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ABSTRACT

Background: Blastocystis spp. are protozoan parasites that cause a wide range of gastrointestinal manifestations
and is incriminated of being a possible element in the development of irritable bowel diseases as well as colorectal
carcinoma. Metronidazole (MTZ) is commonly prescribed for treatment of blastocystosis. However, the reported
increase in MTZ resistant parasites and undesirable side effects make the search for an alternative a priority. Syzygium
aromaticum-eugenol rich essential oil has been widely investigated for its medicinal properties.

Objective: The present study was carried out to investigate the in vitro effects of S. aromaticum-eugeonl rich essential
oil on Blastocystis spp. in vitro.

Material and Methods: Stool samples were collected from patients complaining of diarrhea, referred for stool
examination to the Research and Diagnostic Laboratory Unit of the Parasitology Department, Faculty of Medicine,
Ain Shams University. Microscopically, positive stool samples for Blastocystis spp. were cultured. Compared with
MTZ, the effects of different concentrations of S. aromaticum essential oil on the viability of Blastocystis spp., tested
by trypan blue dye, at different time points were evaluated. The diameter of Blastocystis treated with S. aromaticum
essential oil, MTZ and untreated parasite control was measured.

Results: The minimal lethal concentrations for S. aromaticum were 300 pg/ml at 24 h, 200 pg/ml at 48 h, 100 ug/ml
at 72 h and 50 ug/ml at 96 h, as compared to MTZ 1 mg/ml that did not induce complete inhibition till the end of the
studied intervals. Notable shrinkage in the size of Blastocystis-treated with S. aromaticum, was significantly smaller
than that of parasite control.

Conclusion: These results highly suggest that S. aromaticum essential oil may be a promising and safe agent for
treatment of blastocystosis.
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INTRODUCTION about the response of blastocystosis to MTZ treatment
emerged, with efficacy rates ranging from 0% to
Blastocystis spp. are protozoan inhabiting the 100%!(10-12,
gastrointestinal tract, with an incidence usually
reaching 5% in developed countries, exceeding 40% In this context, there is a need for new therapeutic
in individuals with chronic gastrointestinal illness, agents against blastocystosis with high effectiveness
and can reach up 76% in developing countries!Z. and low toxicity. In recent times, the study of plants
Infection with Blastocystis spp. can be detected in used by traditional medicine is a mean of alternative
stool samples of asymptomatic individuals or patients treatment, and several anti-parasitic properties of
complaining of diarrheal®l. However, as the data natural products have been identified®. Of those
depend on methods used for diagnosis, blastocystosis natural products is Syzygium aromaticum eugenol rich
is likely underestimated™. Currently, Blastocystis spp. essential oil. Commonly known as clove, it is native
are included in WHO water sanitation programs®l. to tropical America and Australia™. The oil extract
It has been linked to the increased risk of allergic has been widely investigated due to its availability
skin manifestations®, and inflammatory bowel and high essential-oil contents, and has long been
diseasel'; recently, a relation between blastocystosis considered to have medicinal properties™, including
and development of irritable bowel syndrome was anti-bacterial™®, anti-trypanosomal®’, and anti-
reported”. Colorectal carcinoma was also linked to malarial actions*®.. Islamuddin et al.? reported that
blastocystosist®, as solubilized antigen of Blastocystis S. aromaticum essential oil induced apoptosis in L.
spp. was reported to promote the growth of human donovani promastigotes. Additionally, it was found to
colorectal cancer cellsPl. Thus, therapy of blastocystosis have anti-Giardia activity™. S. aromaticum essential
is required to avoid or reduce the development of its oil medicinal actions were attributed to the major
possible complications. Lately, contradictory findings component ‘eugenol’, that constitutes 89% of the oil(2!l.
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Based on the reported anti-protozoal activities
of S. aromaticum essential oil, we were encouraged
to assess its in vitro effect on Blastocystis spp. As far
as we know, this is the first report demonstrating
the potential anti-Blastocystis spp. activity of S.
aromaticum essential oil.

