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Abstract: Problem statement: Malaria caused by various species of prozoan fiasaBlasmodium.
The exact mechanism of humoral immunity in elimimgPlasmodium is not completely understood.
However, an antimalarial antibody is strongly su$pé to play important role in immunity. The
purpose of this research was to evaluate the immodalator and antiplasmodial activities of
Indonesian propolis extract#pproach: Thirty male BALB/c mice weighing approximately 28-g
aged between 6 and 8 weeks old were used éqopis treatmenin vivo. The mice infected with
0.1 mL of theP. berghei suspension at a concentration of p@rasites per mouse on day 0. The drug
was administered orally for 4 days from day 0-3dases 25, 50 and 100 mg kdBW in the
experimental group. The control group was givendbken in equal volume for the same duration.
This research utilized not only hypersensitivitpeton which measures the humoral immunity by
SRBC-immunized mice but also the activity and cégaaf peritoneum macrophage phagocytosis in
Plasmodium berghei-infected mice. The parasitaemia number was cdkdlaising blood smear
method every day for 4 day after the mice had befttedP. berghei to identify the antiplasmodial
activity. Results: The research results revealed that Propolis Hyeclwbalic Solution (PHS) had a
strong immunomodulatory activity but weak antiplastial activity. Conclusion: It was concluded
that PHS showed more immunostimulant activity thatiplasmodial activity, proved by the increase
of IgG and the macrophage phagocytosis activity eagmhcity. The antiplasmodial activity of PHS
was due to the mice immunity increase so that lived longer.
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INTRODUCTION antibacterial, antifungal, antitumoral, antioxidati
immunomodulatory and other beneficial activities
Propolis (bee glue) is a dark-colored resinousAlthough there is much research about propolis, the
substance collected by bees from poplar buds &t ot data of propolis for antiplasmodial activity whiee
plants and used to seal their hifesMore than 180 mainly related to its immunomodulator effect do not
propolis constituents have been identified by Gasexist. The purpose of this research is to exarttiee
Chromatography-Mass Spectrometry (GC-MS). Thesantiplasmodial and immunomodulator effects of
compounds can be grouped as follows: free aromatindonesian propolis. It is expected that propolasy be
acids; flavonoids; benzyl, methylbutenyl, phenyéth utilized as antimalarial drugs as well as its
cinnamyl and other esters of these acids; chalcands immunomodulator effect. The effect of propolis twe t
dihydrochalcones; terpenoids and others such aasug immune system has also been investigated by some
ketones, alcohofs?. Although in small quantities, authors, who showed its ability to activate
these compounds can be very important to propolisnacrophagé%” and stimulate antibody production by
activity'¥. SRBC-immunized mid8. The exact mechanism of
It has been used in folk medicine since ancienhumoral immunity in eliminating plasmodium is not
times and its now known to be a natural medicinga wi completely understood. However, an antimalarial
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antibody is strongly suspected to play importaté io 100 cells, using a light microscope with the zoom o
immunity. The aim of this study was to evaluate the400x%'¥.
antiplasmodial and immunomodulatory activities of
propolis. Hypersensitivity reaction which measures the
humoral immunity: The PHS (in doses of 25, 50 and
MATERIALSAND METHODS 100 mg k@', body weight) was administered to the
animals (test group) orally for five days and tkehicle
Propolis hydroalcoholic solution: Propolis was was administered to the control animals. Each group
produced by Cibubur honeybees from the apiaryonsisted of five mice. The mice were immunized by
located on Lawang (East Java, Indonesia). A 30%njecting 0 and 5 mL of SRBCs intraperitoneallyp]i.
propolis ethanolic solution was prepared. A wedkrla on the day of the immunization. Blood samples were
this solution was filtered and used to prepare % 10 collected by retro-orbital puncture on the tently dfier
Propolis Hydroalcoholic Solution (PHS). immunization. Antibody levels were determined bg th
hemagglutination techniqi&. The antibody titer was
Animals. Thirty male BALB/c mice weighing determined by a two-fold serial dilution of one wale
approximately 25-30 g aged between 6 and 8 weeks ol100 uL of serum and one volume 1Q6L of 0,1%
were used for propolis treatmeim vivo. The mice SRBCs in BSA in saline was added and the tubes were
infected with 0.1 mL of thé. berghei suspension at a mixed thoroughly. They were allowed to settle aimo
concentration of 10parasites per mouse on day 0. Thetemperature for about 60-90 min until the contrddet
drug was administered orally for 4 days from dey & showed a negative pattern. The value of the highest
doses 25, 50 and 100 mg k@®W in the experimental serum dilution showing visible hemaglutination was
group. The control group was given the solven inakgq taken as the antibody titer.
volume for the same duratifn During the

