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Abstract

The activities of-hexane, dichloromethane and methanol extracts from five anti-diarrheic Thai medicinaljptaicia,catechFabaceae)
resin, Amaranthus spinosu@maranthaceae) whole plarBrucea javanica(Simaroubaceae) seeBjper longum(Piperaceae) fruit and
Quercus infectorigFagaceae) nut gall were tested against the in vitro growth of fresh isolates of the intestinal protozoan Plastsitgystis
hominis The extracts at concentrations that ranged from 62.5 to 2000L, were incubated with several isolatesBdastocystis hominis
for 48 h. The activities were classified as killed, inhibited, moderately inhibited and not-inhibited. Dichloromethane and methanol extracts
from theBrucea javanicaseed and a methanol extract fr@puercus infectorianut gall showed the highest activity. At a concentration of
2000ug/mL, the three extracts killed 82, 75 and 67% of Blastocystis hominisamples tested and inhibited 94, 100 and 76% of them,
respectively. Metronidazole, used as a reference antiprotozoan drug, at a concentratipg/ofildCkilled 97% of theBlastocystis hominis
isolates and inhibited all samples tested at concentrations that ranged from 1.35gton20
© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction diarrhea in immunocompromised hosErifes et al., 1997;
Gassama et al., 20DIThe most likely mode of transmission
Blastocystis hominis the most common protozoan par- for this organism is drinking water via the faecal—oral
asite detected in the human intestig@gnzel and Boreham, route (Taamasri et al., 20QGand in some areas, it may be
1996. In some areas of the world and in particular Thai- considered to be a zoonosG4ravelli and Scaglione, 1989
land, the prevalence can be as high as 40% or even higher, The most commonly recommended drug for treatment of
especially when several techniques of identification are usedBlastocystis hominiagnd other pathogenic intestinal protozoa
(Saksirisampant et al., 2003; Taamasri et al., 2002; Zamanis metronidazole. This drug can cause undesirable side effects
and Khan, 1994 and failures in treatment are frequently reportddhhson,
The role ofBlastocystis hominigs a human pathogen 1993; Lemee et al., 2000; Llibre et al., 1989; Tracy and
is still controversial. In general, this parasite is believed Webster, 1996; Voolmann and Boreham, 1p9dis is why
to be not harmful. However, several researchers havethere is a need to develop a safe and effective alternative an-
reported thaBlastocystis hominisan cause severe intestinal tiprotozoal agent.
complications Ricci et al.,, 1984; Sheehan et al., 1986; The use of medicinal plants by people in developing
Sinniah and Rajeswari, 1994t was claimed to cause countries is popular because these products are safe, widely
available at low cost and easy to access. In the present study,
* Corresponding author. Tel.: +66 7444 6661; fax: +66 7444 6661. extracts fromAcacia catechyL.f.) Willd. (Fabaceae) resin
E-mail addressnongyao.s@psu.ac.th (N. Sawangjaroen). (Acr), Amaranthus spinosug. (Amaranthaceae) whole
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plant (Asw), Brucea javanica(L.) Merr. (Simaroubaceae) 2.4. In vitro test for determining the effect of plant
seed (Bjs),Piper longumL. (Piperaceae) fruit (PIf) and extracts and metronidazole against Blastocystis hominis
Quercus infectori@liv. (Fagaceae) nut gall (Qin) were eval-
uated for their effect on the in vitro growth &lastocystis The plant extracts were used at concentrations of
hominisbecause these products are routinely prescribed as62.5-200Q.g/mL throughout the experiments. Metronida-
anti-diarrheal drugs in Thai traditional medicine. Although zole, a standard drug, at concentrations between 1.25 and
the in vitro assays may in some cases not be related to direcdOpg/mL and PBS pH 7.4, with added DMSO were used
in vivo activities Ghoshal et al., 1996it is still an important as negative and positive control, respectively. Briefly, a test
approach to activity screening which may provide a firm tube containing 3 mL egg slant and 5 mL of plant extract or
basis for improving basic community health care to the metronidazole, at the required concentration, in PBS pH 7.4,
population. supplement with 10% Calf bovine donor serum was mixed
with Blastocystis hominit give 1@ cells/mL. Each sample
was tested in duplicate. The number®8tdstocystis hominis

