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Abstract. Amoebiasis and giardiasis are worldwide spread diseases caused by the protozoans Entamoeba histolytica 

and several Giardia species, respectively. Their treatment includes drugs which may produce side effects and, in 

addition, onset of chemical resistance of these pathogenic protozoans. Thus, with the purpose of searching for new 

natural anti-protozoal chemotherapy, two plants of the family Lamiaceae, Mentha longifolia and Ocimum basilicum 

used in Saudi traditional medicine against intestinal disorders were selected to evaluate their water, ethanol and 

chloroform leaves extracts activity against E. histolytica and G. duodenalis trophozoites. Chloroform extract from O. 

basilicum was strongly active against G. duodenalis (IC50 = 53.31 μg/ml) and very active against E. histolytica (IC50 = 

68.62 μg/ml). Ethanol extracts of both plants showed moderate activity against tested protozoa. M. longifolia 

chloroform extract had poor activity against E. histolytica and G. duodenalis. Giardia duodenalis was significantly more 

susceptible than E. histolytica. None of the water extracts of the two plants were active against tested protozoa. Such 

results indicate M. longifolia ethanol extracts and chloroform extract from O. basilicum as possible candidates for 

further investigations to isolate and characterize their active principles as possible new natural anti-protozoal agents. 

 

Keywords: Mentha longifolia; Ocimum basilicum; Entamoeba histolytica; Giardia duodenalis. 

Received 09/06/2010. Accepted 02/09/2010. 

 

 

Introduction 

 

Amoebiasis and giardiasis are worldwide 

distributed protozoal diseases caused by 

Entamoeba histolytica and Giardia duodenalis, 

respectively. Amoebiasis is considered second 

to malaria as cause of death from a protozoan 

parasite; about 50 million cases of amoebic 

colitis and amoebic liver abscess with 100,000 

deaths occur annually worldwide (Upcroft and 

Upcroft, 2001), However, the true burden and 

distribution of amoebiasis worldwide remains 

unknown (Huston et al., 1999). Giardiasis is 

considered the most common protozoan 

infection in humans with 20-60% incidence 

worldwide (Upcroft and Upcroft, 2001). Their 

treatment includes drugs as metronidazole, 

furazolidone, paromomycin, benzimidazoles, 
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which may produce side effects; in addition, 

pathogenic protozoa developed resistance to 

some of them (Guerrant et al., 1999; Liu et al., 

2000; Gardner and Hill, 2001). Carcinogenic, 

teratogenic and embryotoxic properties have 

also been documented for some of these 

products (Upcroft and Upcroft, 2001). 

Medicinal plants represent natural therapeutic 

alternatives against pathogenic micro-

organisms, being safer than their synthetic 

counterparts. 

 

Lamiaceae family is used in traditional and folk 

medicine (Hedge, 1992). Mentha longifolia, also 

known as wild mint, habak or hasawy in Al-

Madinah region, is an aromatic perennial plant 

used in herbal medicine, in strengthening the 

immune system and for the treatment of 

coughs, colds, influenza, wounds and swollen 

glands (Van Wyk et al., 1997). Its essential oil is 

a decongestant, has antispasmodic and 

antibiotic effects (Van Wyk and Gericke, 2000), 

repels mosquitoes (Hutchings and Van Staden, 

1994) and keeps rodents off the grain (Phillips 

and Foy, 1999). It showed very strong in vitro 

antibacterial activity (Mimica-Dukic et al., 

2003) and HIV-1 inhibitory effect (Amzazi et 

al., 2003). Ocimum basilicum, known as Rahan 

in Al-Madinah is used as carminative, 

expectorant, stimulant and diaphoretic. Leaf 

juice is traditionally used to treat cough, fever, 

ringworm, internal piles, diarrhea and kidney 

disorders (Mossa et al., 2000). Its essential oils 

showed antimicrobial activity against Gram-

negative and Gram-positive bacteria, yeasts, 

and molds (Suppakul et al., 2003). It has shown 

also insecticidal effect (Clemente et al., 2003). 

 

Thus, with the purpose of searching for new 

natural anti-protozoal chemotherapy, two 

plants of the family Lamiaceae M. longifolia and 

O. basilicum used in Saudi traditional medicine 

against intestinal disorders were selected to 

evaluate their water, ethanol and chloroform 

leaves extracts activity against E. histolytica 

and G. duodenalis trophozoites. 

