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Abstract. Trichomoniasis is one of the most common parasitic sexually
transmitted diseases in the world. Metronidazole was known as the most
effective drug for human trichomoniasis., however, drug resistance and
toxicity appeared. This study was designed to investigate the in vitro
inhibitory activity of wheat germ agglutinin and Nigella sativa aqueous
extract on the growth and motility of Trichomonas vaginalis in comparison
to metronidazole. The inhibitory effect was dose related. Minimal lethal
concentration of wheat germ agglutinin was 250pg 250pg/ml in all
incubation periods. Minimal lethal concentration of metronidazole was 50pug
50ug/ml after 24 hours. However, lower doses of metronidazole showed a
minimal lethal concentration of 25ug 25ug/ml after 48 h and 12pg 12pug/ml
after 72 h of incubation; whereas, lower doses of wheat germ agglutinin
failed to completely inhibit the parasite growth. Although N. sativa aqueous
extract had the lowest effect on parasite growth, producing a lethal effect
only after 48 h, it still has a remarkable effect. All drugs remarkably
inhibited the motility of the trophozoites. The results showed a promising
effect of using wheat germ agglutinin and N. safiva aqueous extract in
treating 7. vaginalis infection.
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Introduction

Trichomoniasis, the disease that caused by the flagellate protozoan
Trichomonas vaginalis is the sexually transmitted infection with the
largest annual incidence, exceeding 170 million cases per year''l. This is
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more than the incidence rates of gonorrhea, chlamydia, and syphilis
combined. Trichomoniasis accounts for 4% to 35% of vaginitis
diagnosed in symptomatic women in a primary care setting in the United
States?!. Trichomoniasis is one of the most commonly reported sexually
transmitted infections in Saudi Arabia with prevalence rate of (28.1%)5,
During the year of 2003, the prevalence rate of Trichomoniasis was
(0.7%) in 6 cardinal hospitals in Jeddah, city of Saudi Arabia'®.

T. vaginalis colonizes the female and male urogenital tract, and
symptoms can vary widely from asymptomatic infections to vaginitis,
urethritis, prostatitis”®, low birth weight, preterm delivery, premature
rupture of membranes and infertility!®. Trichomoniasis is now an
important health problem in developing countries, as it was found to be
associated with increased risk of human immunodeficiency virus type 1

infection!”! and to be involved in cancer of the cervix'®.

Metronidazole has so far been the drug of choice for human
trichomoniasis; however, its use can lead to drug resistance!”!. In many
cases resistance can be overcome with prolonged therapy and higher
doses of metronidazole, but occasionally patients continue to be infected
despite these measures'”’. Beside the risk of drug resistance, undesirable
side effects such as peripheral neuropathy, headache, dry mouth, metallic
taste, glossitis and urticaria caused by lengthy treatment or high doses
have also been described'”). Moreover, there are potential risks of
mutagenicity and carcinogenicity! "',

Therefore, new antiprotozoal drugs with high effectiveness and
low toxicity are urgently required. Medicinal plants used in the treatment
of these diseases can be an alternative resource of novel antiprotozoal

drugs!"!.

Cell surface glycoconjugates of parasites have been postulated to
play an important role in a variety of biological functions. Lectins are
carbohydrate-binding proteins; a wide range of biological actions is
mediated by lectin-glycoprotein interactions, including cellular
differentiation, adherence and cytotoxicity to human cells!'*. Many
lectins are derived from plant seeds, and some of the best known are
components of common human foods such as beans and wheat germ
agglutinin (WGA)!"™],
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The presence of lectin receptors on the surface membrane of 7.
vaginalis has been shown. It was demonstrated that Concanavalin-A and
wheat germ agglutinin cause extensive agglutination of 7. vaginalis
isolates"®. In addition, WGA binding receptors were found in larger
quantities in strains having higher pathogenicity!'’!. It was suggested that
the pathogenicity of 7. vaginalis depends on a lectin specifically sensitive
to N-acetyl-D-glucosamine (GlcNAc)!'®!. Moreover, it was demonstrated
that 7. vaginalis has distinct binding sites for concanavalin-A and WGA,
indicating the presence of GlcNAc-containing residues in the parasite
membrane!’”.  Also, one of the main surface polysaccharide in T.
vaginalis is lipophosphoglycan like molecule (LPG)*". LPG mutants
have reduced adherence and cytotoxicity to human cells and have lost the
ability to bind the lectin WGA!.