2. Materials and methods cells from each tube were counted twice, using a haemo-
cytometer after 48 h incubation at 3. It was compared
2.1. Isolation and cultivation of Blastocystis hominis against the control and the growth from each tube was re-
ported as inhibited, moderately inhibited and not-inhibited,
The cultures oBlastocystis hominisised in this experi- ~ according to the system @ferdt et al. (1983)A drop of sed-

ment were isolated from patients’ faecal specimens obtainediment from any tube with no parasite found was transferred
at Songkhlanajarind hospital, Songkhla, Thailand. Faecesinto fresh medium and reported as killed when no organisms
identified asBlastocystis hominipositive were cultured in ~ were found after a further 48 h incubation.
Boeck & Drbohlav medium with some modification, as de- -~
scribed elsewhereSawangjaroen et al., 1993Calf bovine 2:5. Statistical methods used
donor serum (10%) was used instead of horse serum. The The percentage of samples showing inhibition (cell count
CL_JItures_were m_cubated at 3(2. Blastocystis hominialong reduced by >50 fold) and the percentage of samples showing
with their associated bacteria were sub-cultured every 48 h. o growth (killed) obtained after treatmentwith plant extracts
and metronidazole were transformed into probit values. The
2.2. Plant materials concentrationi{g/mL) of active extracts and metronidazole
requiredtokill all cells presentin 50% of cases @dgand the

Acr, Bjs, PIf and Qin were purchased from the medicinal €ffective concentration required to produce an “inhibition” in
plant store while Asw was collected from the area around 50% of theBlastocystis hominisamples used (Eg) were
Hat Yai, Songkhla, Thailand. Voucher specimens for PIf and calculated from the best straight line determined by regres-
Qin have been deposited at The Prince of Songkla Univer- sion analysis of the plot of the probit value against the log
sity Herbarium, Department of Biology, Faculty of Science, concentrations of the plant extract.
Prince of Songkla University, Hat Yai, Songkhla, Thailand,
under voucher specimen numbers K. SAWANGJAROEN
1 (PSU) and K. SAWANGJAROEN 2 (PSU), respectively.
Voucher specimens for Asw, Acr, and Bjs were kept at the 3.1. Extraction of medicinal plants
herbarium of the Faculty of Pharmaceutical Sciences, Prince
of Songkla University, Thailand, under voucher specimen  The percent yield of each extract from each medicinal
numbers N. SAWANGJAROEN 1, N. SAWANGJAROEN 2  plant is shown inTable 1 A value of <0.5% produced
and N. SAWANGJAROEN 3, respectively.

3. Results

Table 1

Percent yield (w/w) of extracts from ocAcacia catechuresin, Amaran-

thus spinosusvhole plant,Brucea javanicaseed,Piper longumfruit and

Quercus infectorianut gall after successive extractions witkhexane,

The plants (or parts) were washed, cut into small pieces dichloromethane and methanol

and dried in sunlight or in an oven at %0 maximum. The Medicinal plants Percent yield (w/w) when extract with

dried plant material was successively extractedinexane,

dichloromethane and methanol at the ratio of 1 kg dried plants py— — oL v —

per 3L of solvent and supernatants were collected after 7/cacia catechuesin ' :
. Amaranthus spinosus 0.4 4.0 28

days. The procedure was repeated four times. The super-

2.3. Preparation of crude plant extracts

n-Hexane Dichloromethane Methanol

whole plant
natants were pooled and filtered. The solvents were removedsrucea javanicaseed e 16 36
under reduced pressure, at®®a Each residue was then dis-  Piper longuniruit 4.6 4.4 23
solved in dimethyl sulfoxide (DMSO) and stored &until QUGVIT“S infectoriaut 0.2 0.2 501
ga

used.
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Table 2
Activities of extracts fromAcacia catechuesin,Amaranthus spinosushole plantBrucea javanicaseed Piper longuniruit, Quercus infectorianut gall and
metronidazole after incubation with culturesBifistocystis hominifor 48 h

