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Abstract Anthelmintic activity of both ethanolic and
aqueous extracts of Calotropis procera flowers,
Azadirachta indica leaves and Punica granatum fruit peel
in comparison with albendazole was evaluated through
in vitro studies by the worm motility inhibition assay.
Significant anthelmintic effects (p < 0.0005) were ob-
served on live Gastrothylax indicus worm as evident from
their mortality at 4 h post exposure to both ethanolic and
aqueous extracts. Phytochemical analysis of extracts re-
vealed the presence of phenols, alkaloids, saponins, tan-
nins, flavonoids, steroids and triterpenoids. LC-50 values
were determined to be 12.05 mg/ml + 3.24 and 23.52 mg/
ml £ 6.4 for C. procera, 24.37 mg/ml + 4.11 and
21.02 mg/ml £ 4.6 for A. indica, 18.92 mg/ml £ 4.54 and
24.43 mg/ml £ 6.96 for P. granatum ethanolic and aque-
ous extracts respectively, whereas it was 29.23 ng/
ml £ 4.51 for albendazole. The mean mortality index (MI)
was 1.0 and 0.90 for C. procera, 0.90 for A. indica and 0.73
and 0.80 for P. granatum ethanolic and aqueous extracts
respectively whereas for albendazole it was 1.0. Percent
mean worm motility inhibition (%WMI) was observed to
be between 70 and 100 % for different extracts.Various
concentrations (5-5000 pg/ml) of all the plant extracts and
albendazole were used to detect their cytotoxic effects
against HeLa cell line to determine CC-50 by MTT assay.
CC-50 values, of all the plant extracts were determined to
be >1000 pg/ml and for albendazole it was found to be
>10 uM. All the three plants can be potential sources for
novel anthelmintics.
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Introduction

Major helminthic diseases of small ruminants (sheep/goat)
include paramphistomiasis which cause considerable eco-
nomic losses characterized by acute parasitic gastroen-
teritis, lowered meat and hair production leading to high
mortality in host. Almost hundred percent of grazing sheep
and goat harbour, light to medium level of these infections
affecting the livelihood of marginal farmers (Perry et al.
2002; Raza et al. 2007).

There is a growing interest in the ethno-veterinary ap-
proach to examine the anthelmintic properties of plants tra-
ditionally used by local farmers in different parts of globe
due to increasing development of anthelmintic resistance
and limited availability of commercial drugs to the rural
people as well as the high cost of such synthetic medicines
(Kaplan 2004; Mali and Mehta 2008). The World Health
Organisation (WHO) estimated that 80 % of the population
of developing countries rely on traditional medicine mostly
plant drugs, for their primary health care needs.

Calotropis procera known as aak, is used in ethno-vet-
erinary medicine system as an expectorant, anthelmintic,
laxative, purgative, anti-inflammatory and diuretic (Igbal
et al. 2005). Different parts as well as latex of C. procera
have been reported to have emetic, purgative and an-
thelmintic effect in traditional medicine (Jain et al. 1996).
C. procera flowers possess good anthelmintic activity
against nematodes (Igbal et al. 2005).

Azadirachta indica or neem plant is reported to have
multiple medicinal applications including its use as an anti-
inflammatory, antipyretic, analgesic, immuno-stimulant,
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hypoglycemic, antifungal and antibacterial (Rahman et al.
2011).

Punica granatum (anar) is another herbal anthelmintic
drug widely used in ayurveda. The most famous usage
worldwide has been a vermifugal or taenicidal agent i.e. a
killer and expeller of intestinal worms (Subhedar etal. 2011).
The anthelmintic activity may be chiefly due to alkaloids.

The current study was aimed for phytochemical
screening of crude ethanolic and aqueous extracts of all the
three plants (Aak flowers, Neem leaves and Anar fruit peel)
along with the objective of evaluating the anthelmintic
efficacy of these crude extracts against G.
(a trematode parasite of sheep/goat) by worm motility in-
hibition assay in vitro. The study contributes to the
knowledge base of materia medica and strategies for sus-
tainable animal health management and the well being of
people whose livelihoods are livestock based industries.

Many plant extracts and their active principles have
been described and utilized as therapeutic agents. There is
considerable interest in determining the risks that these
products may pose to health, because many of these plants
contain compounds which are known to cause diseases or
even death in animals and humans. Thus, an assessment of
their cytotoxic potential is necessary to ensure a relatively
safe use of medicinal plants (Surh and Ferguson 2003).
Ethanolic and aqueous extracts of all the three plants were
screened in vitro for cytotoxic activity on HeLa cell line.