Targeting of carbohydrate residues by the use of lectins showed
that WGA produce dose related growth inhibition of Giardia lamblia
trophozoites in vitro'**!. Lectins could also inhibit G. lamblia excystation
as effectively as monoclonal antibodies directed against cyst wall
antigens'”. The combined therapy of nitazoxanide (NTZ) and WGA
was shown earlier, and better therapeutic effect against cryptosporidial
infection in an experimental study®”. WGA also interfered with
chemoattraction of Schistosoma mansoni females to excretory secretory
products of males'®,

Nigella sativa (Family: Ranunculacea), commonly known as
black seed, black cumin or habatul Barakah, is an annual herbaceous
plant growing in Mediterranean countries and it is one of the native
plants that are widely distributed in Egypt'®®. It has been used for
centuries as a spice, food preservative and curative or medicinal remedy
for various ailments, including infectious diseases. It is one of the
important medicines of Tibbe Nabawi (Prophetic Medicine) and
identified as the curative black cumin in the Holy Bible. The seeds have
been considered one of the potential natural sources in folk
medicine*”?*.

Crude extracts (aqueous and alcoholic extracts) and essential oil
of N. sativa were proved to have many therapeutic effects. The N. sativa
alcoholic extract was found to be as effective as metronidazole in the
cure of giardiasis™!.  Moreover, aqueous extract has demonstrated
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inhibitory effect against candidiasis”®” and a potential therapeutic effect

against Blastocystis hominis®").

Considering the need for new alternatives for trichomoniasis
treatment, the therapeutic potential of WGA and the N. sativa aquous
extract, the present work was carried out to investigate the in vitro
activity on the growth and motility of 7. vaginalis in comparison to
metronidazole.

Materials and Methods

Parasites and Culture

T. vaginalis was isolated from female patients attending the
Obstetrics and Gynecology Clinic at King Abdulaziz University Hospital,
Jeddah. The trophozoites were cultured axenically in vitro at 37°C in
Trypticase-yeast extract maltose (TYM) medium®), pH 6.0,
supplemented with 1 ml heat inactivated horse serum, crystalline
penicillin (1,000,000 IU/ml) and streptomycin sulfate (100,000
pg/ml). Isolates were sub-cultured every 24 hours in TYM medium.
Trophozoites postinoculation were counted in a Neubauer cell-counter
chamber and used to study the effects of WGA and N. sativa aqueous
extract (NS AE) on growth and motility of 7. vaginalis trophozoites. The
starting concentration of the parasite in culture was adjusted in all tubes
to be 2 x10° trophozoites/ml culture.

Preparation of NS AE and Dilution of Drugs

Aqueous extract of NS AE

N. sativa seeds were purchased from the local market, washed to
remove any debris and air dried. Amount of 250 g seeds was boiled in
distilled water (1000 ml) for 90 minutes and filtered through muslin. The
filtrated water extract was evaporated under reduced pressure and
lyophilized to give an aqueous extract®'. The aqueous extract was
dissolved in distilled water. The extract was sterilized by filtration using
Acrodisc (Gelman, 0.22 um size) and then preserved in the deep freezer
(=20°C) till it was used. The present study evaluated four doses of NS
AE: 500 pg/ml, 1 mg/ml, 5 mg/ml and 10 mg/ml[33].

Wheat germ agglutinin (WGA)
It was obtained from Biomeda corporation, CA, USA and was used
in a dose of 20, 50, 100 and 250 pg/mI>*.
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Metronidazole

It was supplied as 500 mg tablets (Rhone Poulenc Rorer, France).
Tablets were dissolved in distilled water, and then diluted in incubation
medium to yield 12pg/ml, 25 pg/ml and 50 pg/ml1>>.

Growth inhibition Assay

The effect of NS AE and WGA on the growth of the 7. vaginalis
trophozoites was studied as follows: 2x10° trophozoites were incubated
in TYM- medium with drugs in different concentrations: NS AE (500
pg/ml, 1 mg/ml, 5 mg/ml and 10 mg/ml), WGA (20, 50, 100 and 250
pug/ml) and metronidazole (12 ug/ml, 25 pg/ml and 50 pg/ml) for 24, 48,
72 h and 96 h at 37°C. All drugs were tested in duplicates. In addition,
controls were included (cultures containing only the parasites) and
submitted to the same procedure used for the experimental cultures.
Evaluation of the drug efficacy was done by:

1. Counting the number of trophozoites using the haemocytometer
(Neubauer cell-counter chamber).

2. Calculation of the percent of inhibition of multiplication
according to the equation:

Percent inhibition of growth = % x100
Where;
a=Mean number of trophozoites in control tubes and
b= Mean number of trophozoites in test tubes®".

