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Abstract The cestode parasite, Raillietina echinobothri-

da and the trematode, Gastrothylax crumenifer were

exposed to the ethanolic root peel extract of Potentilla

fulgens, an antiparasitic local medicinal plant of Megha-

laya, India, to evaluate the anthelmintic efficacy of the

plant. The parasites were incubated in 1, 5, 10, 20, 50 and

100 mg crude alcoholic extract per ml of phosphate buf-

fered saline (PBS) at a temperature of 37 ± 1�C. Paralysis

and death were observed at 2.00 ± 0.05 and 2.80 ± 0.06 h

for the cestode and 1.21 ± 0.06 and 2.18 ± 0.04 h for the

trematode parasites at the highest test concentration of the

plant extract. The commercial anthelmintic, Praziquantel

(PZQ) showed higher activity at the tested concentration

(0.02 mg/ml). To further investigate the efficacy of the

plant extract, vital tegumental enzymes of the parasite viz.

Acid phosphatase (AcPase), Alkaline phosphatase (Alk-

Pase) and Adenosine triphosphatase (ATPase) were stud-

ied. Quantitatively, the total enzyme activity of AcPase,

AlkPase and ATPase was found to be reduced significantly

by 69.20, 66.43 and 29.63% for R. echinobothrida and

47.96, 51.79 and 42.63% for G. crumenifer, respectively

compared to the respective controls; histochemical study

also showed reduction in the visible staining of the

enzymes. The reference drug, PZQ also showed more or

less similar effect like that of the plant extract. The result

suggests that phytochemicals of P. fulgens have anthel-

mintic potential.
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Introduction

Helminthiasis is one of the major problems in the pro-

ductivity of grazing livestock as well as health of human

beings throughout the world (WHO 2002). It causes loss of

production through mortality, weight loss, reduced milk,

meat, wool production etc., which impact the livelihood

of marginal farmers (Sykes 1994; Perry et al. 2002).

To control helminth infection, a variety of commercial

anthelmintics are available; however, due to increasing

development of anthelmintic resistance, the limited avail-

ability of commercial drugs to the rural people as well

as the high cost of such synthetic medicines, a growing

interest in the ethno-veterinary approach to examine the

anthelmintic properties of plants traditionally used by local

farmers in different parts of the globe is emerging (Kaplan

2004; Jegede et al. 2007; Mali and Mehta 2008). A large

number of plant products are being used for treatment of

gastro-intestinal parasites of livestock and also humans

(Kozan et al. 2006; Lyndem et al. 2008; Roy et al. 2008;

Al-Shaibani et al. 2009; Kosalge and Fursule 2009; Chal-

lam et al. 2010; Manolaraki et al. 2010).

North-east India is a major biodiversity hotspot with

diverse flora and fauna. Ethnic groups of this region use

plant parts like leaves, bark, roots, shoot, etc. as a source of

medicine, though the knowledge about their mode of action

is very limited. Potentilla fulgens L (Family: Rosaceae) is a

local medicinal plant, the aqueous root peel extract of

which is consumed to get rid of intestinal parasitic infec-

tions; also, the tap root of the plant is traditionally chewed

along with betel nut (Areca catechu) and betel leaves
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(Piper betel) for various other ailments (Syiem et al. 2002).

The plant extract is also reported to have anti-diabetic and

antioxidant properties (Syiem et al. 2009a, b). Though the

plant is known as antiparasitic, particularly in remote areas

of Meghalaya, no scientific record is available about its

efficacy towards curing worm infections. Therefore, the

present study was taken up to investigate in vitro anthel-

mintic activity of the ethanolic root peel extract of the

plant, choosing histochemical and biochemical parameters

for the same.

Materials and methods

Preparation of the plant crude extract

The fresh roots of Potentilla fulgens were purchased from

the local markets of Shillong, Meghalaya. After washing

with water, the root bark was peeled off and shade-dried,

grounded by motor-driven grinder into powder form. The

powder was then refluxed in 90% alcohol for 12 h at 60�C,

and the solution filtered through whatman filter paper no. 1.