Despite several reports on the traditional medicinal use
of C. procera, A. indica and P. granatum, experimental
reports on anthelmintic efficacy are limited or varied.
Different studies employing different parasites and meth-
ods have revealed different efficacies. However, no previ-
ous work has reported anthelmintic potential of all the three
plants against Gastrothylax indicus.

indicus

Materials and methods
Plant material

Flowers of aak (Calotropis procera), leaves of neem
(Azadirachta indica) and fruit peel of anar (Punica
granatum) were collected from in and around Chandigarh.
The plant materials were identified in Department of Bot-
any, Panjab University, Chandigarh with Voucher num-
bers- aak 4830, neem 5028 and anar 8583.

Preparation of extracts
Flowers of C. procera, fresh leaves of A. indica and fruit peel

of P. granatum were washed thoroughly, shade dried and
grounded by motor driven grinder into powder form. Both

ethanolic and aqueous plant extracts were prepared according
to method of Igbal et al. (2005). Ethanolic flower extract of C.
procera (EFECP), leaf extract of A. indica (ELEAI) and fruit
peel extract of P. granatum (EFPEPG) were exhaustively
extracted by mixing 80 gm of powdered plant material and
adding approximately 300 ml of ethanol in a soxhlet appara-
tus. Aqueous extracts were prepared by dissolving 100 gm of
powdered plant material mixed with 500 ml of distilled water
in 1 L flask and boiled for 4-6 h in water bath. It was allowed
to macerate at room temperature for 24 h and the brew was
filtered through muslin gauze and Whatman filter paper No.1.
Both ethanolic and aqueous extracts of plant materials
were evaporated in Rota evaporator to give crude ethanolic
and aqueous extracts. The extracts were scraped off and
transferred to screw capped vials at —4 °C until used.

Phytochemical screening of plant extracts

Phytochemical screening of plant extracts were carried out
by employing standard procedures (Harbone 1983; Trease
and Evans 1989; Bagewadi et al. 2012).

In vitro anthelmintic activity of extracts

Worm motility inhibition assay was employed for the eval-
uation of anthelmintic activity of crude ethanolic and aqueous
extracts (AFECP, ALEAI, AFPEPG) of all the three plant
materials (aak flower, Neem leaf and Anar fruit peel) under
in vitro conditions (Igbal et al. 2004). The in vitro anthelmintic
activity was carried out on adult G. indicus worms to deter-
mine the inhibitory effect of extracts on adult worms.
Mature G. indicus were collected from the rumen of
sheep/goat procured from slaughter house. The worms were
washed in phosphate buffered saline (PBS pH7.2) and finally
suspended in PBS. The study was conducted at four different
dilutions of all the extracts viz., 6.25, 12.5, 25, 50 mg/ml
prepared in PBS. The crude aqueous extracts were diluted in
PBS, whereas, crude ethanolic extractsin 1 % DMSO in PBS.
Albendazole dissolved in 1 % DMSO and diluted in PBS at
concentrations of 20, 40, 60, 80 pg/ml and PBS alone served
as postitive and negative control respectively. There were six
replicates for each treatment concentration. Ten vigorously
motile worms were placed in each petridish containing 4 ml of
solution and observations were made at0, 1, 2, 3,4 hintervals.
After exposure to different treatments, the worms were put in
lukewarm PBS for 30 min in order to confirm mortality.

(i) LC-50 values of each plant extract and positive
control were calculated by biostat software.

(i) Percentage worm motility inhibition (%WMI) was
determined according to Rabel et al. (1994) using
formula.
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number of mobile worms in negative control — number of mobile worms in treated group

x 100

DWMI =

number of mobile worms in negative control

(iii) The mortality index (MI) was calculated by follow-
ing formula:

Ml — total number of immobile worms (dead)

total number of worms per petridish
Cell line and culture medium

HeLa (human cervical carcinoma) cell line obtained from
NSSC, Pune, was used in this study. Cells were cultured in
DMEM supplemented 10 % Fetal Bovine Serum (FBS),
100 pg/ml penicillin and 100 pg/ml streptomycin, and
maintained under an atmosphere of 5 % CO, and 95 % air
at 37 °C (Freshney 1994).

In vitro assay for cytotoxic activity

Cells were washed by PBS and harvested by tripsinization
and were distributed in 96 well plates (5000 cells/well) and
incubated under 5 % CO, and 95 % air at 37 °C for 24 h.
The cells were treated with different concentrations of
plants extracts including 10, 20, 50, 100, 200,500, 1000,
5000 pg/ml and for albendazole it was 1.0, 5.0 and 10 mM/
ml. Dilution of stock solutions were made in culture
medium yielding final extracts concentrations with a final
DMSO concentration of 0.1 %. Control cells were incu-
bated in culture medium only. All concentrations of plants
extracts were in triplicates on the same cell batch.

