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ABSTRACT 

The present study involves an investigation on the anthelmintic 
'J. 

efficacy of Acacia oxyphylla Graham ex Bentham (Family: Leguminosae) and 

Securinega virosa (Roxb. ex Willd.) Baill. (Family: Euphorbiaceae). The 

aqueous concoction of the plants (stem bark oi A. oxyphylla, leaves of 5. virosa) 

is taken by the Lushai tribe in Mizoram, a state in Northeast India, to cure 

intestinal worm infections. The in vitro activity of the extracts of the two plants 

and their active principles was tested against the poultry cestode, Raillietina 

echinobothrida. Alterations in the motility of the parasite, structural changes 

(both morphological and ultrastructural), changes in important enzymes 

associated with the tegument, free amino acid pool and vital trace elements were 

taken as parameters for the study. The plants were also tested in vivo against the 

rodent parasite Hymenolepis diminuta maintained in adult Wistar rats. Changes 

in EPG count pre-treatment and post treatment with the plant extracts and the 

percentage recovery of worms at the end of experimental period were used as 

parameters for in vivo experiment. 

1. In vitro studies 

a) Motility and mortality studies: In vitro treatment of the parasite with the 

plants' extracts, their fractions, and the reference drug praziquantel 

(PZQ) led to complete immobilization of the parasite followed by death. 

On exposure to the test solutions, the worms proceeded from a state of 

vigorous movements to a relaxed condition in which they continued to 

remain till they attained paralysis. The time taken for paralysis showed a 



dose-dependent effect as paralysis occurred at a shorter period of time for 

higher concentrations of test materials while for lower doses it took a 

much longer period of incubation. 10 mg/ml dose of crude extract of A. 

oxyphylla took 3.50 ± 0.12 h to cause paralysis in the parasite, which was 

comparable with the time frame of onset of paralysis in parasites treated 

with 0.001 mg/ml dose of PZQ. Onset of paralysis within a time span 

similar with 0.001 mg/ml dose of reference drug occurred at 3.76 ± 0.11 

h, with 25 mg/ml dosage of S. virosa, demonstrating A. oxyphylla to be a 

faster acting anthelmintic, 

b) Surface topography and ultrastructural studies: Stereoscan observations 

on control R. echinobothrida revealed normal contour of scolex having 

four suckers and a rostellum having spines. Trunk of the parasite 

comprised of a chain proglottides having fine microtriches arranged in a 

specific direction. On exposure to crude extract of A. oxyphylla and its 

fractions, proglottides became smaller and the surface erupted into 

blisters all over. Distortion and deformation of scolex was also 

prominent. A similar kind of distortion and deformation was observed in 

parasites exposed to S. virosa crude extract and its fractions as well. 

Transmission electron microscopic observations on the control worms 

revealed the typical cestode morphology with respect to the tegument, 

subtegument and inner parenchyma. The tegument of A. oxyphylla (crude 

and fractions of crude extract) treated worms was mostly stripped right 

down to the basal lamina and the remnants of the basal infolds left behind 

were highly swollen. There was an increase in electron-lucency of the 



background due to both glycogen loss and vacuole formation and the 

subtegument showed immense vacuolization and accumulation of debris. 

There was very little amount of GER remaining with no evidence of 

Golgi complexes. The parenchymal cytons of the treated parasites 

showed complete loss of connections with the surrounding parenchyma 

and the chromatin in the nucleus appeared clumped into large areas of 

electron-dense heterochromatin. Disintegrated muscle blocks, vacuolated 

tissue material, distorted subtegumental cytons and loss of cell organelles 

were some of the major damages seen. When cestodes were treated with 

the extract of S. virosa and its fractions, the distal cytoplasm was 

perforated and no tegumental discs or mitochondria were visible. The 

cytoplasm was observed to stream down into the subtegument basal 

lamina in the form of thin laminar processes. The lamina itself had 

vacuoles which went down to penetrate and cause disintegration of the 

subtegumental cytons (making them hardly discernible) between the 

muscle blocks. Here too the degree of damages was noted to be dose 

dependent. 