MATERIAL AND METHODS

This descriptive analytical study was conducted
at the Research and Diagnostic Laboratory Unit of the
Parasitology Department, Faculty of Medicine, Ain
Shams University, during the period from September,
2018 to January, 2019.

Stool collection and examination: Blastocystis was
obtained from fecal samples of patients complaining
of diarrhea, referred for stool examination to the
Research and Diagnostic Laboratory Unit of the
Parasitology Department, Faculty of Medicine, Ain
Shams University. Stool specimens were examined
for intestinal parasites immediately after collection by
direct saline and lugol's iodine wet mount.

Invitro cultivation: Positive specimens for Blastocystis
spp. were isolated in vitro by inoculation of ~50 mg of
positive stool samples into NIH modification of Boeck
Drbohlav biphasic mediumf??. The cultures were
incubated at 37°C and examined every 24 h by inverted
microscope under x10 and x40 magnifications for
Blastocystis growth. Subsequently, positive parasites
culture was maintained in the laboratory by sub-
culturing every 48 h when organisms were in the log
phase of growth.

Materials: S. aromaticum-eugenol rich essential oil
was purchased from Starwest Botanicals, Inc., Canada
SKU-442060-01, and diluted in dimethylsulfoxide
0.2% (DMSO; Sigma-Aldrich). MTZ was supplied as
250-mg tablets (Flagyl, Sanofi-Aventis, Egypt). Tablets
were dissolved in 250 ml of sterile distilled water, and
stored in a dark bottle at 4°C till usel??,

Determination of MLCs: The anti-Blastocystis activity
ofthetested plantmaterial was compared withMTZ asa
reference antiprotozoal drug?¥. Blastocystis inoculum
of 2x10° parasites/ml from cultures in the log phase
was introduced into each set of biphasic culture media
tubes and incubated for 24 h prior to introduction
of the different concentrations of S. aromaticum
essential oil and MTZ to study parasite growth and
viability. Untreated parasite control, solvent control
and negative control were included in the experiment.
Parasites were challenged with graded concentrations
of S. aromaticum essential oil (300, 200, 100, 50, 25
pg/ml), and MTZ (500 pg/ml and 1 mg/ml). The tested
cultures were examined at 24, 48, 72 and 96 h. The
minimal lethal concentrations (MLCs) was considered

as the lowest drug concentration needed to reach the
maximum reduction of growth and multiplication of
the parasite in vitro up to no growth?, MLCs of S.
aromaticum essential oil (300, 200, 100, 50, 25 pg/
ml) and MTZ were determined by parasite counting.
The experiment was performed twice in triplicate for
each group, cultures containing non-viable cysts were
re-inoculated in fresh culture tube, incubated at 37°C
for additional 96 h and examined to detect any viable
parasite.

Parasite counting: Ten ul of 0.4% Trypan blue dye
were added to the same amount of cells and incubated
for 5 min at 30°C. Unstained (viable) parasites, were
counted after 24, 48, 72 and 96 h using a Neubauer
cell counting chamber (Hausser Scientific, Horsham,
PA, USA)¢, Mean parasitic counts were calculated
and the distribution percentage of different
morphological forms vacuolar, granular, cyst and
dividing or amoeboid forms were determined in each
group. An estimate of 100 cells were examined along
the different time intervals for each group and the
average of percentages at all intervals were calculated
for all studied groups?7.

Percentage of inhibition of Blastocystis
multiplication was calculated according to the
equation?®: [(a-b)/a]x100, where a = mean number
of organism in control tubes and b = mean number
of organism in treated culture tubes. MLCs were
determined by transfer of a drop of sediment from
all tubes showing no viable parasite into fresh
medication-free medium to assess viability. MLC was
confirmed by absence of viable parasites after the
tubes were examined for 4 d to determine whether the
parasite growth resumed?”.