MTT assay

Growth of tumoral cells quantitated by the ability of living
cells to reduce the yellow dye 3-(4,5-dimethyl-2-thiazolyl)-
2,5-diphenyl-2H-terazolium bromide(MTT) to a blue for-
mazan product (Mosmann 1983). At the end of 48 h in-
cubation, the medium in each well was replaced by MTT
solution, the plates were incubated for 24 h under 5 %
CO, and 95 % air at 37 °C. MTT reagent was removed and
the formazan crystals produced by viable cells were dis-
solved in 100 pI DMSO and gently shaken. The ab-
sorbance was then determined by ELISA reader at 492 nm.
The percentage viability was calculated using following
formula,

% cell viability = [(A; — Ap)/(Ac — Ap)] x 100

where, A, = absorbance value of test compound,
A, = absorbance value of blank and A. = absorbance
value of control.
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The effects of extracts were expressed by CC-50 values
(the drug concentration reducing the absorbance of treated
cells by 50 % with respect to untreated cells).

Statistical analysis

Experimental results are expressed as mean = S.D. All
measurements were replicated six times. The data was
analysed by analysis of variance (p < 0.05). The CC-50
values were calculated from probit regression analysis.

Results
Phytochemical screening of chemical ingredients

The results of phytochemical screening of ethanolic and
aqueous extracts of all the three plants (aak flower, neem
leaf and anar fruit peel) have been summarized in Table 1.
Chemical analysis revealed the presence of a number of
secondary metabolites whose intensity varied with both
plant and solvent used. Ethanolic extracts of all the three
plants possessed triterpenoids while aqueous extracts had
steroids with same intensity.

In vitro anthelmintic activity of ethanolic and aqueous
extracts of plants

Calotropis procera

EFECP and AFECP demonstrated dose dependent and time
dependent (p < 0.0005) anthelmintic activity against G.
indicus as revealed from the inhibition of motility and/or
death of the worm after treatment (Tables 2, 3; Fig. 1).
Time taken for cessation of motility for EFECP and
AFECP on adult G. indicus at 6.25, 12.5, 25, 50 mg/ml
concentration has been depicted in histogram (Fig. 1). LC-
50 value for EFECP was 12.05 mg/ml + 3.24 and for
AFECP was 23.52 mg/ml £ 6.4. EFECP resulted in mean
%WMI of 100 % while the AFECP of 88.4 % as observed
after the worms were put in lukewarm PBS for 30 min after
exposure to different treatments for 4 h. The mean MI of
EFECP and AFECP was 1.0 and 0.90 respectively. It was
found to be dose dependent irrespective of solvent used
when compared with negative control. However comparing
the EFECP and AFECP with albendazole, a conventional
anthelmintic drug commonly used in study area positive
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Table 1 Phytochemical screening of ethanolic (EFECP, ELEAI, EFPEPG) and aqueous (AFECP, ALEAI, AFPEPG) extracts of C. procera A.

indica and P. granatum

Phytoconstituents/Tests EFECP AFECP ELEAI ALEAI EFPEPG AFPEPG
Alkaloids
a. Mayer’s test ++ ++ - - - -
b. Hager’s test ++ ++ - - + -
c. Dragendroff’s test ++ ++ - - + -
Phenols
a. Bromine water test ++ ++ + + + +
b. Ferric chloride test ++ ++ + + + +
Saponins
a. Frothing test — — — — ++ ++
b. Emulsion test — — — — ++ ++
Tannins
a. Gelatin test + + + + + +
b. Ferric chloride test + + + + + +
Flavonoids
a. Ammonium test + + ++ ++ ++ ++
b. Alkaline reagent test + + ++ ++ ++ ++
Steroids and triterpenoids
Salkowski test
Steroids - + - + - +
Triterpenoids + — + — + —
++ strongly present, 4+ present, — not present
Table 2 In vitro anthelmintic activity of ethanolic extracts of C. procera, A. indica and P. granatum on G. indicus
Time (h) Dosing
EFECP ELEAI EFPEPG Albendazole Control
6.25(mg/ml) 12. 5(mg/ml) 12.5 (mg/ml) 20 pg/ml (PBS)
Worms showing motility (%mortality)
0 10 £ 0.0 10 £ 0.0 10 £ 0.0 10 £ 0.0 10 £ 0.0
1 7.8 £ 0.40(20) 7.8 £ 0.40(20) 7.8 £ 0.51(20) 7.8 £ 0.40(20) 10 £ 0.0
2 4.5 + 0.54(50)" 5.0 &+ 0.0(50) 6.8 + 0.40(30)* 2.8 £ 0.40(70) 10 £ 0.0
3 2.8 £ 0.40(70)" 3.6 £ 0.51(60)" 6.0 £ 0.0(40) 1.0 £ 0.0(90) 10 £ 0.0
4 0 %+ 0.0(100) 1.0 &+ 0.0(89.6) 2.6 £ 0.51(68.9)" 0 £ 0.0(100) 9.6 + 0.81
PBS for 30 min 0+ 0.0 1.0 £ 0.0 2.6 £ 0.51 0 £+ 0.00 9.6 + 0.81

All values represent mean = S.D, n = 6. Each replica (n) had 10 worms

* p < 0.0005 extremely significant

control, there was no significant difference (p > 0.05).
EFECP was found to be more potent than the AFECP as
100 % mortality was seen in ethanolic extract with 4 h
exposure (Tables 2, 3).