 

Materials and methods 

 

Plant material 

 

Mentha longifolia and O. basilicum plants were 

collected from Al-Madinah Almunawwarah, 

Western of Saudi Arabia on a dry, sunny day, in 

the late morning, when all traces of dew have 

disappeared. The taxonomic identification of 

plant materials was confirmed by a senior 

plant taxonomist. The leaves of plant material 

were separated from the stem, some used fresh 

for distillation and some were dried in the 

shade in the laboratory under normal air and 

at room temperature conditions, and ground in 

a grinder with a 2 mm diameter mesh; 1,000 g 

of the powder of each plants where obtained. 

 

Extraction 

 

Water extracts from fresh leaves (500 g) was 

done by water-distillation in a Clevenger-type 

apparatus. Fresh leaves were directly 

immersed in a flask with 800 ml of water and 

then boiled. The vapor carried the volatile 

compounds and the condensate dropped on 

the ether/hexane trap in the inner tube of the 

apparatus; water extracts were retained and 

separated, dried with anhydrous sodium 

sulphate and after filtration stored at 4°C until 

used. Dried, powdered M. longifolia and O. 

basilicum leaves (500 g) were extracted with 1 

liter of the desired solvent (ethanol and 

chloroform), in a Soxhlet apparatus for 72 h at 

a temperature not exceeding the boiling point 

of the solvent. The extracts were filtered then 

concentrated using rotatory vacuum 

evaporator at 50°C to 5 ml and stored at 4°C 

until used (Eloff, 1998). 

 

Identification of extract components 

 

The chemical composition of different extracts 

were analyzed by IR (infra-red) where the 

spectra were recorded on Nicolet Impact 400D 

using Fourier transform infrared (FT-IR) 

spectroscopy apparatus using OMNIC program 

and are reported in terms of frequency of 

absorption (cm-1). 

 

Cells and parasites 

 

Monolayers of IEC-6 (Intestinal epithelial cell 

line-6) were supplied by Dr. Khalid Amin 

(Microbiology lab, King Fahad hospital, al-

Madinah Al-Munawwarah, Saudi Arabia); E. 

histolytica and G. duodenalis trophozoites were 

isolated from amoebic dysenteric and diarrheic 

patients feces with giardiasis. E. histolytica and 
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G. duodenalis trophozoites were detected 

microscopically. Entamoeba histolytica 

trophozoites were confirmed by antigen-based 

fecal ELISA kits (E. histolytica II; TechLab, 

Blacksburg, VA Virginia, USA) specific for E. 

histolytica. We have also used monoclonal 

antibodies against E. histolytica Gal/GalNAc-

specific lectin. 

 

Genomic DNA was extracted using QIAamp 

DNA Stool Mini Kit (Qiagen) for PCR and stored 

at -20°C. Entamoeba histolytica and G. 

duodenalis were genotyped using a nested PCR 

procedure. The primers RH11 and RH4 

(Hopkins et al., 1997) and the primers GiarR 

and GiarF (Read et al., 2002) were used to 

amplify a 130-bp region from the 16S-rRNA 

gene of G. duodenalis. Two sets of 

oligonucleotides primers, HSP1-2 and DSP1-2 

were used for amplification of a region of about 

340bp and 430bp of the locus 1-2 gene for E. 

histolytica and E. dispar, respectively (Haghighi 

et al., 2003). PCR confirmed that Entamoeba 

trophozoites are the pathogenic E. histolytica 

and G. duodenalis is assemblage B genotype. 

 

Cultivation of parasites 

 

Entamoeba histolytica trophozoites were 

inoculated in 13×100 mm screw-capped tubes 

containing PEHPS medium (Said-Fernández et 

al., 1988), for G. duodenalis, TYI-S-33 medium 

were used (Keister, 1983). These cultures were 

incubated at 37°C for 72 h. The tubes were 

then cooled in ice water for 10 minutes, and 

the number of trophozoites per milliliter was 

determined in each tube using a 

hemocytometer. Subcultures were passed 

twice a week. Tubes containing cells at log 

phase were used in the experiments. 

 

Intestinal epithelial cell line culture 

 

Monolayers of IEC-6 were cultured in 25 cm2 

flasks containing Dulbecco’s modified Eagle’s 

medium (DMEM, Sigma Chemical Co., MO, USA) 

supplemented with 10% of fetal bovine serum 

and 100U/ml of human regular insulin in an 

atmosphere of 5% CO2 and 95% air at 37°C 

(McCabe et al., 1991). 