Diameter estimation: The diameter of Blastocystis
treated with S. aromaticum essential oil, MTZ and
untreated parasite control was measured by means of
eyepiece graticule and stage micrometer; the average
size of parasites/4 fields was determined for each
groupll,

Statistical analysis: Data were analyzed using SPSS
version 19 for Windows (SPSS Inc., Chicago, IL, USA).
Data were presented as the mean+SD of triplicates
percent of growth inhibition. The mean numbers were
compared at the same time interval using student’s t
test, the difference was considered significant when
the P value was <0.05.

Ethical consideration: An informed consent was
obtained from all patients after explaining the aim
of the study to them. The study was approved by the
Research Ethics Committee, Faculty of Medicine, Ain
Shams University. Patients with positive results were
referred to the physician with laboratory reports to
start treatment.
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RESULTS

S. aromaticum treated Blastocystis cultures
showed 100% inhibition of the parasitic growth with
concentration of 300 pg/ml after 24 h. incubation, and
96.2% inhibition with concentration of 200 pg/ml after
24 h, progressing to complete inhibition of growth
after 48 h. With concentration of 100 pg/ml, 95.1 %
inhibition was observed after 24 h, progressing to
100% inhibitionat 72 h,89.75% and 89.1% inhibition at
concentrations of 50 pg/ml and 25 pg/ml respectively
at 24 h; and reaching complete and 96% inhibitions at
concentrations of 50 pg/ml and 25 pg/ml, respectively
after 96 h (Figure 1). All tested S. aromaticum essential
oil concentrations gave lower means of parasite count
that showed significant differences as compared to
MTZ, and parasite control (Table 1). Minimal lethal
concentrations of S. aromaticum essential oil were 300
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100%
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==ge==Parasite control ==g==Solvent control

60%

mge=S.a 100 ug/ml

40%

20%

0% ® -
24h 48h

- -t
72h 96 h

=i==MTZ 1 mg/ml

pg/ml, 200 pg/ml, 100 ug/ml and 50 pg/ml at 24, 48, 72
and 96 h, respectively (Table 1). Viability was assessed
by Trypan blue exclusion dye stain where non-viable
parasites stained blue and viable parasites remained
unstained (Figure 2 a, b and c).

Different morphological forms of Blastocystis were
encountered including vacuolar, granular, amoeboid as
well as dividing forms (Figure 2 a-f). The vacuolar form
was the most abundant among all forms in the studied
groups (Figure 3). The mean diameters of Blastocystis
treated by S. aromaticum essential oil showed highly
significant difference as compared to the mean diameter
of parasite control along the studied intervals with
all tested concentrations. One way ANOVA revealed
no significant differences within the group along the
duration of the study (Table 2 and Figure 4).

MTZ 500 ug/ml
—i==S.a 25 ug/ml S.a 50 ug/ml

i S.a 200 mg/ml  s=gg==S.a 300 ug/ml

Fig. 1. Percentage of growth inhibition of Blastocystis spp. in culture medium after exposure to different concentrations of S.

aromaticum (S.a) essential oil, and MTZ at 24, 48, 72 and 96 h.

Table 1. Effect of S. aromaticum essential oil on the in vitro growth of Blastocystis spp. (2x10°) at different incubation periods.

Time interval

24 h (Mean+SD) 48 h (Mean%SD) 72 h (MeanzSD) 96 h (Mean+SD)
Control
Parasite 86.3 +£3.05 74.0 £ 4.4 66.0+79 52.5+9.8
Solvent 86.0+1.0% @ 726 £25%* 643 +50* 524 +11.7*
MTZ
500 pg/ml 85.0+1.0* 723 +£0.57* 65.0+2.0* 51.8+10*
1 mg/ml 57.9 £ 8.7 ** 249 + 5.4 ** 20.3+16.0 ** 183 £4.2**