Azadirachta indica
ELEAI and ALEAI showed dose dependent and time de-

pendent (p < 0.0005) anthelmintic activity against G.
indicus as observed from the inhibition of motility and/or

death of the worm after treatment (Tables 2, 3; Fig. 2).
Time taken for cessation of motility at 6.25, 12.5, 25,
50 mg/ml concentration have been shown in histogram
(Fig. 2). LC-50 for ELEAI and ALEAI was 24.37 mg/
ml £ 4.11 and 21.02 mg/ml £ 4.6 respectively. Both
ELEAI and ALEAI caused mean %WMlIof 89.6 % as ob-
served after the worms were given lukewarm PBS treat-
ment for 30 min after exposure to different treatments. The
mean MI for both ELEAI and ALEAI was found to be 0.90
for G. indicus. The result of in vitro anthelmintic activity of
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Table 3 In vitro anthelmintic activity of aqueous extracts of C. procera, A. indica and P. granatum on G. indicus

Time (h) Dosing
AFECP ALEAI AFPEPG Albendazole Control
6.25(mg/ml) 12. 5(mg/ml) 12.5 (mg/ml) 20 pg/ml (PBS)
Worms showing motility (%mortality)
0 10 + 0.0 10 £ 0.0 10 + 0.0 10 £ 0.0 10 £ 0.0
1 8 + 0.00(20)" 6.6 + 0.51(30)" 6.6 + 0.51(30)" 7.8 + 0.40(20) 10 + 0.0
2 5.8 4 0.40(40)" 5.0 &+ 0.0(50) 5.0 = 0. 0(50) 2.8 £ 0.40(70) 10 £ 0.0
3 3.6 & 0.51(60) 2.8 + 0.40(70)" 2.8 4 0.40(70)" 1.0 + 0.0(90) 10 + 0.0
4 1.0 £ 0.0(88.4) 1.0 £ 0.0(89.6) 2.0 £ 0.0(79.2) 0 + 0.0(100) 9.6 £ 0.81
PBS For 30 min 1.0 £ 0.0 1.0 £ 0.0 2.0 £ 0.0 0 + 0.00 9.6 £ 0.81
All values represent mean + S.D, n = 6. Each replica (n) had 10 worms
* p < 0.0005 extremely significant
Fig. 1 Histogram showing dose 5 - B EFECP
dependent and time dependent 45
response of different ) I AFECP
concentrations (6.25-50 mg/ml) 5

of EFECP and AFECP in vitro
on G. indicus
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Fig. 2 Histogram showing dose dependent and time dependent
response of different concentrations (6.25-50 mg/ml) of ELEAI and
ALEALI in vitro on G. indicus

ELEAI and ALEAI compared with albendazole was sta-
tistically non significant (p > 0.05) and was statistically
significant (p < 0.0005) compared with PBS. Both the
extracts i.e. ELEAI and ALEAI were found to be equally
potent.
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Punica granatum

The extracts (EFPEPG and AFPEPG) produced worm moti-
lity inhibition that was dose dependent (Fig. 3) and time de-
pendent (Tables 2, 3 Fig. 3) when compared to the negative
control. Dose dependent mortality was observed at 6.25, 12.5,
25, 50 mg/ml concentrations for both EFPEPG and AFPEPG
on adult G. indicus as shown in Fig. 3. LC-50 for EFPEPG
was 18.92 mg/ml + 4.54 and for AFPEPG it was 24.43 mg/
ml + 6.96. Mean %WMI was found to be 68.9 and 79.2 %
with EFPEPG and AFPEPG respectively. EFPEPG and
AFPEPG resulted in mean MI of 0.73 and 0.80 respectively.

