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Abstract Fasciolosis is of considerable economic and
public health importance worldwide. Little information is
available on the ovicidal effects of anthelminthic drugs.
The use of ovicidal anthelmintics can be effective in dis-
ease control. In this study, the effectiveness of the metha-
nolic extract of ginger (Zingiber officinale) on the eggs of
Fasciola hepatica is investigated. Fasciola hepatica eggs
were obtained from the gall bladders of naturally infected
sheep and kept at 4 °C until use. The eggs were exposed to
varying concentrations of ginger extract (1, 5, 10, 25 and
50 mg/mL) for 24, 48 and 72 h. To investigate the effect of
the ginger extracts on the miracidial formation, the treated
eggs were incubated at 28 °C for 14 days. The results
indicated that F. hepatica eggs are susceptible to the
methanolic extract of Z. officinale. The ovicidal effect of
ginger extract at a concentration of 1 mg/mL with 24, 48
and 72 h treatment time was 46.08, 51.53 and 69.09 %
respectively (compared with 22.70 % for control group).
The ovicidal effect of ginger extract at a concentration of
5 mg/mL after 24 h was 98.84 %. One hundred percent
ovicidal efficacy was obtained through application of gin-
ger extract at concentrations of 5 and 10 mg/mL with a 48
and 24 h treatment time respectively. The in vitro ovicidal
effect of the methanolic extract of Z. officinale was satis-
factory in this study, however, in vivo efficacy of this
extract, remains for further investigation. To the best of our
knowledge, this is the first report on the ovicidal effect of
Z. officinale against F. hepatica eggs.
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Introduction

Fascioliasis is a parasitic disease caused by liver fluke species
of the genus Fasciola, with Fasciola hepatica as the main
cause because of its very wide distribution in Europe, Africa,
Asia, Oceania and the Americas. The disease is of well-known
veterinary importance and is an increasing human health
problem, with reported cases in the five continents (Mas-
Coma and Bargues 1997). Eradication of fasciolosis is rarely a
practical option and control needs to be focused on reduction
of the disease (Torgerson and Claxton 1999). Fasciolosis
control is almost exclusively carried out by strategic appli-
cations of a wide number of effective anthelmintics (Sanchez-
Andrade et al. 2001). Only triclabendazole is efficacious
against both pre-adults in hepatic parenchyma and adults in
the bile ducts (Boray et al. 1983; Perez et al. 2005). However,
the effectiveness of triclabendazole represents problems of
resistance (Fairweather and Boray 1999; Robinson et al. 2002;
Fairweather 2005; Fairweather 2009). The risk of appearance
of resistance to triclabendazole cannot be ignored, taking into
account: (i) the long-term veterinary use of triclabendazole for
livestock treatment in endemic areas; (ii) the tradition of
human self treatments with triclabendazole owing to the very
general availability of this drug; and (iii) the recent appearance
of triclabendazole resistance in the Old World (Mas-Coma
et al. 2005). New effective alternative treatment is extremely
important in today’s climate where species are becoming
resistant and there has been a resurgence in the use of natural
alternative therapies instead of synthetic pharmaceuticals that
often have severe side effects (Harris et al. 2000).
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Zingiber officinale Roscoe, commonly called ginger, is a
perennial plant with narrow, bright green, grass-like leaves
and yellowish green flowers with purple markings. Ginger
is cultivated in the tropics for its edible rhizome at
approximately 10 months of age, with the root stocks
serving a variety of purposes, including culinary and
medicinal (Grant 2000). Z. officinale is widely distributed
throughout the tropical and subtropical regions, particularly
on the West coast, South, North and Central India. It is
cultivated on a large scale in India, Bangladesh, Taiwan,
Nigeria, Sri Lanka and East Asiatic countries. Rhizomes
are aromatic, thick lobed and pale yellowish. The family
Zingiberaceae contains a variety of compounds which have
shown insecticidal, oviposition, antifeedant, growth regu-
lating, reducing fecundity, development modifying prop-
erties and repellent activity against many tested insects
(Abdul Rahuman et al. 2008).

Scientific reports show that Z. officinale has carminative,
antipyretic, anticancer, cardio tonic, antispasmodic, anti-
diabetic, antioxidant and antihepatotoxic activities. It also
ameliorates motion sickness and is a known thromboxane
synthesis and platelet aggregation inhibitor and diaphoretic
agent (Lakshmi and Sudhakar 2010). Except for albenda-
zole, which showed excellent ovicidal activity against
F.hepatica (Alvarez et al. 2009), ivermectin and artemether
(Diab et al. 2009) have been shown to have some ovicidal
activity against F. hepatica eggs, but to our knowledge, no
data on the ovicidal effect of triclabendazole and other
antihelmintic drugs against F.hepatica eggs is available.
The main goal of the current work was to evaluate the
potential of the methanolic extract of this herbal plant to
inhibit the miracidial development inside F. hepatica eggs.