S. aromaticum-eugenol rich essential oil
300 pg/ml
200 pg/ml
100 pg/ml
50 pg/ml
250 pg/ml

0.00 + 0.00 **, @
3.40 £ 0.60 **, @
4.16+0.87 **, @
8.58 £2.10 **, @
12.0 +£4.30 **, @

0.00 £ 0.00 **, @
0.00 £ 0.00 **, @
1.30 £ 0.50 **, @
270+ 1.25** @
6.16 £0.90 ** @

0.00 £ 0.00 **, @
0.00 £ 0.00 **, @
0.00 £ 0.00 **, @
0.30£0.38 **, @
3.75+£0.66 **, @

0.00 £ 0.00 **, @
0.00 £ 0.00 **, @
0.00 £ 0.00 **, @
0.00 £ 0.00 **, @
1.90£0.14 **, @

SD: Standard of deviation, MTZ: Metronidazole.

*No significant difference, **Significant difference as compared to parasite control, @ Significant difference as compared to MTZ (1

mg/ml).
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Fig. 3. Average percentage of Blastocystis spp. different forms distribution in different groups.

Table 2. Mean diameter (um) of S. aromaticum-essential oil treated Blastocystis spp., MTZ treated and parasite control at
different incubation periods.

Time interval Statistical analysis

One-way ANOVA

24h 48 h 72h 96 h
Mean +SD Mean +SD Mean +SD Mean +SD X squares Pvalue

Control

Parasite 13.0 +2.62 13.0 £ 2.62 13.0 +2.62 12.6 +1.92 170.7169 0.9865 *

Solvent 13.1+2.75*% 129+236* 12.8+2.12* 12.8+2.12* 150.2169 0.9957 *
MTZ (1 mg/ml) 10.0+x1.30** 9.75+1.16** 9.75+1.16 ** 9.5 £9.26%* 38 0.85*
S. aromaticum-eugenol rich essential oil

300 pg/ml 489+136*  4.87+139* 4.67 £1.32** 4.78 £1.20 ** 57.6405 0.9819 *

200 pg/ml 4.78 £0.97 ** 456 +1.13 ** 4.89 +1.05 ** 4.89 £ 1.27 ** 43.2211 0.9360 *

100 pg/ml 511+0.78**  4.89 +1.05** 4.67 £1.00 ** 5.10 + 1.00 ** 30.7495 0.7907 *

50 pg/ml 483+1.05* 511+1.27** 4.56 £1.01** 4.67 £1.12** 44.7484 0.7501 *

250 pg/ml 556 +1.13** 500+ 1.41** 4.89 +£1.27 ** 511+ 1.17 ** 52.3065 0.6904 *

SD: Standard of deviation, MTZ: Metronidazole.
*1 No significant difference, ** Significant difference as compared to parasite control.
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DISCUSSION

The present study was carried out to evaluate
the effects of S. aromaticum-eugenol rich essential
oil against Blastocystis spp. Different concentrations
were evaluated in comparison to parasite control
and MTZ control. Our results demonstrated complete
inhibition of Blastocystis viability in cultures treated
with the concentration of 300 pg/ml after 24 h
incubation. In correlation Machado et al.,? reported
significant reduction of G. lamblia proliferation using
S. aromaticum essential oil at a concentration higher
than 200 pg/ml. Also in the present work, a significant
96.2% inhibition of the parasitic growth was observed
with the concentration of 200 pg/ml after 24 h which
progressed to complete inhibition of growth after 48
h. A significant inhibition of 95.1% was additionally
observed with concentration of 100 pg/ml after 24 h,
which also progressed to complete inhibition at 72h. In
accordance, Ueda-Nakamura et al.,BY reported 100%
inhibition of L. amazonensis with the concentration of
100 pg/ml. We observed growth inhibition of 89.75%
and 89.1% of Blastocystis spp. with the concentrations
of 50 pg/ml and 25 pg/ml at 24 h, reaching up to
100% and 96% inhibition respectively at 96 h. That
inhibition of viability was significantly higher than that
of MTZ, which gave 32.8% inhibition at 24 h, and 65%
inhibition at 96 h.