3. Calculation of the percent of motility of trophozoites which is
the ratio of motile to total number of parasites counted per 10 high power
field (HPF).

4. The minimal lethal concentration (MLC) of WGA, N. sativa (oil
and AE) and metronidazole was determined.

Results

The present study was carried out to investigate the in vitro activity
of WGA and NS AE on the growth and motility of 7. vaginalis,
compared to the standard drug metronidazole.

The results showed that the degree of growth inhibition was
dependent upon the concentration of WGA, NS AE and metronidazole
(Fig. 1-6).
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Fig. 2.

An inhibition of a T. vaginalis growth by WGA in vitro: Trophozoites were grown
in the absence (rhomboid) or presence of 20 ng/ml (squares), S0 pg/ml (triangles),
100 pg/ml (x) or 250 pg/ml (*) of WGA, and trophozoites numbers determined at
24 h intervals. The results represent the mean of duplicate determinations.
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Fig. 3. Growth curves of T. vaginalis in culture (parasite number x105) after exposure to
various concentrations of NS AE in comparison to normal control growth curve.
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Fig. 4. An inhibition of 7. vaginalis growth by NS AE in vitro: Trophozoites were grown
in the absence (rhomboid) or presence of 500 pg/ml (squares), 1 mg/ml (triangles),
5 mg/ml (x) or 10 mg/ml (*) of NS AE and trophozoites numbers determined at 24
h intervals. The results represent the mean of duplicate determinations.
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Fig.5. Growth curves of T. vaginalis in culture (parasite number x105) after exposure to
various concentrations of MTZ in comparison to normal control growth curve.
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Fig. 6. An inhibition of 7. vaginalis growth by metronidazole in vitro: Trophozoites were
grown in the absence (rhomboid) or presence of 12 pg/ml (squares), 25 pg/ml
(triangles), 50 pg/ml (x) of MTZ and trophozoites numbers determined at 24 h
intervals. The results represent the mean of duplicate determinations.
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WGA have a remarkable effect on multiplication and motility of
the T. vaginalis. Minimal lethal concentration of WGA, which caused
100% inhibition of growth of the trophozoite, was 250 pg/ml in all
incubation periods (Table 1), similar action obtained with metronidazole
50 pg/ml (Table 2).

Table 1. Mean count and percentage of growth inhibition of 7. vaginalis per culture

. 5 . . .
(parasite number x10°) after exposure to various concentrations of WGA in
comparison to normal control.

Duration of Treatment (Hours)

24h 48h 72h 96 h

Dosage of Mean % Mean % Mean % Mean %
Treatment
NTC 8.7 0 21 0 2 0 2.6 0
WGA 45 | 4827 12 | 4285 | 107 | 5136 | 105 | 53.53
20 pg/ml

50 pg/ml 21 | 7586 | 62 | 7048 | 60 | 7272 | 47 | 7920
100 pg/ml 15 | 8276 | 23 | 89.04 | 41 | 8136 | 32 | 8584
250 pg/ml 0 100 0 100 0 100 0 100

NTC = Non Treated Culture Control.
WGA = wheat germ agglutinin

Table2. Mean count and percentage of growth inhibition of 7. vaginalis per culture
(parasite number x 105) after exposure to various concentrations of NS AE in
comparison to normal control.

Duration of Treatment (Hours)

24 h 48 h 72 h 96 h
Dosage of Mean % Mean % Mean % Mean %
treatment
NTC 13 0 22.3 0 23.8 0 22.0 0
NS AE
500 pg/ml 10.3 20.76 16.7 25.11 16.3 31.5 14.3 35
1 mg/ml 10 23.07 15 32.73 15.7 34.03 14.0 36.36
5 mg/ml 1.5 88.46 3.0 86.55 3.5 85.29 2 90.90
10 mg/ml 0.3 97.69 0 100 0 100 0 100

NTC = Non Treated Culture Control
NS AE = Nigella sativa aqueous extract.

However, lower doses of WGA failed to completely inhibit the
parasite growth. However, it only showed growth reduction by 42.85-
89.04% in all incubation periods (Table 1), compared to complete
inhibition of parasite growth obtained with lower doses of metronidazole
with MLC of 25 pg/ml and 12 pg/ml obtained after 48 and 72 hours of
incubation, respectively (Table 3).