Anthelmintic property of extracts compared
with albendazole

Paralyzing effect of albendazole was much faster and
worms showed a complete loss of movement/motility in
albendazole. Mortality was observed at 3.25, 1.5, 0.5 h and
instantly (0.08 h) at 20,40,60,80 pg/ml respectively for
positive control i.e., albendazole which is quite effective
when compared with both negative control and all the
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Fig. 3 Histogram showing dose dependent and time dependent
response of different concentrations (6.25-50 mg/ml) of EFPEPG
and AFPEPG in vitro on G. indicus
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Fig. 4 Histogram showing anthelmintic activity of albendazole
(20-80 pg/ml) in vitro on G. indicus

extracts (p < 0.0005) (Tables 2, 3; Fig. 4). LC-50 value
determined for albendazole was 29.23 pg/ml + 4.51 which
is quite low in comparison to all the extracts. Mean %WMI
for albendazole was 100 % little near with EFECP since
time taken for 100 % mortality in EFECP was 4.0 h while
in albendazole it was 3.25 h but quite high when compared
to other extracts. Mean MI for albendazole was found to be
1.0. The anthelmintic effect of albendazole and all the plant
extracts remained static because no revival of motility was
seen in lukewarm PBS after 4 h exposure to different
treatments in all the replicas. The survival time of negative
control worms (PBS) was longer and did not show any
normal mortality; but after 4 h two worms died out of 10 in
one replica out of 6 because of mechanical disturbance.

In vitro cytotoxicity assay of ethanolic and aqueous
plant extracts

Cytotoxicity assay of all ethanolic and aqueous extracts
(10-5000 pg) along with albendazole (1-10 uM) was

carried out against HeLa cell line to determine the CC-50
(50 % growth inhibition) by MTT assay. All the plant
extracts were found to be non-toxic to HeLa cell lines even
at higher concentrations. Cell viability for different extracts
ie. EFECP, AFECP, ELEAI, ALEAI, EFPEPG and
AFPEPG were found to be 85.83, 85.33, 55.10, 52.40,
5420 and 54.30 % respectively at concentration of
1000 pg/ml. The CC-50 of all the plant extracts was de-
termined to be >1000 pg/ml. Cell viability for albendazole
i.e. positive control was found to be 80.82 % at 10 pM
(Table 4).

Discussion

Anthelmintic activity of different plant extracts on G.
indicus reported in present study is in agreement with the
findings of earlier workers on different helminth parasites
(Tarig et al. 2008; Ghangale et al. 2009; Roy et al. 2010)
LC-50 of ethanolic and aqueous crude extracts of C. pro-
cera, A.indica and P. granatum varied with the solvent
used in extraction of active ingredients with EFECP and
EFPEPG being the most potent despite comparable effi-
cacies. This would probably be related to the different
chemical ingredients extracted in different solvents and to
the source of parasites and previous exposure to the plants.
Similar variation in potency and efficacy were observed by
other workers (Costa et al. 2008; Suteky and Dwatmadji
2011), when they used different solvents for extraction of
active ingredient and observed varying bioactivity results.
Tariq et al. (2008) observed anthelmintic efficacy of
Achillea millifolium on Haemonchus contortus and calcu-
lated LC-50 for aqueous and ethanolic extracts of 0.05 and
0.11 mg/ml respectively.

Increasing motility inhibition with increasing concen-
tration of extract could be due to saturation of target re-
ceptors. Similar observations were made by Lullman and
Morh (1993) who said that receptors get saturated with
increasing dose of active ingredient that increases with
incubation period. It is likely that at higher concentration
all binding receptors on the worms were occupied thus
leading to hyperpolarisation of membranes, limiting exci-
tation and impulse transmission causing flaccid paralysis of
worm muscle, a similar observation made by Wasswa and
Olila (2006). Roy et al. (2010) reported destruction of
worm’s surface when studied the effect of Potentilla ful-
gens on G. crumenifer histochemically.

Igbal et al. (2005) reported that aqueous and methanolic
extracts of C. procera flower possessed time dependent
anthelmintic activity on H. contortus, when studied in vit-
ro. Our studies also revealed time dependent anthelmintic
activity of ethanolic and aqueous extracts of C. procera
flower, A. indica leaf and P. granatum fruit peel on G.
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Table 4 CC-50 values of different plant extracts (EFECP, AFECP, ELEAI, ALEAI, EFPEPG, AFPEPG) and albendazole

Plant Extract Conc. (pg/ml)

% Cell viability CC-50 (pg/ml)

EFECP 1000
AFECP 1000
ELEAI 1000
ALEAI 1000
EFPEPG 1000
AFPEPG 1000
Albendazole 26.5/10 uM

85.83 £ 2.69 >1000
8533 £5.32 >1000
55.10 £ 2.56 >1000
5240 £1.35 >1000
54.20 £ 3.69 >1000
54.30 £ 3.90 >1000
80.82 + 3.62 > 26.5/10 pM

All values represent £ SD of four independent experiments done in triplicate

indicus. Subhedar et al. (2011) reported dose and time
dependent anthelmintic activity of methanolic extracts of
seeds and bark of P. granatum.