S. aromaticum essential oil inhibition of viability
showed significant difference when compared to
parasite control along the studied intervals. MLCs
of S. aromaticum essential oil were 300 pg/ml, 200
pug/ml, 100 pg/ml and 50 pg/ml at 24, 48, 72 and 96
h respectively. Yakoob et al,®? tested other natural
agents as garlic, ginger, black pepper, and white cumin
for treatment of blastocystosis. In contrast to the
viability results in our study, they reported that garlic
and MTZ were equally effective, though the inhibitory
effect reported in that study was 38% for MTZ and 44%
for garlic. In addition, the tested Blastocystis isolates
did not show any sensitivity to the other tested herbs.

Fig. 4. Variation in diameter of vacular form Blastocystis
spp., between untreated parasite control (A, B, and C) and
S. aromaticum treated (D, and E), measured by eyepiece
graticule callibrated with stage micrometer. (x1000).

A number of drugs have been used for treatment of
blastocystosis, but they produced variable rates of cure.
Although, MTZ is the most commonly utilized drug
for blastocystosis, still, different Blastocystis isolates
from different localities were reported to possess
varying degrees of resistance to MTZ[?, In the present
study the concentration of 1 mg/ml of MTZ was used
according to Haresh et al.,?® who reported resistance to
MTZ with concentrations up to 10 mg/ml. In our study
initial evaluation of the concentration of 500 pg/ml
MTZ did not show significant inhibition on the viability
of tested isolate. That was also observed by El Deeb
et al,® who used MTZ at concentration of 500 pg/ml
against Egyptian isolates, with incomplete inhibition of
growth at lower concentrations. Bearing in mind the
resistance to MTZ and its side effects, especially with
higher doses, the control of blastocystosis constitutes
a challenge. Investigation of the antiprotozoal activity
of S. aromaticum essential oil against Leishmania by
Coelho et al.,* showed that eugenol component of S.
aromaticum inhibits leishmanial cysteine proteases,
which are vital in several aspects of protozoa life
cycleB®],  Furthermore, a surface-located cysteine
protease was shown to be involved in the pro-survival
role of B. legumain subtype 70¢. Accordingly, the
inhibitory effect of S. aromaticum essential oil observed
in our study could be attributed to the ability of eugenol
to inhibit cysteine protease’s activity of Blastocystis
spp. Another proposed mechanism of action of S.
aromaticum-eugenol rich essential oil that could explain
its influence on Blastocystis growth and viability is its
ability to disrupt the cell wall, encourage cell leakage,
increase cell permeability and cell shrinkage as
observed with Candida albicans®", Proteus vulgaris and
E. coli®®. This would explain the notable decrease in
size of S. aromaticum treated Blastocystis in the current
work to about 4.6-5.1 pm in comparison to 13 um for
untreated control. Size shrinkage was also reported
with MTZ treated Blastocystis?®*°. The observed
reduction in cell diameter is one of the hallmarks of
programed cell death®, and as clarified by Lee et al.,*!
cell shrinkage is associated with inhibition of biomass
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production, and is controlled by ion movement and
ion channel regulation. Disruption of cells leads to
shrinkage, inability of cells to maintain a volume
balance causing outflow of intracellular contents and
loss of cell volume. Additionally, modifications of the
cell shape and inhibition of G. lamblia trophozoites
adherence were also reported when treated by S.
aromaticum essential 0il?%,