The collected solution was evaporated to dryness at 50�C

to recover the plant extract as dry powder, which was

stored at 4�C till further use. Praziquantel (PZQ), a broad-

spectrum anthelmintic, was used as the reference drug

(WHO 2010).

Test parasites

Live mature tapeworms (Raillietina echinobothrida) were

collected from the intestine of naturally infected domestic

fowl in 0.9% phosphate buffered saline (PBS, pH 7.2). The

fluke worms, Gastrothylax crumenifer, were collected from

the rumen of freshly sacrificed cattle at local abattoirs.

In vitro experiment

After washing in PBS, the test parasites were incubated at

37 ± 1�C with different concentrations of the plant extract

viz., 1, 5, 10, 20, 50 and 100 mg/ml in PBS containing 1%

dimethyl sulfoxide (DMSO). Control parasites were incu-

bated in PBS having 1% DMSO. Three replicates for each

set of incubation medium were used and the time taken for

attaining a paralytic state as well as death was recorded as

described earlier (Roy et al. 2008). Immediately after the

onset of paralysis, the parasites incubated in 20 mg of plant

extract were selected for histochemical and biochemical

studies because of the early effect of the dose when com-

pared with other concentrations. PZQ was used in the

concentration of 0.02 mg/ml of PBS containing 1%

DMSO.

Histochemical localization of enzymes

The major enzymes, associated with the tegumental inter-

phase of the platyhelminthes parasites were investigated

histochemically using duly processed frozen sections cut at

a thickness of 10–12 lm using a Leica CM 1850 cryostat.

The AcPase activity was detected in cold formol-calcium

fixed specimen following the modified Lead nitrate method

(Pearse 1968), using sodium b-phosphoglycerate as the

substrate; a brownish precipitate indicates the sites of the

enzyme activity. The calcium-cobalt method for AlkPase

activity at room temperature (17–20�C), as described by

Pearse (1968) was used; the brownish black staining of the

various structures in the tissue sections indicated the Alk-

Pase activity. For the localization of ATPase activity, the

calcium method of Pearse (1968) was followed; ATP was

used as the substrate and the enzyme activity was deter-

mined through observation of blackish brown deposit.

Biochemical assays

Activities of AcPase and AlkPase were measured by esti-

mating the p-nitrophenol formation following the method

of Helwig et al. (1977). Using p-nitrophenyl phosphate as a

substrate for both the enzymes, activity was measured by

increase or decrease in the absorbance at k 412 nm in a

double beam UV–Visible spectrophotometer (Beckman

Model-26). Similarly, ATPase activity was assayed by

estimating the free phosphate released, following the

method of Kaplan (1957) with ATP-Na2 as a substrate with

little modification, following Zaidi et al. (1981). The

inorganic phosphate of the supernatant was determined by

the method of Fiske and SubbaRow (1925) at 700 nm

similar to our earlier work (Roy and Swargiary 2009).

One unit of enzyme activity is defined as the amount of

enzyme which would catalyze the transformation of 1 lM

of substrate per hour. Enzyme activities are expressed as

total and specific activities. Total enzyme activity is cal-

culated by dividing the total units with the wet weight of

the sample taken. Specific activity is expressed as units/mg

tissue protein.

The protein content of all the tissue was estimated fol-

lowing the method of Lowry et al. (1951) using bovine

serum albumin as a standard protein.

Statistical calculations

Data collected from three replicates were statistically

analyzed and are presented as means ± SEM. Compari-

sons of the paired mean values between the experimental

data and respective controls were made using Student’s

t-test with P \ 0.05 taken as the threshold of significance.

84 J Parasit Dis (July-Dec 2010) 34(2):83–88

123



Results

Following the exposure to different concentrations of the

plant extract, the parasites contracted sharply for some time

and then went into a relaxed state and continued in the

same state till they attained a condition of flaccid paralysis,

which was followed by death after some interval of time.