NS AE produced a lethal effect only after 48 hours using a dose of
10 mg/ml (Table 3). When used in a dose of 5 mg/ml, it showed growth
reduction by 90.9% after 96 hours (Table 2).
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Table3. Mean count and percentage of growth inhibition of 7. vaginalis per culture
(parasite number x105) after exposure to various concentrations of metronidazole
in comparison to normal control.

Duration of Treatment (Hours)

24h 48h 72h 96h

Dosage of Mean % Mean % Mean % Mean %
Treatment
NTC 13 0 22.3 0 23.8 0 22.0 0
MTZ 1 92.30 0.7 96.86 0 100 0 100

12 pg/ml

25 pg/ml 0.5 96.15 0 100 0 100 0 100

50 pg/ml 0 100 0 100 0 100 0 100

NTC = Non Treated Culture Control.
MTZ = Metronidazole

Lower dose of metronidazole (12 ng/ml) showed complete
inhibition of growth after 72 hours (Table 3). In contrast, lower doses of
N. sativa failed to completely inhibit the parasite growth, but only it
showed growth reduction by 20.76 - 90.9% in case of NS AE (Table 2).

Both of WGA, NS AE and metronidazole were able to inhibit the
motility of the parasite with increasing percent of immotile trophozoites
in proportion to concentration and incubation time (Tables 4, 5 & 6).

Table4. Percent of motility of 7. vaginalis in TYM culture medium after exposure to
various concentrations of WGA, in comparison to normal control.

Percent of Motility
Groups 24 h 48 h 72 h 96 h
NTC 98% 85% 50% Non motile
WGA-20 pg/ml 98% 80% 30% Non motile
WGA-50 pg/ml 80 70 20 Non motile
WGA-100 pg/ml 30 10 Non motile Non motile
WGA-250 pg/ml No organism No organism No organism No organism

NTC = Non Treated Culture Control
WGA = Wheat germ agglutinin

Table5. Percent of motility of 7. vaginalis in TYM culture medium after exposure to
various concentrations of NS AE in comparison to normal control.

Percent of Motility
Groups 24h 48h 72h 96h
NTC 95 70 25 Non motile
NS AE- 500 pg/ml 93 15 5 Non motile
NS AE- 1 mg/ml 91 10 Non motile Non motile
NS AE- 5 mg/ml 16 Non motile Non motile Non motile
NS AE- 10 mg/ml Non motile No organism No organism No organism

NTC = Non Treated Culture Control
NS AE = Nigella sativa aqueous extract
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Table 6. Percent of motility of 7. vaginalis in TYM culture medium after exposure to
various concentrations of metronidazole in comparison to normal control.

Percent of Motility
Groups 24 h 48 h 72 h 96 h
NTC 98% 85% 50% Non motile
MTZ 50 Non motile No organism No organism
12 pg/ml
25 ug/ml 10 No organism No organism No organism
50 pg/ml No organism | No organism No organism No organism
NTC = Non Treated Culture Control
MTZ = Metronidazole
Discussion

T. vaginalis is the most common parasitic sexually transmitted
infection in the world®”),

Treatment is relied on metronidazole. Although, there are some
problems related to resistance and toxicity. Thus, the search for new
alternative treatments for trichomoniasis is necessary, such as natural
products™®,

Lectins (agglutinins) are naturally occurring proteins recognized by
their ability to bind, with high specificity, to glycosylated residues on
parasite membrane. Although the anti-infective role of lectins has long
been suspected, the perceived non-specificity of lectin binding, a lack of
awareness within the medical community of which food contains lectin
activity and subsequent discovery of antibodies, limited interest in these
molecules for at least 2-3 decades® . Triticum vulgaris agglutinin (wheat
germ, WGA) is one of the most popular applied lectins that have been
frequently used as an investigative tool in glycobiology.

Many trials were done to target carbohydrate residues on the
surface membrane of protozoa by the use of lectins™**. To investigate
the functional role that such lectin receptors may play in the process of
infection, the present work tested the influence of WGA as an exogenous
lectin on the growth of 7. vaginalis in vitro. To our knowledge, this study
is the first report with regards to in vitro effects of WGA against T.
vaginalis.

Some authors have studied the antiparasite properties of WGA
against G. lamblia cysts'™ Cryptosporidium™™ and S. mansoni™'. WGA
activity on in vitro protozoan proliferation has been reported in previous
studies®>*,
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The present study reported a concentration 250 pg/ml of WGA as a
lethal concentration to 7. vaginalis in vitro. In contrast, previous studies
dealing with  WGA activity on in vitro G. lamblia trophozoites
proliferation did not report complete inhibition of parasite growth. This
may be due to the lower concentration (100 ng/ml) they used. However,
this concentration of 100 pg/ml WGA inhibited the growth of Giardia
trophozoites by 80%!**! and 56.7%!*" after 72 h incubation. This is
consistent with the 81.36% inhibition of 7. vaginalis growth encountered
in the present study, by applying the same dose at the same incubation
period.