Different morphological forms of Blastocystis spp.
were encountered in the present study, though the
vacuolar form was the most abundant among all studied
groups, reaching to 92% in parasite control and 89% in
S. aromaticum-300 pg/ml treated culture. The granular
form, followed representing 11% in 300 pg/ml treated
culture and 2% in parasite control. There was also a
belief that the presence of granular form is the result of
a triggering mechanism for apoptotic body deposition
in Blastocystis central body, undergoing programmed
cell death™?., Stressful conditions have been reported to
increase the number of granular forms®. As regard the
cyst form it was not encountered in any of our studied
groups in agreement with Yamada and Yoshikawa™
who stated that the cyst form is mainly seen in fresh
stool samples and rarely found in cultures. Concerning
the safe use of S. aromaticum essential oil it was
reported that it did not cause alteration of the viability
of mammalian cells when compared to control cells?°,
It is generally recognized as a safe substance when
consumed in concentrations lower than 1500 mg/kg**.
Indeed, the World Health Organization established that
the daily quantity acceptable of S. aromaticum essential
oil per day in humans is about 2.5 mg/kg of weight™,

It can therefore be concluded that the results of our
study highlighted that S. aromaticum essential oil has
a potent lethal effect on Blastocystis spp., as compared
to MTZ, introducing an innovative mean for a new safe
and effective therapeutic product.

Conflict of interest: There is no conflict of interest.

Financial support and sponsorship: Nil.

REFERENCES

1. Dogruman-Al F Simsek Z, Boorom K, Ekici E,
Sahin M, Tuncer C, et al. Comparison of methods
for detection of Blastocystis infection in routinely
submitted stool samples, and also in IBS/IBD
Patients in Ankara, Turkey. PLoS One 2010; 5: 1-7.

2. Windsor ]]J, Bamber Al, Macfarlane L. Detection
of Dientamoeba fragilis and Blastocystis hominis
using a simple staining method. Br ] Biomed Sci
2006; 63: 27-28.

3. Poirier b Wawrzyniak|, Albert A, El Alaoui H, Delbac
F, Livrelli V. Development and evaluation of a real-
time PCR assay for detection and quantification
of Blastocystis parasites in human stool samples:

10.

11.

12.

13.

14.

15.

16.

17.

prospective study of patients with hematological
malignancies. ] Clin Microbiol 2011; 49: 975-983.
Batista L, Pérez Jove ], Rosinach M, Gonzalo V, Sainz
E, Loras C, et al. Escasa eficacia de metronidazol en
la erradicacion de Blastocystis hominis en pacientes
sintomaticos: serie de casos y revision sistematica
de la literatura. Gastroenterol Hepatol 2017; 40:
381-387.

WHO. Guidelines for drinking-water quality, 3rd
edition: Volume 1 - Recommendations 2018. WHO.
Verma R, Delfanian K. Blastocystis hominis
associated acute urticaria. Am ] Med Sci 2013; 346:
80-81.

Roberts T, Bush S, Ellis ], Harkness ], Stark D. In vitro
antimicrobial susceptibility patterns of Blastocystis.
Antimicrob Agents Chemother 2015; 59: 4417-23.
Mohamed AM, Ahmed MA, Ahmed SA, Al-Semany
SA, Alghamdi SS, Zaglool DA. Predominance and
association risk of Blastocystis hominis subtype I in
colorectal cancer: a case control study. Infect Agent
Cancer 2017; 12: 21-29.

Chandramathi S, Suresh K, Kuppusamy UR.
Solubilized antigen of Blastocystis hominis
facilitates the growth of human colorectal cancer
cells, HCT116. Parasitol Res 2010; 106: 941-945.
Stensvold CR, Arendrup MC, Nielsen HV, Bada
A, Thorsen S. Symptomatic infection with
Blastocystis sp. subtype 8 successfully treated with
trimethoprim-sulfamethoxazole. Ann Trop Med
Parasitol 2008; 102: 271-274.

Moghaddam DD, Ghadirian E, Azami M.
Blastocystis hominis and the evaluation of
efficacy of metronidazole and trimethoprim/
sulfamethoxazole. Parasitol Res 2005; 96: 273-275.
Yakoob ], Jafri W, Jafri N, Khan R, Islam M, Beg MA,
et al. Irritable bowel syndrome: in search of an
etiology: role of Blastocystis hominis. Am | Trop
Med Hyg 2004; 70: 383-385.