Plants Extraction solvents Concentratiopg/mL) Samples tested Number of samples (%)
K2 | M N
Acacia catechuesin
n-Hexane ND
Dichloromethane 2000 10 0(0) 5(50) 4(40) 1(10)
1000 0(0) 4(40) 5(50) 1(10)
500 0(0) 1(10) 7(70) 2(20)
250 0(0) 0(0) 6(60) 4(40)
125 0(0) 0(0) 5(50) 5(50)
625 0(0) 0(0) 4(40) 6(60)
Methanol 2000 10 0(0) 1(10) 6(60) 3(30)
1000 0(0) 0(0) 4(40) 6(60)
500 0(0) 0(0) 1(10) 9(90)
250 0(0) 0(0) 1(10) 9(90)
125 0(0) 0(0) 0(0) 10(100)
625 0(0) 0(0) 0(0) 10(100)
Amaranthus spinosushole plant
n-Hexane ND
Dichloromethane 2000 10 0(0) 0(0) 10(100) 0(0)
1000 0(0) 0(0) 9(90) 1(10)
500 0(0) 0(0) 6(60) 4(40)
250 0(0) 0(0) 3(30) 7(70)
125 0(0) 0(0) 1(10) 9(90)
625 0(0) 0(0) 0(0) 10(100)
Methanol 2000 10 0(0) 0(0) 7(70) 3(30)
1000 0(0) 0(0) 3(30) 7(70)
500 0(0) 0(0) 2(20) 8(80)
250 0(0) 0(0) 1(10) 9(90)
125 0(0) 0(0) 1(10) 9(90)
625 0(0) 0(0) 0(0) 10(100)
Brucea javanicaseed
n-Hexane 2000 10 0(0) 0(0) 3(30) 7(70)
1000 0(0) 0(0) 0(0) 10(100)
500 0(0) 0(0) 0(0) 10(100)
250 0(0) 0(0) 0(0) 10(100)
125 0(0) 0(0) 0(0) 10(100)
625 0(0) 0(0) 0(0) 10(100)
Dichloromethane 2000 17 14(82) 16(94) 1(6) 0(0)
1000 10(59) 12(71) 5(29) 0(0)
500 7(41) 10(59) 7(41) 0(0)
250 6(35) 7(41) 8(47) 2(12)
125 1(6) 6(35) 3(18) 8(47)
625 0(0) 5(29) 2(12) 10(59)
Methanol 2000 16 12(75) 16(100) 0(0) 0(0)
1000 9(56) 15(94) 1(6) 0(0)
500 3(19) 11(69) 5(31) 0(0)
250 2(13) 6(38) 8(50) 2(13)
125 0(0) 3(19) 7(44) 6(38)
625 0(0) 1(6) 8(50) 7(44)
Piper longumfruit
n-Hexane 2000 16 3(19) 7(44) 8(50) 1(6)
1000 1(6) 4(25) 8(50) 4(25)
500 0(0) 1(6) 6(38) 9(56)
250 0(0) 1(6) 4(25) 11(69)
125 0(0) 0(0) 3(19) 13(81)

625 0(0) 0(0) 0(0) 16(100)
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Table 2 Continued

Plants Extraction solvents Concentratiopg/mL) Samples tested Number of samples (%)
K2 | M N
Dichloromethane ND
Methanol 2000 10 5(50) 6(60) 3(30) 1(10)
1000 0(0) 4(40) 3(30) 3(30)
500 0(0) 2(20) 1(10) 7(70)
250 0(0) 0(0) 2(20) 8(80)
125 0(0) 0(0) 2(20) 8(80)
625 0(0) 0(0) 1(10) 9(90)
Quercus infectoriaut gall
n-Hexane ND
Dichloromethane ND
Methanol 2000 21 14(67) 16(76) 4(19) 1(5)
1000 9(43) 15(71) 5(24) 1(5)
500 4(19) 14(67) 6(29) 1(5)
250 0(0) 13(62) 3(14) 5(24)
125 0(0) 8(38) 7(33) 6(29)
625 0(0) 8(38) 3(14) 10(48)
Metronidazole
40 32 31(97) 32(100) 0(0) 0(0)
20 28(88) 32(100) 0(0) 0(0)
10 17(53) 31(97) 1(3) 0(0)
5 7(22) 17(53) 10(31) 5(16)
25 0(0) 10(31) 15(47) 7(22)
1.25 0(0) 2(6) 13(41) 17(53)