Table 1 shows the motility and mortality of worms treated

Table 1 In-vitro effect of root peel-extract of P. fulgens and PZQ on the test parasites

Incubation medium Dose (mg/ml) PBS Time taken in hours

R. echinobothrida G. crumenifer

Paralysis Death Paralysis Death

P. fulgens 100 2.00 ± 0.05 2.80 ± 0.06 1.21 ± 0.06 2.18 ± 0.04

50 3.08 ± 0.06 3.70 ± 0.05 2.33 ± 0.08 3.15 ± 0.05

20 4.22 ± 0.05 6.37 ± 0.08 4.20 ± 0.02 5.15 ± 0.07

10 6.45 ± 0.03 8.12 ± 0.09 5.16 ± 0.02 5.50 ± 0.04

5 8.42 ± 0.06 10.43 ± 0.07 7.30 ± 0.05 8.37 ± 0.04

1 21.22 ± 0.07 22.44 ± 0.10 19.46 ± 0.04 21.32 ± 0.04

PZQ 0.02 0.40 ± 0.05 3.25 ± 0.07 0.57 ± 0.09 4.20 ± 0.08

Control PBS in 1% DMSO 28.35 ± 0.12 22.47 ± 0.18

Values are taken as SEM, n number of replicates (3)

Fig. 1 AcPase, AlkPase and ATPase activities in the model test

parasite Raillietina echinobothrida; photographs of fresh frozen

sections (light microscopy) a–c AcPase activity a Control, b

P. fulgens-treated, c PZQ treated. d–f AlkPase activity, d Control,

e P. fulgens-treated, f PZQ treated, g–i ATPase activity g Control,

h P. fulgens-treated, i PZQ treated

J Parasit Dis (July-Dec 2010) 34(2):83–88 85

123



with various concentrations of root peel extract of P. ful-

gens and PZQ. The controls of R. echinobothrida and

G. crumenifer survived for 28.35 ± 0.12 and

22.47 ± 0.18 h, respectively. The treated parasites showed

a steady decline in their motility and survival time with

exposure to ascending concentrations of the test dosage.

Thus, a dose-dependent paralytic effect and subsequent

loss of motility of the parasite by the extract was evident in

the order-trematocide[cestocide.

In histochemical analysis, exposure to the crude root-

peel extract of P. fulgens and PZQ to R. echinobothrida

showed a visible reduction in the activities of all the three

enzymes (Fig. 1). Almost all the enzymes in the plant-

extract- and PZQ-treated sectioned tissue were found to be

diminished in the staining activity. Both cestodes and

trematodes showed similar extent of stain intensity for

different enzymes (in control and treated worms); there-

fore, photographs of only cestode material are presented

herein.

Biochemical analysis also showed that all the three

enzymes in the treated parasites exhibit significant reduced

activity; AcPase, AlkPase and ATPase were found to be

reduced by 69.20, 66.43 and 29.63% for R. echinobothrida

and by 47.96, 51.79 and 42.63% for G. crumenifer,

respectively compared to their respective controls.

Decreased enzyme activities were also recorded in the

parasites treated with PZQ (62.31, 72.33 and 20.48%

for R. echinobothrida and 52.24, 54.47 and 32.43% for

G. crumenifer, respectively) (Table 2).

Discussion

Different classes of anthelmintics are established to show

profound effects on the physical activities, generally cul-

minating into loss of mobility and mortality of helminth

parasites in a dose dependent manner (Urrea-Paris et al.

2000; Tippawangkosal et al. 2004; Xiao et al. 2004).

Following this basic technique, several plants/plant parts

such as Allium sativum, Albizzia lebbek, Artemesia santo-

nica, Buchholzia coriaceae, Cardiospermum halicacabum,

Gynandropsis gynandra, Houttuynia cordata, Neurolaena

lobata, Ocimum sanctum, Perilla frutescens, Polyalthia

suaveolens, Psidium guajava, Spilenthes oleracea, have

been reported as potent cestocides, trematocides or

nematocides (Kasuya et al. 1990; Singh and Nagaich 2000,

2002; Ajaiyeoba et al. 2001; Iqbal et al. 2001, 2004; Roy

2001; El Garhy and Mahmoud 2002; Boonmars et al. 2005;

Table 2 Biochemical effects of root peel-extract of P. fulgens and PZQ on test parasites in vitro