The anthelmintic properties of C. procera, A. indica and
P. granatum crude ethanolic and aqueous extracts could be
attributed to the variety of secondary metabolites present.
Preliminary phytochemical screening of plant extracts re-
vealed presence of phenols, alkaloids, saponins, tannins,
flavonoids, steroids and triterpenoids, whose intensity
varied among the plants and also with the solvent of ex-
tract. It was also evident that C. procera was more potent
than A. indica and P. granatum, an activity that could be
attributed due to the strong presence of alkaloids and
phenols.

It is possible that the parasite paralysis and/or death
observed may have been attributed to secondary metabo-
lites (Makut et al. 2008) like tannins, alkaloids and sapo-
nins. Briskin (2000) and Wynn and Fougere (2007)
acknowledged that plant metabolites action may be addi-
tive, synergistic or antagonistic in manner acting at single
or at multiple target sites. It is therefore likely that a
number of compounds could have contributed to the an-
thelmintic activity observed in all the three plant extracts.

Barrowman et al. (1984) reported that benzimidazole
anthelmintics act by interfering with the microtubules
system in Ascaris suum. Thus these compounds could have
caused their effect through same mechanism. Paralysis of
worm tissues makes them unable to feed leading to death as
result of lack of energy. It is also likely that high amount of
alkaloids present in C. procera plant could have con-
tributed to the paralysis and consequent death of the worm.

Saponins present in crude extracts of P. granatum could
have caused feed refusal and starvation of the parasites
leading to their death from lack of energy.

The role of tannins in helminths control have been
documented (Forbey et al. 2009; Kotze et al. 2009). The
nematicidal activity of tannin extracts has also been re-
ported with evidence of anthelmintic properties of con-
densed tannins by series of in vitro studies (Molan et al.
2003; Ademola and Idowu 2006) and in vivo studies
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(Butter et al. 2001; Kotze et al. 2009). Chemically tannins
are polyphenolic compounds (Bate-Smith 1962) and syn-
thetic phenolic anthelmintics like niclosamide and oxy-
clozanide are said to interfere with the energy generation in
helminth parasites by uncoupling oxidative phosphoryla-
tion (Martin 1997). It is possible that tannins contained in
ethanol and aqueous extracts of all three plants produced
similar effects. It was also suggested that tannins bind to
free proteins in the gastrointestinal tract of the host animal
(Athanasiadou et al. 2001) or glycoprotein on the cuticle of
the parasite disturbing physiological function like motility,
feed absorption and reproduction (Thompson and Geary
1995; Githiori et al. 2006) or interference with morphology
and proteolytic activity of microbes (Min et al. 2003;
Waghorn and McNabb 2003) and cause death.

All the plant extracts (EFECP, AFECP, ELEAI, ALEAI,
EFPEPG and AFPEPG) were found to be non-toxic to
HeLa cell lines even at higher concentration in present
studies. CC50 of all the plant extracts was determined to be
>1000 pg/ml. Nemati et al. (2013) studied the cytotoxic
properties of ethanolic extracts of some medicinal plants
(Consolida orientalis, Ferula assafoetida, Coronilla varia
and Orobanche orientalis) on HeLa cell line in vitro. The
study evaluated that the extracts of C. orientalis, F. as-
safoetida and C. varia had potential cytotoxic activity on
HeLa cell line but O. orientalis showed no significant
growth inhibition.

Ranjit et al. (2012) reported percentage inhibition of
41.84 of HeLa cells with 512 pg/ml of ethanolic flower
extract of C. procera. Manasathien et al. (2012) assayed the
cytotoxic activity of fruit peel extract of P. granatum on
Brine shrimp and determined CC-50 of 1205.98 and
1294.88 ng/ml with ethanolic and water extracts respec-
tively. Sharma et al. (2014) reported EC-50 of ethanolic
neem leaf extract for MCF-7 cells at 350 pg/ml after 72 h
treatment whereas in HeLa cells it was found to bel75 pg/
ml in 48 h.

From the present in vitro study it can be suggested that
both crude ethanolic and aqueous extracts of C. procera, A.
indica and P. granatum exhibited significant in vitro
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anthelmintic activity against G. indicus of sheep and have
potential for use as an alternative anthelmintic agent for the
control of gastrointestinal helminths of sheep and other
ruminants. All the three plants were found to be safe for
medicinal use since no cytotoxic activity was observed on
HeLa cell line.

Acknowledgments Dr. Rama Aggarwal is thankful to DST New-
Delhi for providing financial assistance for present work.