Materials and methods
Bioassay

Fasciola hepatica eggs were exposed to ginger extract for
24, 48 and 72 h. Five concentrations (1, 5, 10, 25 and
50 mg/mL) of the ginger extract were used in this study.
The experiments were performed at 37 °C (close to the
normal body temperature for sheep). To determine the
ovicidal activity of ginger extract, the treated eggs were
incubated at 28 °C for 14 days and miracidial formation
was investigated under a light microscope.

Preparation of F. hepatica eggs

Gall bladders of sheep naturally infected with F. hepatica
were obtained from local abattoirs. The gall bladders were
taken to the laboratory within 2 h in the sterile glass con-
tainers. The bile was aseptically transferred into glass

cylinders and left to set for 30 min. The eggs settled at the
bottom of the cylinders. The supernatant was then removed
and the yielded eggs were washed several times using
normal saline; the eggs were finally transferred into a dark
glass container containing normal saline and stored at 4 °C
for further use.

Preparation of ginger extract

The fresh rhizomes of ginger were purchased from a local
herbal market in Shiraz (Iran). The rhizomes were sliced,
dried under shade for one week and powdered mechani-
cally using a commercial electric blender. To obtain the
methanolic extract, 100 g of dry ginger powder was added
to 400 mL of pure methanol and mixed gently for 1 h using
a magnetic stirrer. The obtained solution was left at room
temperature for 24 h. The solution was stirred again and
filtered using filter paper (Grade 1 Whatman cellulose filter
papers, Balstone, UK) and the solvent was then removed
by evaporation in a rotary evaporator. The remaining
semisolid material was then freeze-dried. The obtained
residue (4 g) was placed into a sterile glass container and
stored at 4 °C for further use (Moazeni and Nazer 2010).
To prepare the ginger extract solution at 1, 5, 10, 25 and
50 mg/mL concentrations, 0.01, 0.05, 0.1, 0.25 and 0.5 g
of dried extract was dissolved in 10 mL of distilled water,
respectively.

Ovicidal test

In this study, F.hepatica eggs were exposed to different
concentrations (1, 5, 10, 25 and 50 mg/mL) of ginger
extract at various times (24, 48 and 72 h). In each exper-
iment a drop of egg rich sediment containing at least 1,500
eggs was added to a test tube containing 10 mL of ginger
extract. The tubes were then incubated at 37 °C for 24, 48
and 72 h. Then, 9 mL of the upper part of the ginger
solution was removed with a pipette, avoiding the settled
eggs. Following several washes, the eggs of each tube were
transferred into special small plastic containers (Supa
Industries, Iran) containing 5 mL dechlorinated tap water.
The containers were then incubated at 28 °C for 14 days.
At the same time, one container at least 3,000 eggs with no
exposure to ginger extract was also incubated at 28 °C as a
control group. At the end of the incubation time, the eggs
were smeared on a manually scaled glass slide, covered
with a cover glass, and examined under a light microscope.
The ovicidal activity of the ginger extract was determined
by counting a minimum of 1,000 eggs (usually more than
1,500) in each experiment. The eggs were divided into
three groups: containing live miracidia (Fig. 1), containing
developing cells (Fig. 2) and the dead eggs (Fig. 3).
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Statistical analysis

Differences between the rate of miracidial formation in the
eggs treated with ginger extract and the untreated (control
group) eggs were analyzed with y? test. Statistical analysis
was performed with GraphPad InStat software and P values
less than 0.01 were considered to be significant.

Results

The results of the microscopic observations of the eggs
treated with ginger extract at different concentrations and
various exposure times (24, 48 and 72 h) are presented in
Tables 1, 2, 3 respectively. The miracidial formation
obtained for the untreated eggs (control group) was
68.95 %. As shown in Table 1, following 24 h of exposure,
the miracidial formation obtained for the eggs treated with
ginger extract at concentrations of 1 and 5 mg/mL was
52.28 % and 1.16 %respectively. In this exposure time, the
death rate in the eggs treated with ginger extract at con-
centrations of 10, 25 and 50 mg/mL was 100 %. In this
exposure time (24 h), the ovicidal activity in the treated
eggs, at all concentrations was increased significantly
compared to the control group (P < 0.01). Following 48 h
of exposure, the miracidial formation was slightly reduced
(47.82 %) by ginger extract at a concentration of 1 mg/mL
as compared with the control group (68.95 %) but no
miracidial formation was observed in the eggs treated with
ginger extract at concentrations of 5, 10, 25 and
50 mg mL~'(Table 2).

Following 72 h of exposure, the miracidial formation
obtained for the treated eggs at a concentration of 1 mg/mL
was 30.90 %, but no miracidial formation was observed in
the eggs treated with ginger extract at concentrations of 5,
10, 25 and 50 mg mL~! (Table 3). In this exposure time
(72 h), the difference in the rate of miracidial formation
between the eggs treated with ginger extract at a concen-
tration of 1 mg/mL and the untreated eggs (control group)
was extremely significant (P < 0.01).