experimental period, the animals were housed under RESULTS
standard laboratory conditions with ad libitum wate
and balanced food. From the research results shown on Table 1, we can

see that the group of mice PHS-administered in the

No of parasitaemia analysis: The methods of Giemsa dosage of 100 mg K§BW has higher IgG concentration
blood smear was used to count the number of théhan those in the dosage of 25 and 50 mig RYV. With
parasites. The blood in the periphery was takemfro regards to the humoral immune response, the eibanol
the tails of mice and prepared to a sample of &nid  extract of propolis 500ug mousg' increases the
thick smeared blood method with Giemsa coloringe Th antibody production in Sheep Red Blood Cells (SRBC)
number of parasitemia was calculated by determiningmmunized micg?.
the percentage of red blood cells infectedPbyperghei The phagocitosys response includes the
in 5000 red blood celf. phagocytosis activity (the number of active phagaey
100 phagocyt cells) and phagocyt capacity (the mumb
Macrophage of phagocytocyte analysis: The test of Of phagocytized plasmodium in 50 active phagoclysce
non-specific phagocytosys activity was coredc Table 2 shows the PHS effect on the activity and
in vitro, in reference to Leijhet al.*¥ using latex Phagocytosis capacity of the macrophages. The
particles with the diameter of 3 um. The latex jphes  Statistical test show that the treated groups &l@Se 50
were resuspended in PBS to obtain the concentrafion and 100 mg kg of b.wt) are significantly different
2.5x10° mL™%. Peritoneum macrophages, cultured a dayfom the control group.
before, were washed twice in the RPMI medium andl'able 1: Hemagglutination antibody titer of Propdtiydroalcoholic

then added with latex suspension of 200well™ and Solution (PHS)

incubated in a CO 5% incubator, 37°C, for about successive Hemagglutination antibody titer

60 min. After that, the cells were washed with PBS  ethanol extract

to remove the unphagocytosysed particles, drieithén (M9 kg™.p.0) 8 days (meanSD) 15 days (mearit SD)
room temperature and fixated with absolute methanoP> 3951209,05 435815285
Once dried, the cells attached to the cover slipewe giéggg'%* g;ggég'gg*
colored with Giemsa 20%. The percentage of cellg g0l 395162 63 4182213.07

phagocyt!zmg latex part!cles and the number Ofy gz es are mea SD, n = 5 in each group, * p<0.05 when
phagocytized latex particles were countedmf compared with control group
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Table 2: Effect of Propolis Hydroalcoholic SolutiiPHS) treatment to mice on phagocytosis by pegitom macrophages

Propolis hydroalcoholic solution (mg Regpf b.wt) No of macrophages mice®10 Phagocytosis (%)
25 30,27+3,41* 162,0645,47*

50 39,5042,47* 351,50+4,98*
100 45,07+3,54* 440,33+5,89*
Control 25,07+2,33 115,50+4,87

Values are meaa SD, n =5 in each group, *: p<0.05 when comparéd wontrol group

Table 3: Percent parasitemiaRnberghei infected mice after 4 days of treatment from Plisgdydroalcoholic Solution (PHS)

Dose Percentage of parasitemia (me&D) on the following day after treatment
(mg Kg™ of No. of
Treatment b. wt daf) mice tested D1 D2 D3 D4
PHS 25 6 10.541.48 8.331.36 7.7%1.31 6.4¥1.48
50 6 9.8381.33 8.3%1.49 74%1.25 6.821.49
100 6 9.8681.48 6.181.41 518141 4.081.10
Chloroquine 10 6 10.41.29 9.561.28 513146 143151

The activity and phagocytosis capacity of the Macrophages as the trigger in the cellular immune
macrophages increase proportional to be doses. Thsystem play a role in the eradication of plasmodium
activity and phagocytosis capacity of the macropag mainly in the erithrocyt stage. After the macroptsg
at the PHS dose of 100 mgkof b.wt is higher than are activated by gamma interferon (IfNproduced by
those at the dose of 25 and 50 mg-kd b.wt. native T, they change into phagocyte to do the

Table 3 shows that the percentage of parasitemia iphagocytosys, to eliminate the paradifdd. The
P. berghei infected mice after 4 days of treatment from macrophage phagocytosys activities could be aetivat
PHS. The percentage of parasitemia decreasesith the administration of imunostimulant drugs,tno
proportional to the length of observation (D1-D4At  only in the form of vaccine but also certain nakura
the dose of 100 mg Kof b.wt on day the percentage chemical§%. The primary target of most of the
of parasitemia is 4.08+1.10, smaller than thatimmunomodulatory compound is believed to be the
(6.87%1.49)at the dose of 5Mg kg™ of b.wt. Similarly, ~ macrophages which play a key role in the generatfon
it is smaller than the percentage of parasitemizan immune responSé.