References

Ademola IO, Idowu SO (2006) Evaluation of anthelmintic activity of
Leucaena leucocephala seed aqueous extract on Haemonchus
contortus-infective larvae. Vet Rec 158:485-486

Athanasiadou S, Kyriazakis I, Jackson F, Coop RL (2001) The effects
of condensed tannins supplementation of foods with different
protein content on parasitism, food intake and performance of
sheep infected with Trichostrongylus colubriformis. Br J Nutr
86:697-706

Bagewadi ZK, Siddanagouda RS, Baligar PG (2012) Phytochemical
screening and evaluation of antimicrobial activity of Semecarpus
anacardium nuts. Int J Pharmacol Pharm Technol 1(2):68-74

Barrowman MM, Marriner SE, Bogan JA (1984) The binding and
subsequent inhibition of tubulin polymerization in Ascaris suum
(in vitro) by benzimidazole anthelmintics. Bichem Pharmacol
33(19):3037-3040

Bate-Smith EC (1962) The phenolic constituent of plants and their
taxonomic significance, dicotyledons. J Linn Soc 58:95-103

Briskin DP (2000) Medicinal plants and phytomedicines: linking
plant biochemistry and physiology to human health. Updat
Phytomedicines Plant Physiol 124:507-514

Butter NL, Dawson JM, Wakelin D, Buttery PJ (2001) Effect of
dietary condensed tannins on gastrointestinal nematodes. J Agric
Sci 137:461-469

Costa CTC, Bevilaqua CML, Camurca-Vasconcelos ALF, Maciel
MV, Morais SM, Castro CMS, Braga RR, Oliveira LMB (2008)
In vitro ovicidal and larvicidal activity of Azadirachta indica
extracts on Haemonchus contortus. Small Rumin Res
74(1-3):284-287

Forbey JS, Harvey AL, Huffman MA, Provenza FD, Sullivan R,
Tasdemir D (2009) Exploitation of secondary metabolites by
animals: a response to homeostatic challenges. Integr Comp Biol
49(3):314-328

Freshney R (1994) Culture of animal cells: a manual of basic
technique. Willey, New York

Ghangale GR, Tushar M, Jadhav ND (2009) In vitro anthelmintic
activity of alcoholic extract of Allivum sativum against rumen
amphistome. Vet World 2(10):385-386

Githiori JB, Athanasiadou S, Thamsborg SM (2006) Use of plants in
novel approaches for control of gastrointestinal helminths in
livestock with emphasis on small ruminants. Vet Parasitol
139(4):308-320

Harbone JB (1983) Phytochemical Methods- A guide to modern
techniques of plant analysis. Chapman and Hall, New York,
p 315

Igbal Z, Lateef M, Ashraf M, Jabbar A (2004) Anthelmintic activity
of Artemisia brevifolia in sheep. J Ethnopharmacol 93:265-268

Igbal Z, Lateef M, Jabbar A, Mohammad R, Khan MN (2005)
Anthelmintic activity of Calotropis procera(Ait.) Ait. F. flowers
in sheep. J Ethnopharmacol 102:256-261

Jain SC, Sharma R, Jain R, Sharma RA (1996) Antimicrobial activity
of Calotropis procera. Fitoterapia 67:275-277

Kaplan RM (2004) Drug resistance in nematodes of veterinary
importance: a status report. Trends Parasitol 20(10):477—481

Kotze AC, O’Grady J, Emms J, Toovey AF, Hughes S, Jessop P,
Bennell M, Vercoe PE, Revell DK (2009) Exploring the
anthelmintic properties of Australian native shrubs with respect
to their potential role in livestock grazing systems. Parasitol
136(9):1065-1080

Lullman HK, Morh Bieger D (1993) Colour Atlas of pharmacology.
Theme Medical Publisher, Inc., New York, pp 52-98

Makut MD, Gyar SD, Pennap GRI, Anthony D (2008) Phytochemical
screening and antimicrobial activity of ethanolic and methanolic
extracts of leaf and bark of Khaya senegalensis. Afr J Biotechnol
7(99):1216-1219

Mali RG, Mehta AA (2008) A review on anthelmintic plants. Nat
Prod Rad 7:466-475

Manasathien J, Indrapichate K, Intarapichet KO (2012) Antioxidant
activity and bioefficacy of pomegranate Punica granatum Linn.
peel and seed extracts. Global. J Pharmacol 6(2):131-141

Martin RJ (1997) Modes of action of anthelmintic drugs. Vet J
154(1):11-34

Min BR, Barry TN, Attwood GT, McNabb WC (2003) The effect of
condensed tannins on the nutrition and health of ruminants fed
fresh temperate forages: a review. Anim Feed Sci Technol
106:3-19

Molan AL, Meagher LP, Spencer PA, Sivakumaran S (2003) Effect of
flavan-3-ols on in vitro egg hatching, larval development and
viability of infective larvae of Trichostrongylus colubriformis.
Int J Parasitol 33:1691-1698

Mosmann T (1983) Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays.
J Immunol Meth 65(1-2):55-63