I: inhibited; cell count reduced by more than 50 fdldi; moderately inhibited; cell count reduced by 5-50-fd\tnot-inhibited; cell count reduced by less
than five fold.

a K: killed; no cell was found after subculturing the sediment from tested samples into the fresh medium.

b ND: not done because the yield is not enough to test.

¢ ND: not done because this extract could not dissolve in any solvent.

insufficient material for testing. This was so for dried effective inhibitors. At a concentration of 200@/mL, the
extracts obtained from Acr, Asw and Qin extracted with dichloromethane and methanol extracts were able tBkili-
n-hexane and Qin extracted with dichloromethane. tocystis hominis82 and 75% and inhibited 94 and 100%
of samples tested, respectively. The second most effective
plant extract was Qin. At a concentration of 2G0§YmL, the
methanol extract killed 67% and inhibited 76%®Ri&stocys-
tis hominissamples. The remaining extracts at 2Q@@mL,
all gave 50% or less killing and <60% inhibition. The &C
and KG;g of the dichloromethane extract from Bjs was 249
and 643.g/mL; and the Egp and KG;g of the methanol ex-
tract from Bjs was 248 and 9{4y/mL, respectively.
Metronidazole, at a concentration of g4g/mL, killed
% ofBlastocystis hominisamples. All samples @&lasto-
cystis hominigested in this study were inhibited by metron-
Table 3 idazole at concentrations from 1.25 to2¢/mL. The EGo

Concentration ¢g/mL) of active extracts and metronidazole which killed . a .
50% (KGs0) and effected 50% (Efg) of Blastocystis hominisamples tested and KGsp of metronidazole was 3 an /mL, reSpeCtlvely'

3.2. Effects of plant extracts and metronidazole on
Blastocystis hominis in vitro

The effects of the plant extracts and metronidazole on
Blastocystis hominigsre shown inTable 2 The KG;o and
ECso of active extracts and metronidazole are shown in
Table 3 The inhibitory effects of plant extracts were clearly
dose dependent. Extracts from Bjs appeared to be the mosg7

Plants Extraction solvents ~ ConcentratiopgimL)
KCso ECsp 4 Di )

Brucea javanica Dichloromethane 643 249 - piscussion

seed

Methanol 974 248 To date, the limited data available on the effects of drugs

Piper longumfruit  Methanol 2000 1426 againsBlastocystis hominim vitro was obtained using var-
Q“emusl;”fe"to”a Methanol 1248 171 ious strains of axenic culture®gnn and Boreham, 1991;

nut ga Yang et al., 1996; Zierdt et al., 198F heBlastocystis homi-
Metronidazole 9 3

nis strains used in this study were all isolated from patients
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and cultured with their associated bacteria. The organismsthe organisms, they might be of use in reducing infection
were tested after not more than 1 week of cultivation. The because patients always show no symptoms when only small
condition of these isolates should resemble more closely theirnumbers ofBlastocystis hominiare presentZierdt, 1983;
condition in their normal habitat of the intestine. Zaki et al., 199). Furthermore, the mode of actions of these

This study focused on the effects ofi-hexane, plants used in herbal medicine as anti-diarrheic medicinal
dichloromethane and methanol extracts obtained from cer-plants could result from other pharmacological effects such
tain medicinal plant againdlastocystis hominisn vitro. as a reduction in intestinal motility or from antibacterial
Acr, Bjs, Qin and Asw are routinely used as a traditional activity. Based on this study, extracts of effective plants will
medicine in tropical countries for the treatment of diarrhea be further investigated to identify their active compounds.
while PlIf is widely used for preparing spicy Thai dishes as
well as for treating intestinal disorders.

