would have been excreted out
of the body. Sambiloto extract 231.48 mg/kg body weight provides 70%
inhibition to the P. berghei growth on the 4-day suppressive test of blood
schizontocidal action [12]. Use of sambiloto extract up to 300 mg/kg
body weight is safe for 28 days of administration [13].

In this research, it was used sambiloto extract dosage of 200 mg/kg
body weight or 5 mg/25 g body weight. As for spirulina powder, the
dosage was determined based on the research of Murtini et al., who
reported that spirulina powder consumption of 1 g/70 kg human body
weight or 130 mg/kg mouse body weight for 28 days does not result in
microscopic organ abnormalities. In this case, the dosage for spirulina
extract was determined based on the yield of spirulina ethanol extract,
i.e, 20% of the spirulina powder weight [14].

Dosage selection in this research was determined after previously
conducting dosage optimization (Fig. 4). Sambiloto dosage of 462 and
925 mg/kg body weight until D4 can provide 89.84 and 72.75% parasite
inhibition, respectively [12]. Despite this, those dosages are not suitable
for along-term administration because some animals in every group did
not survive until the end of the research period. This is probably because
the sambiloto extract contains saponin in which the increase in saponin
concentration in line with the increase in the dosage of sambiloto
extract may cause hemolysis. Saponin induces hemolysis by increasing
the water transport in the aquaporin canal [17]. The lysed of infected
erythrocytes can increase the distribution of parasite which will result
in the increase in the degree of parasitemia [16]. Bukoye and Musbau
also demonstrated that sambiloto extract administration of 1000 mg/kg
body weight every day caused death of normal mice on D32. Hematology
analysis showed an increase in erythrocyte count, decrease in Hb level,
and increase in erythrocyte sedimentation rate [18].
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Group AP, AP+ES, AP+PS, and DHP showed 100% survival, which means
that all experimental animals in the four groups are all alive until the
end of the period of research. The antimalarial mechanism of a herbal
medicine is suggested through the inhibition of parasite growth or by
indirectly kill the parasites [19]. In the CMC group, death was found
gradually from the D7 to D20 after infection. On D21, experimental
animals in the CMC group were all dead.

On D3, there is a significant difference (p=0.02) on the percentage
of parasitemia between all groups of treatments and the DHP group.
This indicates that DHP has already showed schizontocidal effect.
Day 10 parasitemia data analyzed with Kruskal-Wallis test showed a
significant difference (p=0.00), which means that there is a significant
difference among the groups. A significant difference of parasitemia
percentage occurs among all groups of treatments and between the
DHP and the CMC groups. Significance (p=0.032) also occurs to the
groups of AP (sambiloto) and AP+PS (combination of sambiloto and
spirulina powder). These data indicate that combination of spirulina
and sambiloto is able to accelerate parasite elimination compared to
sambiloto alone, whereas the combination of sambiloto and spirulina
extract (AP+ES) did not show significance (p=0.06) to sambiloto
(AP). Different results demonstrated by spirulina extract and powder
probably related to the water-soluble compounds with antiparasite
activity present in spirulina powder but not in the extract.

C-phycocyanin in A. platensis is a naturally occurring or primary
antioxidant belongs to the group of flavonoid and water soluble.
Chemical structure of c-phycocyanin can stabilize peroxide radicals
by adding one hydrogen atom to the radicals. The capability to inhibit
hydroxyl radicals depends on the phycocyanin concentration [9].

The percentage of parasitemia in CMC group increased steadily up to
>80% that it caused death to all animals in this group on D20. Tripathy
et al., in their study, showed that there was an increase in nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase enzyme and
nitrogen oxide (NO) in the serum of the experimental mice during
the first 10 days of infection. NADPH oxidase provides electron from
NADPH in the internal cytoplasm membrane to extracellular to produce
superoxide radicals (0,7). NO reacts with O, to produce peroxynitrite
that can interact with various biological molecules and has destructive
power [15].