Nemati F, Dehpouri AA, Eslami B, Mahdavi V, Mirzanejad S (2013)
Cytotoxic properties of some medicnal plant extracts from
Mazandaran, Iran. Iran Red Cres Med J 15(11):e8871

Perry B, Randolph T, McDermott J, Sones K, Tornton PK (2002)
Investing in animal health research to alleviate poverty, Inter-
national Livestock Research Institute (ILRI). Nairobi, Kenya,
pp 148

Rabel B, McGregor R, Douch PGC (1994) Improved bioassay for
estimation of inhibitory effect of ovine gastrointestinal mucus
and anthelmintics on nematode larval migration. Int J Parasitol
24:671-676

Rahman WA, Lee R, Sulaiman SF (2011) In vitro anthelmintic
activity of neem plant (Azadirachta indica) extract against third
stage Haemonchus contortus larvae from goats. Global Vet
7(1):22-26

Ranjit PM, Krishna MR, Silpa P, Nagalakshmi V, Anjali M, Girish K,
Chowdary YA (2012) In vitro cytotoxic activities of Calotropis
procera latex and flower extracts against MCF-7 and HeLa cell
line cultures. Int J Pharm Sci 4(1):66-70

Raza MA, Igbal Z, Jabbar A, Yaseen M (2007) Point prevalence of
gastrointestinal helminthiasis in ruminants in southern Punjab
Pakistan. J Helminthol 81:323-328

Roy B, Swargiary A, Syiem D, Tandon V (2010) Potentilla
fulgens(family Rosaceae), a medicinal plant of north-east India:
a natural anthelmintic? J Parasit Dis 34(2):83—-88

Sharma C, Vas AJ, Goala P, Gheewala TM, Rizivi TA, Hussain A
(2014) Ethanolic Neem (Azadirachta indica) leaf extract
prevents growth of MCF-7 and HeLa cells and potentiates the
therapeutic ~ index  of  Cisplatin. J  Oncol.  doi:
10.1155/2014/321754

Subhedar S, Goswami P, Rana N, Gupta A, Shukla P (2011) Herbal
alternatives: anthelmintic activity of Punica granatum (Pome-
granate). Int J Drug Discov Herb Res 1(3):150-152

@ Springer


http://dx.doi.org/10.1155/2014/321754

1238

J Parasit Dis (Oct-Dec 2016) 40(4):1230-1238

Surh Y, Ferguson LR (2003) Dietary and medicinal antimutagens and
anticarcinogens: molecular mechanisms and chemopreventive
potential—highlights of a symposium. Mutat Res 523-524:1-8

Suteky T, Dwatmadji T (2011) Anthelmintic activity of Melastoma
malabatricum extract on Haemonchus contortus activity in vitro.
Asian J Pharm Clin Res 4(1):68-70

Tariq KA, Chishti MZ, Ahmad F, Shawl AS (2008) Anthelmintic
efficacy of Achillea millifolium against gastrointestinal nema-
todes of sheep: in vitro and in vivo studies. J Helmintol
82:227-233

Thompson DP, Geary TG (1995) The structure and function of
helminth surfaces. In: Marr JJ (ed) Biochemistry and Molecular
Biology of Parasites, 1st edn. Academic Press, New York,

pp 203-232

@ Springer

Trease GE, Evans WC (1989) Trease and Evans Pharmocognosy.
W.B. Saunders Company, London

Waghorn GC, McNabb WC (2003) Consequences of plant phenolic
compounds for productivity and health of ruminants. Proc Nutr
Soc 62:383-392

Wasswa P, Olila D (2006) The in vitro Ascaricidal activity of selected
indigenous medicinal plants used in ethno veterinary practices in
Uganda. Afr J trad CAM 3:94-103

Wynn SG, Fougere BJ (2007) Introduction: why use herbal medicine.
In: Wynn SG, Fougere BJ (ed) Veterinary Herbal Medicine.
Library of Congress cataloging-in publication data. p 695,
ISBN:10: 0-323-02998-1



	Anthelmintic potential of Calotropis procera, Azadirachta indica and Punica granatum against Gastrothylax indicus
	Abstract
	Introduction
	Materials and methods
	Plant material
	Preparation of extracts
	Phytochemical screening of plant extracts
	In vitro anthelmintic activity of extracts
	Cell line and culture medium
	In vitro assay for cytotoxic activity
	MTT assay
	Statistical analysis

	Results
	Phytochemical screening of chemical ingredients
	In vitro anthelmintic activity of ethanolic and aqueous extracts of plants
	Calotropis procera
	Azadirachta indica
	Punica granatum

	Anthelmintic property of extracts compared with albendazole
	In vitro cytotoxicity assay of ethanolic and aqueous plant extracts

	Discussion
	Acknowledgments
	References