Results from the present study demonstrate that
dichloromethane and methanol extracts from Bjs are the most
effective against most strains Bfastocystis hominigsed in
this study. Bjs is well known for its antiamoebic activities
(Wright et al., 1988 and antiplasmodial activities(Neill
et al., 1987. Yang et al. (1996hlso reported that a water
extract of Bjs was very effective against one axenic strain of
Blastocystis hominidVe tested a wider range Bfastocystis
hominisisolates and found that different isolates produced References
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distinct karyotypic or isoenzyme patterns of differentisolates Agarwal, A.K., Tripathi, D.M., Sahai, R., Gupta, N., Saxena, R.P., Puri,

as reported by several authoBogeham et al., 1992; Carbajal A., Singh, M., Misra, R.N., Dubey, C.B., Saxena, K.C., 1997. Man-
t al., 1997; Upcroft et al., 1989 agement of giardiasis by a herbal drug “Pippali Rasayana” a clinical

etal, ' P o . . study. Journal of Ethnopharmacology 56, 233-236.

The use of PIf against protozoal infections has been eval- goreham, P.F., Upcroft, J.A., Dunn, L.A., 1992. Protein and DNA evi-

uated by several researcheBhoshal et al. (199&eported dence for two demes dBlastocystis hominigrom humans. Interna-
the potential role of an ethanol extract of PIf on amoebia- tional Journal for Parasitology 22, 49-53. _ _
sis in rats. A similar activity in mice was also reported by Bites, C., Barberino, M.G., Bastos, M.A., Sampaio, Sa.M., Silva, N.,
. . 1997. Blastocystis hominigs a potential cause of diarrhea in AIDS
Sawangjaroen et {il' (2(_)0491 addition, aqu.eou"_s and etham)l patients: a report of six cases in Bahia. Brazil. Brazilian Journal of
extracts from PIf inhibited the growth dbiardia lamblia, Infectious Diseases 1, 91-94.
both in vitro and in vivo Tripathi et al., 1999 and it has Carbajal, J.A., del Castillo, L., Lanuza, M.D., Villar, J., Borras, R., 1997.
been successfully used as part of a drug formulation to treat ~ Karyotypic diversity amongBlastocystis hominissolates. Interna-
giardiasis in patients in IndiaAgarwal et al., 199¥ This tional Journal for Parasitology 27, 941-945. _
; . . . Dar, M.S., Ikram, M., Fakouhi, T., 1976. PharmacologyQ@tiercus in-
is the first .tlme thaE the_ effects of extracts f.rom PIf against fectoria Journal of Pharmaceutical Sciences 65, 1791-1794.
Blastocystis hominis vitro have been described. Dunn, L.A., Boreham, P.F.L., 1991. The in vitro activity of drugs against
Although Qin is routinely prescribed for the treatment of Blastocystis hominisJournal of Antimicrobial Chemotherapy 27,
diarrhea in Thai herbal medicine, the scientific data support- ~ 507-516. . _ S
ing the use of this plant as a herbal drug is scabr et Garavelli, P._L., S_cagl_lone, L., 1989. Blastocytosis. An epidemiological
. L study. Microbiologica 12, 349-350.
al. (1976)reported that a methanol_ extract of Qin signifi- Gassama, A., Sow, P.S., Fall, F., Camara, P., Gueye-Ndiaye, A., Seng, R.,
cantly reduced blood sugar levels in rabbltvang et al. Samb, B., M'Boup, S., Aidara-Kane, A., 2001. Ordinary and oppor-
(2000)suggested the use of hexagalloylglucose isolated from  tunistic enteropathogens associated with diarrhea in Senegalese adults
methanol extracts of Qin as a safe hypoglycemic agent. How-  in relation to human immunodeficiency virus serostatus. International
ever, at present there are only a few studies that show an effect_ Journal of Infectious Diseases 5, 192-198.