 

 

 

Bioassays and statistical evaluation of anti-

protozoal activities of medicinal plants 

 

The inhibitory activity of plant extracts against 

E. histolytica and G. duodenalis were 

determined according to a standard protocol of 

Mata-Cárdenas et al. (1998). Water, ethanol 

and chloroform extracts were dissolved, at a 

concentration of 100 mg/ml, in dimethyl 

sulphoxide (DMSO; Merck, Darmstadt, 

Germany) before assay. The extracts were 

further diluted with culture medium to a 

concentration of 1 mg/ml. The maximum 

concentration of DMSO in the test did not 

exceed 1%, at which level no inhibition of E. 

histolytica and G. duodenalis growth occurred. 

 

In vitro susceptibility assays were performed 

using a subculture method (Campanati et al. 

2001) as follows: E. histolytica (6 x 103) or G. 

duodenalis (5 x 104) trophozoites were 

incubated in the presence of the plants extracts 

for 48 h at 37°C in the presence of different 

concentrations (5-200 μg/ml) of the water, 

ethanol and chloroform leaf extracts of M. 

longifolia and O. basilicum in DMSO. Each test 

included metronidazole as positive control, a 

control (culture medium plus trophozoites and 

DMSO), and a blank (culture medium). The 

metronidazole compound was dissolved in 

DMSO. 

 

For determination of their IC50, after 48 h of 

incubation at 37°C, the E. histolytica and G. 

duodenalis trophozoites from each well were 

examined and counted with an inverted 

microscope; the plates were cooled for 15 

minutes to detach the trophozoites. 

Trophozoite viability was directly determined 

microscopically at 400x magnification, with the 

live and dead cells counted twice in a 

hemocytometer (Neubauer cell-counter 

chamber). The percentage of dead E. histolytica 

trophozoites was determined by staining with 

trypan blue. Viable amoebae excluded the dye, 

whereas nonviable cells took the dye and 

appear blue (Ghadirian and Meerovitch, 1982). 

Loss of motility and deformations in typical 

G.duodenalis trophozoite appearance 

considered non-viable parasites (Hill et al., 

1986). Each concentration was tested in 

triplicate, and at least two experiments were 

performed on separate occasions. Descriptive 
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statistics were calculated and analyzed. The 

results of anti-protozoal activity of the 

different extracts used were calculated as the 

percentage of growth inhibition when 

compared with the controls grown without 

plant extracts, the best straight line was 

determined by regression analysis, and the 

concentrations that caused 50% inhibition 

(IC50) were calculated (Katiyar et al., 1994) for 

the Log of the concentration using GraphPad 

Prism. All the results were tabulated, and 

presented by figures and histograms. 

 

Cytotoxic assays 

 

For cytotoxic assays, IEC-6 cells were 

trypsinized, and incubated on 12 mm glass 

cover slips in 24-well tissue culture plates 

under microaerophilic condition. When the 

monolayers reached confluence (3-4 days), the 

cells were transferred and incubated with fresh 

medium plus different concentrations of plant 

extracts, diluted in phosphate-buffered saline 

(PBS) pH 7.2, for 48 h (Gadelha et al., 2005). 

Subsequently, cells were fixed and stained with 

the Panotico Kit (Hill et al., 1986). The number 

of cells in control and treated cover slides were 

determined by counting cells, results were 

expressed as percentage of cell viability in 

relation to controls (de Oliveira et al., 2009). 

 

Results 

 

In vision of FT-IR results, the oil of M. longifolia 

consists principally of menthol followed by 

menthone. Menthol was the main predominant 

component of M. longifolia essential oil 

extracted by ethanol (figure 1A, arrow) while 

menthone main predominant component of M. 

longifolia essential oil extracted by chloroform 

(figure 1B, arrow). 

 

The oil of O. basilicum consists principally of 

linalool followed by methyl eugenol. Linalool 

was the main predominant component of O. 

basilicum essential oil extracted by ethanol 

(figure 2A, arrow) while methyl eugenol main 

predominant component of O. basilicum 

essential oil extracted by chloroform (figure 2B, 

arrow). 