Kayser O, Kiderlen AF, Croft SL. Natural products
as antiparasitic drugs. Parasitol Res 2003; 90:
S55-562.

Mishra RK, Singh SK. Safety assessment of Syzygium
aromaticum flower bud (clove) extract with respect
to testicular function in mice. Food Chem Toxicol
2008; 46: 3333-3338.

Chaieb K, Hajlaoui H, Zmantar T, Kahla-Nakbi A
Ben, Rouabhia M, Mahdouani K, et al. The chemical
composition and biological activity of clove
essential oil, Eugenia caryophyllata (Syzygium
aromaticum L. Myrtaceae): a short review. Phyther
Res 2007; 21: 501-506.

Burt SA, Reinders RD. Antibacterial activity of
selected plant essential oils against Escherichia coli
0157:H7. Lett Appl Microbiol 2003; 36: 162-167.
Santoro GF, Cardoso MG, Guimaries LGL, Mendonca
LZ, Soares M]. Trypanosoma cruzi: Activity of
essential oils from Achillea millefolium L., Syzygium
aromaticum L. and Ocimum basilicum L. on
epimastigotes and trypomastigotes. Exp Parasitol
2007; 116: 283-290.

66



Herbal medicine for blastocystosis Ezz Eldin

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Bagavan A, Rahuman AA, Kamaraj C, Elango G,
Zahir AA, Jayaseelan C, et al. Contact and fumigant
toxicity of hexane flower bud extract of Syzygium
aromaticum and its compounds against Pediculus
humanus capitis (Phthiraptera: Pediculidae).
Parasitol Res 2011; 109: 1329-1340.

Islamuddin M, Sahal D, Afrin F. Apoptosis-like death
in Leishmania donovani promastigotes induced by
eugenol-rich oil of Syzygium aromaticum. ] Med
Microbiol 2014; 63: 74-85.

Machado M, Dinis AM, Salgueiro L, Custédio JBA,
Cavaleiro C, Sousa MC. Anti-Giardia activity of
Syzygium aromaticum essential oil and eugenol:
Effects on growth, viability, adherence and
ultrastructure. Exp Parasitol 2011; 127: 732-739.
Jirovetz L, Buchbauer G, Stoilova I, Stoyanova A,
Krastanov A, Schmidt E. Chemical composition and
antioxidant properties of clove leaf essential oil. ]
Agric Food Chem 2006; 54: 6303-6307.

Clark CG, Diamond LS. Methods for cultivation of
luminal parasitic protists of clinical importance.
Clin Microbiol Rev 2002; 15: 329-341.

Haresh K, Suresh K, Khairul Anus A, Saminathan
S. Isolate resistance of Blastocystis hominis to
metronidazole. Trop Med Int Health 1999; 4: 274-
277.

Sawangjaroen N, Sawangjaroen K. The effects of
extracts from anti-diarrheic Thai medicinal plants
on the in vitro growth of the intestinal protozoa
parasite: Blastocystis hominis. ] Ethnopharmacol
2005; 98: 67-72.

Meri T, Jokiranta TS, Suhonen L, Meri S. Resistance
of Trichomonas vaginalis to metronidazole:
report of the first three cases from Finland and
optimization of in vitro susceptibility testing under
various oxygen concentrations. ] Clin Microbiol
2000; 38: 763-767.

Dhurga DB, Suresh K, Tan TC. Granular formation
during apoptosis in Blastocystis sp. exposed to
metronidazole (MTZ). PLoS One 2016; 11: 1-18.
Irikov OA, Antokhin Al, Romanov YA. Study of the
dynamics of Blastocystis hominis reproduction in
vitro. Bull Exp Biol Med 2009; 148: 99-102.

Palmas C, Wakelin D, Gabriele F. Transfer of
immunity against Hymenolepis nana in mice with
lymphoid cells or serum from infected donors.
Parasitology 1984; 89(2): 287-293.