Treatment (mg/ml) Enzyme Activities (total/specific*) Decrease (%)

AcPase AlkPase ATPase AcPase AlkPase ATPase

R. echinobothrida

Control

(PBS)

17.83 ± 0.28

1.43 ± 0.03*

126.01 ± 1.53

10.25 ± 0.16*

232.42 ± 3.32

11.19 ± 0.16*

P. fulgens

(20 mg/ml)

5.49 0.50 ± 0.01*

± 0.05

42.30 ± 0.81

3.57 ± 0.13*

163.54 ± 12.58

8.61 ± 0.68*

69.20 66.43 29.63

P \ 0.0001 P \ 0.0001 P \ 0.05

PZQ

(0.02 mg/ml)

6.72 ± 0.23

0.59 ± 0.03*

34.87 ± 0.78

3.15 ± 0.09*

184.80 ± 1.87

9.58 ± 0.11*

62.31 72.33 20.48

P \ 0.0001 P \ 0.0001 P [ 0.0001

G. crumenifer

Control

(PBS)

108.94 ± 0.54

5.39 ± 0.03*

174.46 ± 1.78

8.05 ± 0.10*

153.31 ± 7.10

7.48 ± 0.35*

P. fulgens

(20 mg/ml)

56.69 ± 2.58

3.27 ± 0.15*

84.10 ± 5.27

4.13 ± 0.26*

87.95 ± 2.80

5.02 ± 0.17*

47.96 51.79 42.63

P \ 0.0001 P \ 0.0001 P [ 0.001

PZQ

(0.02 mg/ml)

52.03 ± 2.23

3.07 ± 0.18*

79.43 ± 1.21

3.83 ± 0.07*

103.58 ± 10.48

6.03 ± 0.63*

52.24 54.47 32.43

P \ 0.0001 P \ 0.0001 NS

Values are given as mean (SEM) from three replicates (n = 3)

Total activity formation of 1 lmol of product/h/g of wet tissue

* Specific activity activity/mg protein

P \ 0.05, statistically significant; P \ 0.0001, extremely significant; NS not significant
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Fujimaki et al. 2005; Temjenmongla and Yadav 2005;

Nyasse et al. 2006).

Results accrued from the present investigation indicate

that P. fulgens exhibits cestocidal and trematocidal prop-

erties comparable with other in-vitro studies involving

cestodes and trematodes (Roy and Tandon 1996, 1999; Roy

et al. 2007; Tandon et al. 1997). The trematode appears to

be the more susceptible helminth when treated in vitro.

The modes of action of anthelmintics are diverse,

reflecting the natural differences in the physiology of the

parasite and its potential hosts. It has been firmly docu-

mented that one of the hallmark effects of any anthelmintic

is the destruction of the worm’s surface. This is due to the

fact that the tegumental and/or cuticular structures are the

primary parasite-host interfaces, vital for absorption of

nutrients and perception of the surrounding micro-envi-

ronment provided by the host (William et al. 2001;

Mckinstry et al. 2003; Rivera et al. 2004; Xiao et al. 2004;

Roy et al. 2008). Histological studies have revealed that

anthelmintic agents induce considerable changes in the

internal structural features of helminths, resulting in loss of

normal cellular conformity in vital tissues (Roy et al. 2008;

Dasgupta et al. 2010). In the present investigation, the plant

extract was shown to cause reduction in the staining

activity of the tegumental enzymes. In biochemical quan-

tification also the enzyme activities in P. fulgens and PZQ

treated flukes were found to be reduced significantly

compared to the control ones. Other plant extract such as

that of Alpinia nigra shoot-extract showed similar effect on

AcPase, AlkPase and ATPase activities of Fasciolopsis

buski (Roy and Swargiary 2009).

The effects of the test plant on the motility and survival

of the parasite and alterations caused in their tegumental

architecture clearly indicate that the phytochemicals of

P. fulgens root bark may act as potential vermifuge or ver-

micide. In view of these observations further biochemical

studies involving isolated active component(s) of this plant

are warranted to confirm its anthelmintic efficacy.
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