 

 

 
 

Figure 1. IR spectra of essential oil component of M. 

longifolia extracted by ethanol (A) and chloroform (B), 

recorded on Nicolet Impact 400D 
 

 

 

 
 

Figure 2. IR spectra of essential oil component of O. 

basilicum extracted by ethanol (A) and chloroform (B), 

recorded on Nicolet Impact 400D 

 

A 

B 
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The 50% growth inhibition (IC50) of water, 

ethanol and chloroform leaf extracts from M. 

longifolia and O. basilicum at different 

concentrations (25-200 µg/ml) against E. 

histolytica and G. duodenalis trophozoites 

cultures was displayed in tables 1 and 2 and 

figure 3. Water extracts of M. longifolia and O. 

basilicum showed no activity against 

trophozoites of E. histolytica and G. duodenalis 

(tables 1 and 2). The chloroform extract of M. 

longifolia presented a relatively poor activity as 

anti-protozoal, at 200 μg/ml, it was able to 

inhibit the motility of only 20% and 11.7 % of 

tested trophozoites of E. histolytica and G. 

duodenalis, respectively (table 1 and figure 3). 

The ethanol extract M. longifolia showed a 

moderate activity against trophozoites of E. 

histolytica with an IC50 of 83.16 μg/ml, while it 

showed a good activity against trophozoites of 

G. duodenalis with an IC50 of 68.18 μg/ml as 

displayed in table 1 and figure 3. The ethanol 

extract of O. basilicum presented a relatively 

moderate activity against trophozoites of E. 

histolytica and G. duodenalis with an IC50 value 

of 208.9 μg/ml and 150.5 μg/ml, respectively 

(table 2 and figure 3). The chloroform extract 

O. basilicum showed strong activity against 

trophozoites of G. duodenalis with an IC50 of 

and 53.31 μg/ml with the highest trophozoite 

mortality rate obtained (98.3), while it showed 

a good activity against trophozoites of E. 

histolytica with an IC50 of 68.62 μg/ml and 93.3 

trophozoite mortality rate as displayed in table 

2 and figure 3. 

 

Trophozoites of E. histolytica and G. duodenalis 

were affected with increasing concentrations of 

ethanol and chloroform extracts of the plant M. 

longifolia. The decline in the percentage of 

trophozoites number was significant for all 

concentration tested (p<0.01) (tables 1 and 2 

and figure 3). 
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Figure 3. A dose-response graphic showing mortality of 

E. histolytica (E. hist) and G. duodenalis (G.lambl) 

trophozoites after 48 hour exposure to different extracts 

of M. longifolia (M) and O. basilicum (O) 

(H2OEx = Water extract, EthEx = Ethanol extract, CloEx = 

Chloroform extract) 

 

 
 

 

Table 1. E. histolytica and G. duodenalis trophozoites mortality rate and IC50 after 48 h exposure to M. longifolia extracts 

 

E. histolytica G. duodenalis 

Water 

extract 

Ethanol 

extract 

Chloroform 

extract 

Water 

extract 

Ethanol 

extract 

Chloroform 

extract 
Concentration 

TM% IC50 TM% IC50 TM% IC50 TM% IC50 TM% IC50 TM% IC50 

5 µg/ml 0 16.7 0 0 21.7 0 

25 µg/ml 0 38.3 1 0 41.7 0 

50 µg/ml 1 53.3 8.3 0 58.6 3.3 

100 µg/ml 0 63.3 13.3 1 68.3 8.3 

200 µg/ml 2 

0 

80 

83.16* 

20 

454.6* 

0 

0 

90 

68.18* 

11.7 

558.3* 

Inoculums 0  0  0  0  0  0  

DMSO (- control) 0  0  0  0  0  0  

Metronidazole 

(+ control) 
100  100  100  100  100  100  

TM = Trophozoite mortality; IC = Inhibition concentration 

* Correlation is significant at the p<0.05 level (2-tailed). 
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Table 2. E. histolytica and G. duodenalis trophozoites mortality rate and IC50 after 48 h exposure to O. basilicum extracts 

 

E. histolytica G. duodenalis 

Water 

extract 

Ethanol 

extract 

Chloroform 

extract 

Water 

extract 

Ethanol 

extract 

Chloroform 

extract 
Concentration 

TM% IC50 TM% IC50 TM% IC50 TM% IC50 TM% IC50 TM% IC50 

5 µg/ml 0 8.3 20 0 13.3 26.7 

25 µg/ml 0 16.7 40 0 23.3 45 

50 µg/ml 0 26.7 58.3 0 33.4 70 

100 µg/ml 1 35 71.7 0 40 81.7 

200 µg/ml 0 

0 

53.3 

208.9* 

93.3 

68.62* 

1 

0 

66.7 

150.5* 

98.3 

53.31* 

Inoculums 0  0  0  0  0  0  

DMSO (- control) 0  0  0  0  0  0  

Metronidazole (+ 

control) 
100  100  100  100  100  100  

TM = Trophozoite mortality; IC = Inhibition concentration 

* Correlation is significant at the p<0.05 level (2-tailed). 