There may be several possible mechanisms by which WGA could
inhibit 7. vaginalis growth which could be the same as suggested by
some investigators'*!, it was stated three possible mechanisms by which
WGA could inhibit Giardia growth in vitro; (1) the lectin could be
cytotoxic to the parasite, as it is to a number of mammalian cell lines, (2)
WGA could agglutinate trophozoites and, in so doing, prevent them from
multiplying, (3) WGA interferes with the function of surface
glycoproteins involved in Giardia attachment, as is the case with other
cell types.

This growth inhibition by WGA could be explained on the basis of
specificity of WGA for N-acetyl-D-glucosamine (GlcNAc)-containing
residues in the 7. vaginalis membrane!'” as suggested by others!*', in
case of cryptosporidial infection. It has been suggested that the known
lectin induced changes in parasite biology may be sufficient to alter the
balance between the immune system and the parasite!**).

N. sativa dried whole seeds are used as flavoring agent to some
foods. They are very popular spice for some special baked products.
They are also used as carminative and diuretic. Several beneficial
pharmacological effects have been attributed to various crude and
purified components of blackseeds, including antihistaminergic,
antihypertensive, hypoglycemic, antimicrobial, mast cell stabilizing and
anti-inflammatory activities. These include immune stimulation!®!, anti-
inflammatory!**! anti-tumor'®!, and anti-oxidant'*.  Most of these
biological activities have been attributed to thymoquinone, the main
active constituent of the volatile oil extracted from the seeds!*’).

The use of N. sativa against protozoal infections has been tested by
several researchers. The N. sativa alcoholic extract was found to be as
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effective as metronidazole in the cure of giardiasis®. Moreover, aqueous
extract has demonstrated inhibitory effect against B. hominis®'\. Tt is
been demonstrated that strong biocidal anti-malarial activities of different
extracts of N. sativa seeds against Plasmodium berghei™. The active
components of black seed were studied against nematodes and
cestodes!™”. Tt has been reported that essential oil from the seeds of N.
sativa showed antimicrobial and antihelmintic activities *°!. Also, the
anti-schistosomicidal properties of aqueous extract of N. sativa seeds has
been reported!).

Although, NS AE gave the lowest effect on parasite growth
recorded in this study, it still had a remarkable effect. The higher activity
of metronidazole at certain concentrations may be due to the fact that V.
sativa extract was a crude extract in comparison to the raised activity of
the purified metronidazole.

The present results hold the perspective for the utilization of WGA
and MN. sativa as an anti-trichomonal agent. Furthermore, beside the direct
in vitro anti-trichomonal effect of WGA and NS AE found in this study
and their potency as antiparasitic found by other authors. Both were
proved to have an immunmodulatory effect. N. sativa has a prominent
stimulatory effect on CD4 positive T-cells and macrophages causing an
immunomodulatory effect both in humans and animals”*. Furthermore,
it is been indicated that the aqueous extract of N. sativa seeds exhibits an
inhibitory effect on nitric oxide production by murine macrophages'™". It
was proved that WGA can cause redistribution of mucosal T-cells, and
an apparent increase of CD4 and CD8 T lymphocytes was observed>*],
Also, WGA was found to induced IL-12 and IF-co production which
suggested that WGA 1is involved in the early pro-inflammatory
response®>). However, their exact mechanism of action on the individual
components of the immune system needs to be deeply investigated.
Understanding of such mechanisms will put a great impact on the
management of many infectious as well as immunological disorders.

It could be concluded that WGA is as efficient as metronidazole on
T. vaginalis in vitro with the added advantage of being a natural product.
Although, NS AE was less effective in comparison to metronidazole, its
therapeutic potential, it may not be discarded. Even so, the present results
hold the perspective for the finding of new therapeutic alternative to
trichomoniasis treatment. New and efficient natural products inhibiting
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the growth of 7. vaginalis trophozoites without side effects may be very
useful in the treatment of the infection. Further experimental and clinical
investigations are needed to evaluate and standardize the doses of these
natural products.

[10]

[11]

[12]

[13]
[14]
[15]

[16]

References

World Health Organization. Sexually transmitted diseases. World Health Organization,
Geneva, Switzerland. WHO 1996. Fact Sheet No. 110.