Vital PG, Rivera WL. Antimicrobial activity,
cytotoxicity, and phytochemical screening of
Voacanga globosa (Blanco) Merr leaf extract
(Apocynaceae). Asian Pac ] Trop Med 2011; 4: 824-
828.

King TJ, Reiss M, Roberts MBV, Michael BV. Practical
advanced biology. Nelson Thornes, 2001.
Ueda-Nakamura T, Mendonga-Filho RR, Morgado-
Diaz JA, Korehisa Maza P, Prado Dias FB, Aparicio
GCD, et al. Antileishmanial activity of eugenol-rich

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

essential oil from Ocimum gratissimum. Parasitol
Int 2006; 55: 99-105.

Yakoob ], Abbas Z, Beg MA, Naz S, Awan S, Hamid
S, et al. In vitro sensitivity of Blastocystis hominis to
garlic, ginger, white cumin, and black pepper used
in diet. Parasitol Res 2011; 109: 379-385.

El Deeb HK, Al Khadrawy FM, El-Hameid
AKA. Inhibitory effect of Ferula asafoetida L.
(Umbelliferae) on Blastocystis sp. subtype 3 growth
in vitro. Parasitol Res 2012; 111: 1213-1221.
Coelho C, dos Santos T, Freitas P, Nunes ], Marques
M, Padovani C, et al. Design, synthesis, biological
evaluation and molecular modeling studies of
novel eugenol esters as leishmanicidal agents. ]
Braz Chem Soc 2017; 29: 715-728.

Siqueira-Neto JL, Debnath A, McCall L-I, Bernatchez
JA, Ndao M, Reed SL, et al. Cysteine proteases in
protozoan parasites. PLoS Negl Trop Dis 2018; 12:
1-20.

Wu B, Yin ], Texier C, Roussel M, Tan KS-W.
Blastocystislegumain is localized on the cell surface,
and specific inhibition of its activity implicates a
pro-survival role for the enzyme. ] Biol Chem 2010;
285:1790-1798.

Latifah-Munirah B, Himratul-Aznita WH, Mohd
Zain N. Eugenol, an essential oil of clove, causes
disruption to the cell wall of Candida albicans
(ATCC 14053). Front Life Sci 2015; 8: 231-240.
Nejad SM, Ozgunes H, Basaran N. Pharmacological
and toxicological properties of eugenol. Turkish ]
Pharm Sci 2017; 14: 201-207.

Nasirudeen AMA, Hian YE, Singh M, Tan KSW.
Metronidazole induces programmed cell death
in the protozoan parasite Blastocystis hominis.
Microbiology 2004; 150: 33-43.

Elmore S. Apoptosis: a review of programmed cell
death. Toxicol Pathol 2007; 35: 495-516.

Lee H, Woo E-R, Lee DG. Apigenin induces cell
shrinkage in Candida albicans by membrane
perturbation. FEMS Yeast Res 2018; 18: 1-9.
Taylor-Brown E, Hurd H. The first suicides: a legacy
inherited by parasitic protozoans from prokaryote
ancestors. Parasit Vectors 2013; 6: 108-122.
Yamada M, Yoshikawa H. Morphology of human
and animal Blastocystis isolates with special
reference to reproductive modes. Springer, Berlin,
Heidelberg, pp. 9-35.

Cortés-Rojas DF, de Souza CREF, Oliveira WP. Clove
(Syzygium aromaticum): a precious spice. Asian
Pac ] Trop Biomed 2014; 4: 90-96.

Adefegha SA, Oboh G, Adefegha OM, Boligon AA,
Athayde ML. Antihyperglycemic, hypolipidemic,
hepatoprotective and antioxidative effects of
dietary clove (Syzygium aromaticum) bud powder
in a high-fat diet/streptozotocin-induced diabetes
rat model. ] Sci Food Agric 2014; 94: 2726-2737.

67