 

 

Discussion 

 

Medicinal plants represent an important health 

and economic component worldwide and are 

being used for hundreds of years with wide range 

of uses as therapeutics. Medicinal plants are 

considered more efficient and safer as natural 

products than their synthetic counterparts. The 

new health agenda focuses on institutionalization 

of medicinal plants in parallel with 

pharmaceuticals into the national health care 

scheme (Elujoba et al., 2005). Essential oils have 

multiple functions in the plant, being involved in 

species-specific ecological interactions. In order 

to obtain the most complete volatile profile for M. 

longifolia and O. basilicum, different extractive 

techniques were used. 

 

The choice of the extractive method is also very 

important for selection of specific compounds. 

Solvent extraction is one of the most common 

techniques, being applied to extraction of 

several volatile compounds with low, medium, 

and high volatilities (Ortega-Heras et al., 2002). 

Different solvents can be used, because they 

possess distinct compounds affinity. 

 

In this study, the IC50 of water, ethanol and 

chloroform leaf extracts from M. longifolia and 

O. basilicum at different concentrations (25-

200 µg/ml) against E. histolytica and G. 

duodenalis trophozoites cultures was 

determined. Three of the six extracts of the two 

plant species we included, showed activity 

against E. histolytica and G. duodenalis. Mentha 

longifolia ethanol extract and O. basilicum 

ethanol and chloroform extracts showed 

activity against E. histolytica and G. duodenalis, 

while other tested extracts were of poor 

activity or even inactive. Chloroform extract 

from O. basilicum (figure 2B) was the most 

active one. It was very active against E. 

histolytica (IC50 = 68.62 μg/ml) and strongly 

active against G. duodenalis (IC50 = 53.31 

μg/ml). Ethanol extract from M. longifolia 

(figure 1A) and from O. basilicum (figure 2A) 

was of moderate activity against E. histolytica 

and G. duodenalis. Mentha longifolia chloroform 

extract (figure 1B) was of poor activity to E. 

histolytica and G. duodenalis with higher IC50 

(IC50 = 454.6 and 558.3 μg/ml, respectively). 

The decline in the percentage of trophozoites 

number was significant (p<0.01) for increasing 

concentrations of ethanol extract of both plants 

and chloroform extracts of O. basilicum at all 

tested concentration. Such results indicate M. 

longifolia ethanol extract and chloroform 

extract from O. basilicum as possible 

candidates for further investigations as anti-

amoebic and anti-Giardia agents. This study 

indicates that E. histolytica is strikingly less 

susceptible than G. duodenalis, in response to 

different extracts used at all tested 

concentrations a fact that could be due to the 

targets of the active compounds being different 

in the two protozoan species. During our study 

on the activity of essential oils on the 

trophozoite forms, they show that different M. 

longifolia and O. basilicum extracts do not 

present cytotoxicity for IEC-6 for all tested 

concentrations. None of the water extracts of 

both plants were active against tested 

protozoa. This may due to the fact that the 

components of essential oil become effective 
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when dissolved in a solvent (Wren, 1988). It 

was shown previously that the hydro-alcoholic 

extracts have better anti-parasitic activity than 

aqueous extracts, which may be due to easier 

absorption of the hydro-alcoholic extracts into 

the body of the parasite (Iqbal et al., 2004; 

Eguale et al., 2007; Vidal et al., 2007). 

 

Menthol, a terpenic alcohol, was the main 

component of M. longifolia essential oil 

extracted using ethanol. It was previously 

shown to be effective as antimicrobial and 

antifungal agent against ringworm and other 

fungal infestations (Kitic et al., 2002; Karaman 

et al., 2003; Sahin et al., 2003). It is also four 

times as powerful an antiseptic as phenol. 