(6.41+1.48) at the dose of 25 mg Kgof b.wt. The phagocytosis activity and capacity of propolis
Compared to chloroquine as the standard antiméalarigxtract in the dosage of 100 mg kW day™ is higher
drug, the parasitemia percentagelid31.51on day, than those in the dosage of 50 and 25 mg BW

significantly different from chloroquine. might be caused by the chemical components in the
active fraction stimulating the limphocyt cellsrt@ture
DISCUSSION and self-divide into lymphocyt B and T producing

limfokin (cytocin/interleucine) to keep macrophage

The functional immune response occurs when thective. Not only can the activated macrophage predu
parasites undergo asexual erythrocitic phase. As a8  lisozyme enzym and the complements, but also iserea
the parasites enter the red-blood cells, the adyiloan  their capacity to kill through the phagocytosys qass
be detected using conventional serology method. on the plasmodium. In the control group, the attioif

Recent reports indicate that several types ophagocyt cells was low because the phagocyt calte w
flavonols stimulate human perpheral blood leukocytenot induced.
proliferation. They significantly increase the aitti of Lymph as one of the secondary organs also plays
helper T cells, cytokines, interleukine gjnterferon important role in supporting body defense. By
and macrophages and are thereby useful in the&ansferring lymphatic cells fron®. berghei-immune
treatment of several diseases caused by immunmice to recipients, all parasites were eradicated
dysfunctio®®. The chemical profile of propolis can be relatively fast. Under th®. berghei-infected condition,
characterized by three parameters: total flavong anthe lymph sizes of the mice in negative controlugro
flavonol content, total flavanone and dihydroflasbn were larger than those in normal mice and PHS-
content and total phenolic cont®ft It is thus apparent administered mice. The increase of lymph weighhin
that the immunostimulatory effect produced by th&SP  mice of control negative mice was probably duehi® t
containing flavonoids, may be due to cell medisaad  increase of erythropoietic activity in the lymphurihg
humoral antibody mediated immune response. malarial infection the number of infected erythrimsy
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multiplies 8 times every 48 h and all of them v 3.
destroyed when the schizonts breaks out. The Ibst o
these numerous erytrocytes triggers the bone mawow
produce new oné§.

As the mice were infected bf. berghei, the 4.
parasitaemia increase (Table 3) since the body imemu
response was not quite perfect and the parasites we
still phagocytosized slowly mainly in lymph. A loff
infected erythrocytes were found in lymph and
phagocytosis by macrofage. The phagocytosis on 1gGs5.
sensitized cells and C3b-attached cells by the hatip
macrofages of infected mice was higher than that of
normal mice.Plasmodium berghei is a synchronized
parasite target erythrocytes infected by young s g,
might not cause the change of erythrocyte membrane
surface. Lymph macrofages activated by malarial
infection may phagocytosize those. The factor
increasing infected-erythrocytes  phagocytosis is
macrofage activation. Free parasites and full-grown
erythrocytes are targets of phagocytosis becausg th
express surface antigens against s&furThe Table 3
reveals that PHS administered showed weaker’
antiplasmodial activity than chloroquine dose. @r t
other hand, Dantaet al.?? investigated that effects of
Bulgarian propolis (25 and 50 mg Rp in the
experimental model ofTrypanosoma cruz-infected
Swiss mice, verifying that this bee product ledato
decrease in parasitemia and showed no hepatimal re
toxic effect?.

CONCLUSION

Propolis Hydroalcoholic Solution (PHS) showed
more immunostimulant activity than antiplasmodial
activity, proved by the increase of IgG and the9.
macrofage phagocytosis activity and capacity in the
dosages of 25, 50 and 100 mg 'kgBW. The

antiplasmodial activity of PHS was due to the mice1q.

immunity increase so that they lived longer.
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