On D15 after infection, parasitemia dropped (Fig. 1). All groups
receiving herbal treatments showed parasitemia approaching 0%.
On D21 after infection, all groups of treatments, excluding CMC, had
been able to eliminate parasites (0% parasitemia). This indicates
that all groups of herbal treatments have shown recovery from
infection. Parasite elimination on D15 is considered as a result of
andrographolide action in inhibiting the distribution of parasites in the
ring phase, which is probably related to its function as a “transcription
blocker,” i.e., inhibit the synthesis of protein and nucleic acid [18]. In
general, the antimalarial mechanism of a herbal medicine is through the
inhibition of parasites growth or by indirectly kill the parasites. As cited
in Percario et al., 2012, “unlike the typical mechanism of antimalarial
drugs, which is through the induction of oxidative stress, antimalarial
substances from natural sources act by modulating the immune system
which will kill the parasites indirectly” [19]. Therefore, the antiparasite
ingredients of herbal medicines act by minimizing the change in the
host’s redox equilibrium.

In the DHP group, on D3, the erythrocyte count decreased significantly
compared to AP group (p=0.01) and AP+ES group (p=0.015) (Fig. 2).
This is as a result of piperaquine content of DHP, which is a chloroquine
derivative. Chloroquine has a function of preventing hemozoin to be
produced and causing free heme accumulation. Free heme is free radical
generator which may cause serious damage to the host and parasites.
This group of heme contains Fe?* atom which catalyzes Fenton and
Haber-Weiss reaction releasing free radicals [19]. Free radicals cause
lipid peroxidation in the membrane of the RBCs and shorten the age of
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Fig. 1: Percentage of parasitemia. Group: AP=Sambiloto
200 mg/kg body weight; AP+ES=Sambiloto 200 mg/kg
body weight+spirulina extract 26 mg/kg body weight;

AP+PS=Sambiloto 200 mg/kg body weight+spirulina powder
130 mg/kg body weight; DHP=Dihydroartemisinin-piperaquine
(dihydroartemisinin 15.6 mg; piperaquine 124.5 mg/kg body
weight); CMC=Carboxymethyl cellulose 0.5%
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Fig. 2: Erythrocyte count (x106/ml) Group: AP=Sambiloto
200 mg/kg body weight; AP+ES=Sambiloto 200 mg/kg
body weight+spirulina extract 26 mg/kg body weight;

AP+PS=Sambiloto 200 mg/kg body weight+spirulina
powder 130 mg/kg body weight; DHP=Dihydroartemisinin-
piperaquine (dihydroartemisinin 15.6 mg; piperaquine 124.5
mg/kg body weight); CMC=Carboxymethyl cellulose 0.5%.
Different letter for the same day showed significant difference.
H3 : DHP:AP = (p=0.01), d: (0.015); DHP:AP+ES = (p=0.015)

the erythrocytes by creating oxidative damage in the membrane of the
cells resulting in hemolysis [20].

On D10, there was a decrease in the erythrocyte count and Hb level
(Fig. 3), especially in the CMC and AP groups. Proteolytic activity of Hb
in intraerythrocytes, where Fe?* is oxidized into Fe®*, increased during
the first 10 days of infection. The electron released reacts with oxygen
molecule producing superoxide radicals [15]. The superoxide radicals
and other oxidizing agents form methemoglobin that cannot transport
oxygen [20]. This explains why there is no significant decrease in
erythrocyte count and Hb level in the group of sambiloto combined with
spirulina powder (AP+PS). C-phycocyanin, which is a water-soluble
pigment of S. platensis, provides protection against oxidative damage
to DNA plasmid protein and erythrocyte membrane. Administration of
spirulina powder in a dosage of 250 and 500 mg/kg body weight for
14 days to white mice induced with cyclophosphamide can prevent
a decrease in Hb level and erythrocyte and leukocyte counts. Seven
spirulina water extract administration in the dosage of 100 mg/kg
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Fig. 3: Hemoglobin level (g/dl). Group: AP=Sambiloto
200 mg/kg body weight; AP+ES=Sambiloto 200 mg/kg
body weight+spirulina extract 26 mg/kg body weight;
AP+PS=Sambiloto 200 mg/kg body weight+spirulina powder
130 mg/kg body weight; DHP=Dihydroartemisinin-piperaquine
(dihydroartemisinin 15.6 mg; piperaquine 124.5 mg/kg body
weight); CMC=Carboxymethyl cellulose 0.5%. Different letter for
the same day showed significant difference.
H10 : AP:AP+ES = (p=0.264)
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Fig. 4: Survival of experimental animals during
the period of research. Group: AP=Sambiloto
200 mg/kg body weight; AP+ES=Sambiloto 200 mg/kg
body weight+spirulina extract 26 mg/kg body weight;
AP+PS=Sambiloto 200 mg/kg body weight+spirulina powder
130 mg/kg body weight; DHP=Dihydroartemisinin-piperaquine
(dihydroartemisinin 15.6 mg; piperaquine 124.5 mg/kg body
weight); CMC=Carboxymethyl cellulose 0.5%