Anderson MR, Klink K, Cohrssen A. Evaluation of vaginal complaints. J4MA 2004;
291(11): 1368-1379.

Madani TA. Sexually transmitted infections in Saudi Arabia. BMC Infect Dis 2006; 6(3):
1-6.

Alzanbagi NA, Salem HS, Al Braiken F. Trichomoniasis among women with vaginal
discharge in Jeddah city, Saudi Arabia. J Egypt Soc Parasitol 2005; 35(3): 1071-1080.

Gardner WA Jr, Culberson DE, Bennett BD. Trichomonas vaginalis in the prostate
gland. Arch Pathol Lab Med 1986; 110(5): 430-432.

Cotch MF, Pastorek JG, Nugent RP, Hillier SL, Gibbs RS, Martin DH, Eschenbach
DA, Edelman R, Carey JC, Regan JA, Krohn MA, Klebanoff MA, Rao AV, Rhoads
GG. Trichomonas vaginalis associated with low birth weight and preterm delivery. The
Vaginal Infections and Prematurity Study Group. Sex Transm Dis 1997; 24(6): 353-360.

MecClelland RS, Sangare L, Hassan WM, Lavreys L, Mandaliya K, Kiarie J, Ndinya-
Achola J, Jaocko W, Baeten JM. Infection with Trichomonas vaginalis increases the risk
of HIV-1 acquisition. J Infect Dis 2007; 195(5): 698-702.

Bristo EB, Menezes RC, Martins SJ, Sousa A. Preliminary study on low-trait genital
infection and cervical epithelial dysplasia in women from the Parakana tribe of South
America. Rev Assoc Med Bras 1996; 42(1): 11-15.

Blaha C, Duchéne M, Aspock H, Walochnik J. In vitro activity of
hexadecylphosphocholine (miltefosine) against metronidazole-resistant and-susceptible
strains of Trichomonas vaginalis. J Antimicrob Chemother 2006; 57(2): 273-278.

Kapoor K, Chandra M, Nag D, Paliwal JK, Gupta RC, Saxena RC. Evaluation of
metronidazole toxicity: a prospective study. /nt J Clin Pharmacol Res 1999; 19(3): 83-88.
Grossman JH, Galask RP. Persistent vaginitis caused by metronidazole-resistant.
Trichomonas Obstet Gynecol 1990; 76(3 Pt 2): 521-522.

Schmid G, Narcisi E, Mosure D, Secor WE, Higgins J, Moreno H. Prevalence of
metronidazole-resistant Trichomonas vaginalis in a gynecology clinic. J Reprod Med
2001; 46(6): 545-549.

Freitas SF, Shinohara L, Sforcin JM, Guimaraes S. [n vitro effect of propolis on
Giardia duodenalis Trophozoites. Phytomedicine 2006; 13(3): 170-175.

Sharon N. Carbohydrate-lectin interactions in infectious diseases. Adv Exp Med Biol
1996; 408: 1-8.

Nachbar MS, Oppenheim JD. Lectins in U.S. diet: survey of lectins in commonly
consumed foods and a review of literature. Am J Clin Nutr 1980; 33(11): 2338-2345.

Warton A, Honigberg BM. Analysis of surface saccharides in Trichomonas vaginalis
strains with various pathogenicity levels by fluorescein-conjugated plant lectins. Z
Parasitenk 1983;69(2): 149-159.



[18]

(19]

(20]

[21]

[23]
[24]

[25]

In Vitro Antitrichomonal Effect of Nigella Sativa... 31

Kon VB, Papadimitriou JM, Robertson TA, Warton A. Quantitation of concanavalin A
and wheat germ agglutinin binding by two strains of Trichomonas vaginalis of differing
pathogenicity using gold particle-conjugated lectins. Parasitol Res 1988; 75(1): 7-13.

Roussel F, De Carli G, Brasseur P. A cytopathic effect of Trichomonas vaginalis
probably mediated by a mannose/N-acetyl-glucosamine binding lectin. Int J Parasito
1991; 21(8): 941-944.

Mirhaghani A, Warton A. Involvement of Trichomonas vaginalis surface-associated
glycoconjugates in the parasite/target cell interaction. A quantitative electron microscopy
study. Parasitol Res 1998; 84(5): 374-381.

Singh BN. The existence of lipophosphoglycan like molecules in Trichomonads. Parasitol
Today 1994; 10(4): 152-154.