Menthone, a ketone, is the main component of 

M. longifolia essential oil extracted using 

chloroform. However, ketones are not 

generally considered strong anti-microbial 

(Wren, 1988). Eugenol is one of the major 

components of O. basilicum essential oil. 

Eugenol, a phenolic compound, has 

antibacterial activity (Nakamura et al., 1999), 

anti-protozoal activity against trypomastigotes 

of Trypanosoma cruzi (Santoro et al., 2007) and 

Leishmania amazonensis (Ueda-Nakamura et 

al., 2006). Linalool-rich essential oil of O. 

basilicum extracted using ethanol showed 

antimicrobial properties (Mazzanti et al., 

1998), anti-protozoa activity against L. 

amazonensis promastigotes and amastigotes 

(Rosa et al., 2003). However, Santoro et al. 

(2007) demonstrated similar results to our one 

for linalool against epimastigotes and 

trypomastigotes of T. cruzi. 

 

Essential oils could make their way from the 

traditional into the modern medical domain. 

The results introduce chloroform extracts of O. 

basilicum and ethanol extracts of M. longifolia 

and O. basilicum as natural anti-parasitic drugs, 

with less side effects. Plant extracts appear as a 

promising alternative and have more beneficial 

effect than their synthetic counterparts 

through being safer, acceptable, affordable, 

culturally compatible and suitable for chronic 

treatments. These extracts can represent a step 

forward in the search for novel antiprotozoal 

agents, at a time when there is an urgent need 

for novel drugs. The active extracts of the 

aforementioned medicinal plants justify 

further studies to isolate and characterize the 

active principles against both E. histolytica and 

G. duodenalis as possible new antiprotozoal 

medications. It is important to develop a better 

understanding of their mode of biological 

action for new applications as antiprotozoal 

agents. 

 

Acknowledgements 

 

We are grateful to the Vice Rector of Graduate 

Studies & Academic Research and Deanship of 

Scientific Research, Taibah University for 

granting the study (grant number 429/213) 

and their support throughout the study. 

 

 

 

 

References 

 
Amzazi S., Ghoulami S., Bakri Y., Il Idrissi A., Fkih-

Tetouani S., Benjouad A. 2003. Human 

immunodeficiency virus type 1 inhibitory activity 

of Mentha longifolia. Therapie 58:531-534. 

Campanati L., Gadelha A.P., Monteiro-Leal L.H. 2001. 

Electron and video-light microscopy analysis of 

the in vitro effects of pyrantel pamoate on Giardia 

lamblia. Exp. Parasitol. 97:9-14. 

Clemente S., Mareggiani G., Broussalis A., Martino V., 

Ferraro G. 2003. Insecticidal effects of Lamiaceae 

species against stored products insects. Bol. San. 

Veg. Plagas 29:421-426. 

de Oliveira T.C., Silva D.A., Rostkowska C., Béla S.R., 

Ferro E.A., Magalhães P.M., Mineo J.R. 2009. 

Toxoplasma gondii: Effects of Artemisia annua L. 

on susceptibility to infection in experimental 

models in vitro and in vivo. Exp. Parasitol. 

122:233-241. 

Eguale T., Tilahun G., Debella A., Feleke, Makonnen E. 

2007. In vitro and in vivo anthelmintic activity of 

crude extracts of Coriandrum sativum against 

Haemonchus contortus. J. Ethnopharmacol. 

110:428-433. 

Eloff J.N. 1998. Which extractant should be used for 

the screening and isolation of antimicrobial 

components from plants? J. Ethnopharmacol. 

60:1-8. 

Elujoba A.A., Odeleye O.M., Ogunyemi C.M. 2005. 

Traditional medical development for medical and 

dental primary health care delivery system in 

Africa. Afr. J. Trad. Comp. Alt. Med. 2:46-61. 

Gadelha A.P., Vidal F., Castro T.M., Lopes C.S., Albarello 

N., Coelho M.G., Figueiredo S.F., Monteiro-Leal L.H. 

2005. Susceptibility of Giardia lamblia to Hovenia 

dulcis extracts. Parasitol. Res. 97:399-407. 



Sci Parasitol 11(3):109-117, September 2010 
ISSN 1582-1366 ORIGINAL RESEARCH ARTICLE 

 
 

 116 

Gardner T.B., Hill D.R. 2001. Treatment of giardiasis. 