. . . . . Ghoshal, S., Krishna Prasad, B.N., Laksmi, V., 1996. Antiamoebic activity
of Qin against m|c_roorgar_1|sm§_a_vvangjaroen et al. (2004) of Piper longumfruits againstEntamoeba histolytican vitro and in
showed some antiamoebic activity of a methanol extract of  yivo. Journal of Ethnopharmacology 50, 166-170.

Qin in mice.Hussein et al. (2000Jemonstrated its activity =~ Hussein, G., Miyashiro, H., Nakamura, N., Hattori, M., Kakiuchi, N.,
against hepatitis C virus protease. The present study provides Shimotohno, K., 2000. Inhibitory effects of Sudanese medicinal plant

evidence of an inhibitory activity, ranging from moderately extracts on hepatitis C virus (HCV) protease. Phytotherapy Research

Acknowledgements

The authors are grateful for financial support by the Thai
government research fund. The useful advises from Dr. Brian
Hodgson is also appreciated.

o - . . 14, 510-516.

|nh|b|t_ed to killing by the methanql _extr_act from Qin against Hwang, J.K., Kong, T.W., Baek, N.I., Pyun, Y.R., 2000. Alpha-glycosidase
most isolates oBlastocystis hominidt is probably worth- inhibitory activity of hexagalloylglucose from the galls @uercus
while to purify these active extracts to identify specific com- infectoria Planta Medica 66, 273-274.

pounds responsible for the activities. Johnson, P.J., 1993. Metronidazole and drug resistance. Parasitology To-

In conclusion, this study shows that some extracts from day 9, 183-186. .
Lemee, V., Zaharia, |., Nevez, G., Rabodonirina, M., Brasseur, P., Ballet,

Thai medicinal plants have some potential use as therapeutic J.J., Favennec, L., 2000. Metronidazole and albendazole susceptibility

agents againstBlastocystis hominis Although, several of 11 clinical isolates ofiardia duodenalisfrom France. Journal of
extracts produced only moderately inhibited growth of Antimicrobial and Chemotherapy 46, 819-821.



72 N. Sawangjaroen, K. Sawangjaroen / Journal of Ethnopharmacology 98 (2005) 67-72

Llibre, J.M., Tor, J., Manterola, J.M., Carbonell, C., Foz, M., 19BRs- Thai army personnel based in Chonburi. Thailand Military Medicine
tocystis hominichronic diarrhoea in AIDS patients. Lancet 1, 221. 167, 643-646.

O'Neill, M.J., Bray, D.H., Boardman, P., Chan, K.L., Phillipson, J.D., Tracy, J.W., Webster Jr., L.T., 1996. Drugs used in the chemotherapy of
Warhurst, D.C., Peters, W., 1987. Plants as sources of antimalarial protozoal infection. In: Hardman, J.G., Limbird, L.E. (Eds.), Goodman

drugs. Part 4. Activity oBrucea javanicafruits against chloroquine- & Gilman's The Pharmacological Basis of Therapeutics, ninth ed.

resistantPlasmodium falciparumin vitro and againstPlasmodium McGraw-Hill, New York, pp. 987-1008.

bergheiin vivo. Journal of Natural Products 50, 41-48. Tripathi, D.M., Gupta, N., Lakshmi, V., Saxena, K.C., Agarwal, A.K.,
Ricci, N., Toma, P., Furlani, M., Caselli, M., Gullini, S., 19&lastocystis 1999. Antigiardial and immunostimulatory effect &fiper longum

hominis a neglected cause of diarrhoea. Lancet 1, 966. on giardiasis due tdGiardia lamblia Phytotherapy Research 13,