body weight to normal mice, every day for 14 days, can increase RBC,
Hb, and packed cell volume significantly compared to normal control.
C-phycocyanin activity in spirulina influences the hematology profile in
which c-phycocyanin stimulates erythropoietin production to induce
hematopoiesis [21].

P berghei infection increases the lipid peroxidation concentration
in erythrocyte in the first 10 days of infection. This will make the
erythrocytes to be easily damaged or experiencing hemolysis [15].
Hemolysis can also occur because of erythrocytes destruction, both
infected and uninfected by the spleen reticuloendothelial system.
Deformity of erythrocytes into a rigid form will result in the incapability
of the erythrocytes to go through the spleen sinusoid, the erythrocytes
willnolongerable to escape and will be phagocytized by the macrophage.
The reduction in deformability of erythrocytes is due to the failure in
Na*/K* pump that will create intracellular Na* ion accumulation. The
failure of the Na*/K* pump is believed to be the result of the increase
in NO concentration triggered by cytokine. Dyserythropoiesis is also
possible due to the role of tumor necrosis factor, interferon-y, and
interleukin in disturbing the production of erythrocytes [20].
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There is a significant difference between the results of AP and AP+ES
concerning the erythrocyte count and Hb level on D10. The erythrocyte
count in the AP and AP+ES groups is significantly different (p=0.041),
but the Hb level between the two groups is not significantly different
(p=0.264). There should be a correspondence between the erythrocyte
count and Hb level in every group. As a reference, in this research, the
erythrocyte count in normal mice was 8 x 10°/ml, whereas the Hb
level of normal mice was 12 g/dl. The low level of Hb in AP+ES group
is probably due to the erythrocytes in the AP+ES group contain Heinz
body so that the erythrocyte count does not correspond to the Hb level.
Oxidized Hb is marked by the presence of methemoglobin and/or Heinz
body. Some of the SH-groups of Hb are oxidized such that it will result in
protein sedimentation in the internal of the RBCs, which subsequently
will form the Heinz body. The presence of Heinz body indicates that the
RBCs have already undergone oxidative stress [21].

On D21 after infection, all groups of treatments, excluding CMC, had
been able to restore the erythrocyte count to the normal level. The
increases in erythrocyte count and glutathione (GSH) level were
observed in the sub-chronic administration of sambiloto extract. GSH is
reported to prevent RBC from free radicals, it can, therefore, maintain
the integrity of the RBC membrane [13]. In the CMC group, however,
hemolysis occurred because there was little antioxidant availability.
The endogen antioxidants, such as superoxide dismutase (SOD) and
GSH, had already been oxidized. The increase in malondialdehyde,
which is considered as an oxidative stress marker, corresponds to the
decrease in the SOD and GSH levels [22].

CONCLUSION

Sambiloto extract contains saponin, flavonoid, and terpenoid, with
andrographolide content of 8.30% w/w. Spirulina extract and powder
contain saponin, steroid, and flavonoid, with respective flavonoid
content of 0.64% w/w and 0.10% w/w, calculated as quercetin.
Combination of sambiloto extract and spirulina powder (AP+PS)
gave a significantly different result in suppressing the percentage of
parasitemia (p=0.02), increasing the erythrocyte count (p=0.03), and
Hb level (p=0.01) at the 15" day, compared to the group given sambiloto
(AP) only.
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