Clin. Microbiol. Rev. 14:114-128. 

Ghadirian E., Meerovitch E. 1982. In vitro amoebicidal 

activity of immune cells. Infect. Immun. 36:243-

246. 

Guerrant R.L., Walker D.H., Weller P.F. 1999. Tropical 

Infectious Diseases: Principles, Pathogens & 

Practice. Volume 1. Churchill Livingstone, 

Philadelphia, pp. 685-697. 

Haghighi A., Kobayashi S., Takeuchi T., Thammapalerd 

N., Nozaki T. 2003. Geographic diversity among 

genotypes of Entamoeba histolytica field isolates. J. 

Clin. Microbiol. 41:3748-3756. 

Hedge I.C. 1992. A global survey of the biogeography 

of the Labiatae. In: Harley R.M. Reynolds T. (Eds.), 

Advances in Labiatae Science. Royal Botanical 

Gardens, Kew, London, pp. 7-17. 

Hill D.R., Pohl R., Pearson R.D. 1986. Giardia lamblia: a 

culture method for determining parasite viability. 

Am. J. Trop. Med. Hyg. 35:1129-1133. 

Hopkins R.M., Meloni B.P., Groth D.M., Wetherall J.D., 

Reynoldson J.A., Thompson R.C.A. 1997. 

Ribosomal RNA sequencing reveals differences 

between the genotypes of Giardia isolates 

recovered from humans and dogs living in the 

same locality. J. Parasitol. 83:44-51. 

Huston C.D., Haque R., Petri W.A. Jr. 1999. Molecular-

based diagnosis of Entamoeba histolytica infection. 

Expert Rev. Mol. Med. pp 1-11. 

Hutchings A., van Staden J. 1994. Plants used for 

stress-related ailments in traditional Zulu, Xhosa 

and Sotho medicine. Part 1: plants used for 

headaches. J. Ethnopharmacol. 43:89-124. 

Iqbal Z., Lateef M., Ashraf M., Jabbar A. 2004. 

Anthelmintic activity of Artemisia brevifolia in 

sheep. J. Ethnopharmacol. 93:265-268. 

Karaman I., Sahin F., Gulluce M., Ogutcu H., Sengul M., 

Adiguzel A. 2003. Antimicrobial activity of 

aqueous and methanol extracts of Juniperus 

oxycedrus L. J. Ethnopharmacol. 85:231-235. 

Katiyar S.K., Gordon V.R., McLaughlin G.L., Edlind T.D. 

1994. Antiprotozoal activities of benzimidazoles 

and correlations with betatubulin sequence. 

Antimicrob. Agents Chemother. 38:2086-2090. 

Keister D.B. 1983. Axenic culture of Giardia lamblia in 

TYI-S-33 medium supplemented with bile. Trans. 

R. Soc. Trop. Med. Hyg. 77:487-488. 

Kitic D., Jovanovic T., Ristic M., Palic R., Stojanovic G. 

2002. Chemical composition and antimicrobial 

activity of the essential oil of Calamintha nepeta 

(L.) Savi ssp. glandulosa (Req.) P.W. Ball from 

Montenegro. J. Essent. Oil Res. 14:150-152. 

Liu S.M., Brown D.M., O’Donoghue P., Upcroft P., 

Upcroft J.A. 2000. Ferredoxin involvement in 

metronidazole resistance of Giardia duodenalis. 

Mol. Biochem. Parasitol. 108:137-140. 

 

 

Mata-Cárdenas B.D., Vargas-Villarreal J., Martínez-

Rodríguez H., Navarro-Marmolejo L., González-

Garza M.T., Said-Fernández S. 1998. In vitro 

Giardia lamblia growth inhibition by gossypol. 

Pharm. Pharmacol. Comm. 4:361-363. 

Mazzanti G., Battinelli L., Salvatore G. 1998. 

Antimicrobial properties of the linalool-rich 

essential oil of Hyssopus officinalis L. var. 

decumbens (Lamiaceae). Flav. Fragr. J. 13:289-294. 

McCabe R.E., Yu G.S.M., Conteas C., Morrill P.R., 

McMorrow B. 1991. In vitro model of attachment 

of Giardia intestinalis trophozoites to IEC-6 cells, 

an intestinal cell line. Antimicrob. Agents 

Chemother. 35:29-35. 