Saksirisampant, W., Nuchprayoon, S., Wiwanitkit, V., Yenthakam, S., Am- 561-565.
pavasiri, A., 2003. Intestinal parasitic infestations among children in Upcroft, J.A., Dunn, L.A., Dommett, L.S., Healey, A., Upcroft, P., Bore-

an orphanage in Pathum Thani province. Journal of Medicine Asso- ham, P.F., 1989. Chromosomes Bifistocystis hominisinternational

ciation of Thailand 86, S263-S270. Journal for Parasitology 19, 879-883.
Sawangjaroen, N., Luke, R., Prociv, P., 1993. Diagnosis by faecal culture Voolmann, Y., Boreham, P.F.L., 1993. Metronidazole resistarit

of Dientamoeba fragilisinfections in Australian patients with diar- chomonas vaginalisn Brisbane. Medical Journal of Australia 159,

rhoea. Transactions of the Royal Society of Tropical Medicine and 490.

Hygiene 87, 163-165. Wright, C.W., O'Neill, M.J., Phillipson, J.D., Warhurst, D.C., 1988. Use
Sawangjaroen, N., Sawangjaroen, K., Poonpanang, P., 2004. Effects of  of microdilution to assess in vitro antiamoebic activities Briucea

Piper longumfruit, Piper sarmentosunoot andQuercus infectoria javanicafruits, Simarouba amaratem, and a number of quassinoids.

nut gall on caecal amoebiasis in mice. Journal of Ethnopharmacology Antimicrobial Agents and Chemotherapy 32, 1725-1729.

91, 357-360. Yang, L.Q., Singh, M., Yap, E.H., Ng, G.C., Xu, H.X., Sim, K.Y., 1996.
Sheehan, D.J., Raucher, B.G., McKitrick, J.C., 1986. Associatidslaxd- In vitro response oBlastocystis hominiggainst traditional Chinese

tocystis hominiswvith signs and symptoms of human disease. Journal medicine. Journal of Ethnopharmacology 55, 35-42.

of Clinical Microbiology 24, 548-550. Zaki, M., Daoud, A.S., Pugh, R.N.H., Al-Ali, F., Al-Mutairi, G., Al-Saleh,
Sinniah, B., Rajeswari, B., 1994&lastocystis hominignfection, a cause Q., 1991. Clinical report oBlastocystis hominigfection in children.

of human diarrhea. The Southeast Asian Journal of Tropical Medicine Journal of Tropical Medicine and Hygiene 94, 118-122.

and Public Health 25, 490-493. Zaman, V., Khan, K.Z., 1994. A comparison of direct microscopy with
Stenzel, D.J., Boreham, P.F.L., 19%astocystis hominisevisited. Clin- culture for the diagnosis oBlastocystis hominisThe Southeast

ical and Microbiological Reviews 9, 563-584. Asian Journal of Tropical Medicine and Public Health 25, 792—
Taamasri, P., Mungthin, M., Rangsin, R., Tongupprakarn, B., Areekul, 793.

W., Leelayoova, S., 2000. Transmission of intestinal blastocystosis Zierdt, C.H., 1983 Blastocystis hominjsa protozoan parasite of human

related to the quality of drinking water. The Southeast Asian Journal beings. Clinical Microbiology Newsletter 5, 57-59.

of Tropical Medicine and Public Health 31, 112-117. Zierdt, C.H., Swan, J.C., Hosseini, J., 1983. In vitro respons8la$-
Taamasri, P., Leelayoova, S., Rangsin, R., Naaglor, T., Ketupanya, A., tocystis hoministo antiprotozoal drugs. Journal of Parasitology 30,

Mungthin, M., 2002. Prevalence dlastocystis hominigarriage in 332-334.



	The effects of extracts from anti-diarrheic Thai medicinal plants on the in vitro growth of the intestinal protozoa parasite: Blastocystis hominis
	Introduction
	Materials and methods
	Isolation and cultivation of Blastocystis hominis
	Plant materials
	Preparation of crude plant extracts
	In vitro test for determining the effect of plant extracts and metronidazole against Blastocystis hominis
	Statistical methods used

	Results
	Extraction of medicinal plants
	Effects of plant extracts and metronidazole on Blastocystis hominis in vitro

	Discussion
	Acknowledgements
	References