Bastida-Corcuera FD, Okumura CY, Colocoussi A, Johnson PJ. Trichomonas
vaginalis lipophosphoglycan mutants have reduced adherence and cytotoxicity to human
ectocervical cells. Eukaryot Cell 2005; 4(11): 1951-1958.

Ortega-Barria E, Ward HD, Keusch GT, Pereira ME. Growth inhibition of the
intestinal parasite Giardia lamblia by a dietary lectin is associated with arrest of the cell
cycle. J Clin Invest 1994; 94(6): 2283-2288.

Meng TC, Hetsko ML, Gillin FD. Inhibition of Giardia lamblia excystation by antibodies
against cyst walls and by wheat germ agglutinin. Infect Immun 1996; 64(6): 2151-2157.

Moustafa MA. Role of wheat germ agglutinin (WGA) in treatment of experimental
cryptosporidiosis. J Egypt Soc Parasitol 2003; 33(2): 443-456.

Haseeb MA, Thors C, Linder E, Eveland LK. Schistosoma mansoni: Chemoreception
through n-acetyl-D-galactosamine-containing receptors in females offers insight into
increased severity of schistosomiasis in individuals with blood group A. Exp Parasitol
2008; 119(1): 67-73.

Jansen PCM. Spices, Condiments and Medicinal Plants in Ethiopia, their Taxonomy and
Agricultural Significance. Addis Ababa: Center for Agricultural Pub Doc, 1981. 76-85.

Randhawa MA, Al-Ghamdi MJ. A review of pharmacotherapeutic effects of Nigella
sativa. Pak J Med Res 2002; 41(2): 77-83.

Ali BH, Blunden G. Pharmacological and toxicological properties of Nigella sativa.
Phytother Res 2003; 17(4): 299.

Bishara SA, Masoud SI. Effect of Nigella sativa extract on experimental giardiasis. N
Egypt J Med 1992; 7(1): 1-3.

Khan MA, Ashfaq MK, Zuberi HS, Mhmood MS, Gilani AH. The in vivo antifungal
activity of the aqueous extract from Nigella sativa seeds. Phytother Res 2003; 17(2): 183-
186.

El Wakil HS. Evaluation of the in vitro effect of Nigella sativa aqueous extract on
Blastocystis hominis isolates. J Egypt Soc Parasitol 2007;37(3): 801-813.

Diamond LS. The establishment of various trichomonads of animals and man in axenic
cultures. J Parasitol 1957; 43(4): 488-490

Al-Heali FM, Rahemo Z. The combined effect of two aqueous extracts on the growth of
Trichomonas vaginalis in vitro. Turkiye Parazitol Derg 2006; 30(4): 272-274.

Ortega-Barria E, Ward HD, Evans JE, Pereria ME. N acetyl-D glucosamine is present
in cysts and trophozoites of Giardia lamblia and serves as receptor for wheat germ
agglutinin. Mol Biochem Parasitol 1990; 43(2): 151-166.



A.M.D. Tonkal

Ali NM. [n vitro activity of commercially available Egyptian propolis on Trichomonas
vaginalis. N Egypt J Med 2007; 36(1): 7-15.

Palmas C, Wakelin D, Gabriele F. Transfer of immunity against Hymenolepis nana in
mice with lymphoid cells or serum from infected donors. Parasitol 1984; 89: 287-293.

Madico G, Quinn TC, Rompalo A, McKee KT, Gaydos CA. Diagnosis of Trichomonas
vaginalis infection by PCR using vaginal swab samples. J Clin Microbiol 1998; 36(11):
3205-3210.

Narcisi EM, Secor WE. In vitro effect of tinidazole and furazolidone on metronidazole-
resistant Trichomonas vaginalis. Antimicrob Agents Chemother 1996; 40(5): 1121-1125.

Grant H, Mahanty S, Khadir A, Maclean D, Kokostin E, Yeager B, Joseph L, Diaz J,
Gottuzzo E, Mainville N, Ward B. Wheat germ supplement reduces cyst and trophozoite
passage in people with giardiasis. Am J Trop Med Hyg 2001; 65(6): 705-710.

Thabet HS, Abdel-Fattah NS. [n vitro effect of propolis versus wheat germ agglutinin on
growth and adherence of an Egyptian Giardia lamblia trophozoite strain. New Egypt J Med
2006; 35(1): 30-37.

Kuhls TL, Mosier DA, Crawford DL. Effects of carbohydrates and lectins on
cryptosporidial sporozoite penetration of cultured cell monolayers. J Protozool 1991,
38(6): 74S-76S.