Mimica-Dukic N., Bozin B., Sokovic M., Mihajlovic B., 

Matavulj M. 2003. Antimicrobial and antioxidant 

activities of three Mentha species essential oils. 

Planta Med. 69:413-419. 

Mossa J.S., Al-Yahya M.A., Al-Meshal I.A. 2000. 

Medicinal plants of Saudi Arabia. King Saud 

University Press, Riyadh. 

Nakamura C.V., Ueda-Nakamura T., Bando E., Melo 

A.F., Cortez D.A., Dias Filho B.P. 1999. Antibacterial 

activity of Ocimum gratissimum L. essential oil. 

Mem. Inst. Oswaldo Cruz 94:675-678. 

Ortega-Heras M., Gonzalez-San Jose M.L., Beltran S. 

2002. Aroma composition of wine studied by 

different extraction methods. Anal. Chim. Acta 

458:85-93. 

Phillips R., Foy N. 1999. Herbs. Pan Books Limited, 

London. 

Read C., Walters J., Robertson I.D., Thompson R.C.A. 

2002. Correlation between genotypes of Giardia 

duodenalis and diarrhoea. Int. J. Parasitol. 32:229-

231. 

Rosa M.S.S., Mendonça-Filho R.R., Bizzo H.R., 

Rodrigues I.A., Soares R.M., Souto-Padron T., 

Alviano C.S., Lopes A.H. 2003. Antileishmanial 

activity of a linalool-rich essential oil from Croton 

cajucara. Antimicrob. Agents Chemother. 

47:1895-1901. 

Sahin F., Karaman I., Gulluce M., Ogutcu H., Sengul M., 

Adiguzel A., Ozturk S., Kotan R. 2003. Evaluation of 

antimicrobial activities Satureja hortensis L. J. 

Ethnopharmacol. 87:61-65. 

Said-Fernández S., Vargas-Villarreal J., Castro-Garza J., 

Mata-Cárdenas B.D., Navarro-Marmolejo L., 

Lozano-Garza G., Martínez-Rodríguez H. 1988. 

PEHPS medium: an alternative for axenic 

cultivation of Entamoeba histolytica and E. 

invadens. Trans. R. Soc. Trop. Med. Hyg. 82:249-

253. 

Santoro G.F., Cardoso M.G., Guimarães L.G.L., 

Mendonça L.Z., Soares M.J. 2007. Trypanosoma 

cruzi: Activity of essential oils from Achillea 

millefolium L., Syzygium aromaticum L. and 

Ocimum basilicum L. on epimastigotes and 

trypomastigotes. Exp. Parasitol. 116:283-290. 



Sci Parasitol 11(3):109-117, September 2010 
ISSN 1582-1366 ORIGINAL RESEARCH ARTICLE 

 
 

 117 

Suppakul P., Miltz J., Sonneveld K., Bigger S.W. 2003. 

Antimicrobial properties of basil and its possible 

application in food packaging. J. Agric. Food Chem. 

51:3197-3207. 

Ueda-Nakamura T., Mendonça-Filho R.R., Morgado-

Diaz J.A., Maza P.K., Dias-Filho B.P., Cortez D.A.G., 

Alviano D.S., Rosa M.S., Lopes A.H., Alviano C.S., 

Nakamura C.V. 2006. Antileishmanial activity of 

Eugenol-rich essential oil from Ocimum 

gratissimum. Parasitol. Int. 55:99-105. 

Upcroft P., Upcroft J.A. 2001. Drugs targets 

mechanisms of resistance in the anaerobic 

protozoa. Clin. Microbiol. Rev. 14:150-164. 

Van Wyk B., Gericke N. 2000. People’s plants. Briza 

Publications, Pretoria, 128 pp. 

Van Wyk B., Outdtshoorn B., Gericke N. 1997. 

Medicinal plants of South Africa. Briza 

Publications, Pretoria, 174 pp. 

Vidal F., Vidal J.C., Gadelha A.P.R., Lopes C.S., Coelho 

M.G.P., Monteiro-Leal L.H. 2007. Giardia lamblia: 

The effects of extracts and fractions from Mentha x 

piperita Lin. (Lamiaceae) on trophozoites. Exp. 

Parasitol. 115:25-31. 

Wren R.C. 1988. Potter's New Cyclopaedia of Botanical 

Drugs and Preparations, C.W. Daniel Company, 

Saffron Walden, 384 pp. 

 