Fig. 1 Eggs containing live I
miracidia
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Discussion

Several studies have been conducted to evaluate the ovi-
cidal activity of essential oils or the major components of
herbal plants against many insect species (Shaaya et al.
1993; Ho et al. 1997; Huang et al. 1997; Obeng-Ofori et al.
1997; Obeng-Ofori and Reichmuth 1997; Soliman and
Tewfieck 1999; Tunc et al. 2000). Some authors have
described the ovicidal activity of various herbal plants
against Haemonchus contortus. In an in vivo study of
gastrointestinal nematode-infected sheep, the papaya seed
extracts induced 80 % of egg hatching reduction on H.
contortus (Hounzangbe-Adote et al. 2001). Costa et al.
(2002) have reported that the seed ethanol extract of
Mangifera indica revealed 91 % effective inhibition of egg
hatching at 10 mg/mL on H. contortus. The seed aqueous
and hydroalcoholic crude extracts of Melia azedarach
showed 100 % inhibition of egg hatching at 12.5 mg/mL
against H. contortus (Kamaraj and Abdul Rahuman 2011).
To the best of our knowledge, no data on the ovicidal effect
of herbal plants against F. hepatica eggs is available. In
this study, the effectiveness of the methanolic extract of Z.
officinale on F. hepatica eggs was investigated.
According to the results of the present study, the ginger
extract at a concentration of 1 mg/mL, after 24, 48 and
72 h, reduced the miracidil formation rate of F. hepatica
eggs to 52.28, 47.82 and 30.90 % respectively (compared
with 68.95 % for control group). 5 mg/mL concentration of
the extract reduced the miracidial formation rate of the
eggs to 1.16 % with 24 h treatment time. However, with
this exposure time, the 10 mg/mL concentration of ginger
extract reduced the miracidial formation rate to 0 %. The
same efficacy with a concentration of 5 mg/mL was
obtained with 48 h exposure time. Our results indicated
that F. hepatica eggs are susceptible to the methanolic
extract of Z. officinale, and the ovicidal effect of ginger
extract at a concentration of 1 mg/mL after 24, 48 and 72 h
was 46.08, 51.53 and 69.09 % respectively (compared with
22.70 % for control group).The ovicidal effect of ginger
extract at a concentration of 5 mg/mL and 24 h treatment
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Fig. 2 Developing eggs 1

time was 98.84 %. One hundred percent ovicidal efficacy
was obtained through application of ginger extract at
concentrations of 10 and 5 mg/mL with 24 and 48 h
treatment time respectively.

Further chemical studies are needed to isolate the
organic compounds responsible for ovicidal activities pre-
sented in the rhizomes of Z. officinale. However, in vivo
ovicidal efficacy of ginger extract requires further investi-
gation as well. Based on the results presented in this work,
Z. officinale offers an opportunity for new compounds. In
fact, the potential flukicidal activity of the methanolic
Fig. 3 Dead eggs (arrows) extract of Z. officinale has not yet been investigated, and

Table 1 In vitro ovicidal effects of different concentrations of Zingiber officinale extract on F. hepatica eggs after 24 h of exposure

Concentration of ginger Examined eggs Miracidial formation after 14 days
extract (mg/ml) — - — — —

Eggs containing live miracidia Eggs containing no miracidia

Developing eggs Dead eggs

1 1,226 641 (52.28 %) 20 (1.63 %) 565 (46.08 %)
5 1,546 18 (1.16 %) 0 1,528 (98.84 %)
10 1,472 0 0 1,472 (100 %)
25 1,502 0 0 1,502 (100 %)
50 1,125 0 0 1,125 (100 %)
0 (Control) 2,731 1,883 (68.95 %) 228 (8.34 %) 620 (22.70 %)

Table 2 In vitro ovicidal effects of different concentrations of Zingiber officinale extract on F. hepatica eggs after 48 h of exposure

Concentration of ginger Examined eggs Miracidial formation after 14 days
extract (mg/ml) — — —

Eggs containing Eggs containing no miracidia

live miracidia -

Developing eggs Dead eggs

1 1,240 593 (47.82 %) 8 (0.64 %) 639 (51.53 %)
5 1,609 0 0 1,609 (100 %)
10 1,703 0 0 1,703 (100 %)
25 1,447 0 0 1,447 (100 %)
50 1,532 0 0 1,532 (100 %)
0 (Control) 2,731 1,883 (68.95 %) 228 (8.34 %) 620 (22.70 %)
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Table 3 In vitro ovicidal effects of different concentrations of Zingiber officinale extract on F. hepatica eggs after 72 h of exposure

Concentration of ginger Examined eggs

Miracidial formation after 14 days

extract (mg/ml)

Eggs containing
live miracidia

Eggs containing no miracidia

Developing eggs Dead eggs

1 1,330

5 1,733 0
10 1,905 0
25 1,940 0
50 1,391 0

0 (Control) 2,731

411 (30.90 %)

1,883 (68.95 %)

919 (69.09 %)
1,733 (100 %)
1,905 (100 %)
1,940 (100 %)
1,391 (100 %)
620 (22.70 %)

S O O © O

228 (8.34 %)

this compound probably has some pharmacological activity
against adult F. hepatica. Further studies should also focus
on lower concentrations of this extract.
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