Gillin FD, Reiner DS, McCaffery JM. Cell biology of the primitive eukaryote Giardia
lamblia. Annu Rev Microbiol 1996; 50: 679-705.

Swamy SM, Tan BK. Cytotoxic and immunopotentiating effects of ethanolic extract of
Nigella sativa L. seeds. J Ethnopharmacol 2000; 70(1): 1-7.

Mutabagani A, EI-Mahdy SA. Study of the anti-inflammatory activity of Nigella sativa L
and thymoquinone in rats. Saudi Pharm J 1997;5(2): 110-113.

Worthen DR, Ghosheh OA, Crooks PA. The in vitro anti-tumor activity of some crude
and purified compounds of black seed, Nigella sativa L. Anticancer Res 1998; 18(3a):
1527-1532.

Al-Awadi FM, Gumma KA. Studies on the activity of individual plants of an anti-diabetic
plant mixture. Acta Diabetol Lat 1987; 24(1): 37-41

Elias JA, Lee CG, Zheng T, Ma B, Homer RJ, Zhu Z. New insights into the
pathogenesis of asthma. J Clin Invest 2003; 111(3): 291-297.

Abdullah HA, Zainal-Abidin BA. [n vivo anti-malarial tests of Nigella sativa (black seed)
different extracts. Am J Pharmacol Toxicol 2007;2(2): 46-50.

Akhtar MS, Rifaat S. Field trial of Saussurea lappa roots against nematods and Nigella
sativa seeds against cestodes in children. J Pakistan Med Ass 1991; 41(8): 185-187.
Agarwal R, Kharya MD, Shrivastava R. Antimicrobial and anthelminitic activities of the
essential oil of Nigella sativa. Linn Indian J Exp Biol 1979; 17: 1264-1265.

Azza MM, Nadia MM, Sohair SM. Sativa seeds against Schistosoma mansoni different
stages. Mem Inst Oswaldo Cruz Rio de Janeiro 2005; 100(2): 205-211.

Haq A, Lobob PI, Al-Tufailc M, Ramaa NR, and Al-Sedairya ST. Immunomodulatory
effect of Nigella sativa proteins fractionated by ion exchange chromatography. Int J
Immunopharmacol 1999;21: 283-295

Mahmood MS, Gilani AH, Khwaja A, Rashid A, Ashfaq MK. The in vitro effect of

aqueous extract of Nigella sativa seeds on nitric oxide production. Phytother Res 2003;
17(8): 921-924.



In Vitro Antitrichomonal Effect of Nigella Sativa... 33

[54] McDonald TT, Spencer C. Evidence that activated mucosal T-cells play a role in
pathogenesis of enteropathy in human small intestine. J Exp Med 1988; 167(4): 1341-
1349.

[55] Muraille E, Pajak B, Urbain J, Leo O. Carbohydrade bearing cell surface receptor
involved in innate immunity interleukin-12 induction by mitogenic and non mitogenic
lectins. Cell Immunnol 1999; 191(1): 1-9.



4 A.M.D. Tonkal

el 5 el gl Al 00 Sl aliid) il
A il il sall e)al ) Juahall e 5kl o g al

JSE5 2 gld daaa Al A
i jellve cllod) deals ¢ ubll LIS cdub) SLLLY auid
L0 el 4y poll 4<Laal) ¢ 5aa

ol el ST e anl s Ay pedll Gy sall oy iiey L aliiuall
il Jouig el Jlie dinyy allall 3 Gis 4 gl 2Ll
Juhall yedal a8y oy el iy sl ela 20kl Agllad il ]
Caags Al oda el aien ) ALYl conm daglia
sl mall e IO e Ll Ll e st
By s o elagadl dall Hoad Al paladiud) 5 o 5l
(i ial) el Tafiall il e 3 et sl Jidla
SO0 G aas WS e all dla o3 Ladd il of s
Jafel s Sae Yoo oIS ol aginall el Cuadl oY)
O s sisall Cupadd) V1 58 55 ASLiaal) <l 8 aen
e dB e sa o) e Aol YE e defala S 0n
Jaf ) s Se Y0 e e ol 13858 el 0 3 sisal
Alaall e dela VY an Jofal s S VY 5 ddelu €A 2y
gl G oalid ool agioal) mdll e J e sa Laiy
20 V) Qb gb e Uiseo |3 el aly cJuiball sail JalS
iSjn bale (S, cibd i)l s of WS Ldels €A
Al sy ool asioall ) dlasiul ekl .kl
GV Lee e el il sall ela 23le L sac) 5 il ol sudl

oxhal) ddiell Gladladl daal




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