c) Histochemical localization and biochemical analyses of tegumental 

enzymes: On treatment with A. oxyphylla and S. virosa extracts, and PZQ, 

a decline in the levels of important tegumental enzymes, namely, 

adenosine triphosphatase, alkaline phosphatase and acid phosphatase was 

observed histochemically in various structures within the parasite. The 

same was confirmed with biochemical tests where a decline in the total 

and specific activities of these enzymes was observed. While control 



worms showed the highest activity for ATPase followed by AlkPase and 

AcPase, the treated worms went on to show decrease in the activities of 

all the three enzymes. AcPase activity declined most (97%) in the 

parasites, as compared to ATPase (72%) and AlkPase (90%), when 

treated with A. oxyphylla. On treatment with S. virosa, AlkPase activity 

was noticed to decline most (96%), as compared to ATPase (91%) and 

AcPase (34.5%). 

d) Free amino acid pool: The free amino acid pool of the control and the 

treated worms was evaluated using mass spectrometry. Out of the 20 

amino acids detected, Gly was found to be at the maximum level, followed 

by Ala, Ser, Pro, Val, Thr, Cys, Ile/Leu, Asn, Asp, Gln/Lys, Glu, Meth, His 

and Phe, respectively, in a decreasing order. Parasites treated with plant 

extracts and reference drug showed a marked decrease in the levels of Meth, 

Ile/Leu, Phe, Asn Gly, and Tyr. A. oxyphylla-tveaXed parasites showed an 

increase in the level of Thr while S. virosa showed an increase of Ala, Pro, 

Cys, Thr and Trp. 

e) Trace elements studies: On exposure to the plants' extracts and PZQ, the 

parasites were seen to lose high amounts of calcium and magnesium ions into 

the treatment medium as compared to the control groups which retained high 

levels of the two elements. 

2. In vivo studies 

Each acclimatized adult rat was infected with 5 cysticercoids of H. 

diminuta and later treated with single doses (25 mg and 50 mg/kg body 



weight for A. oxyphylla, and 750 mg and 1500 mg/kg body weight for S. 

virosa) of the two plants' extracts and PZQ, for three days. A significant 

decline in the post treatment egg count was noticed in all the treatment 

groups when compgired to the pre-treatment egg counts, except for the group 

treated with 750 mg of 5. virosa (16.8%-18.2% reduction only). On autopsy, 

50 mg A. oxyphylla and 1500 mg of 5. virosa treated groups showed 87% and 

83% decline in worm burden, respectively. PZQ reduced the worm recovery 

rate by 92%. However, 25 mg of A. oxyphylla and 750 mg of 5". virosafkg 

dose brought down the worm burden by 80% and 40%, respectively. 

3. Active principles testing: 

a) Motility and mortality studies: The active component of A. oxyphylla was 

isolated from the crude extract of the plant and was identified to be 12-

amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 

(20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid. Virosecurinine, the 

active component of 5. virosa was obtained commercially. When R. 

echinobothrida was incubated in the active principles of the two plants, 

there was a decline in the motility of worms resulting eventually in their 

death, taking 5.75 ± O.lh and 8.9 ± 0.01 h for 12-amino-7, 17-dioxo-2-

oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-

hexaene-12-carboxylic acid and virosecurinine, respectively. 

b) Surface topography and ultrastructural studies: Scanning electron 

microscopy revealed total depletion of microtriches which fused together 

to form masses. Proglottides were noted to be super-contorted and 



seemed to be breaking off from the main body at many places due to 

extreme shrinkage. The suckers in the scolex collapsed and retreated 

back, pushing the rostellum forward. Transmission electron microscopic 

observations showed that treatment with active compounds caused the 

tegument to strip off and the nuclei of subtegumental cytons to swell up 

severely. Mitochondria were found sparsely in the parasite body and were 

mostly acristate. 

c) Histochemical localization of tegumental enzymes: Histochemically, the 

control worms showed intense activity for all the three tegumental 

enzymes (ATPase, AlkPase and AcPase) while the treated worms 

portrayed a diminished or no activity of the enzymes in different 

structures of the body. 

The active principles (12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricy!o 

[14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic 

acid and virosecurinine) present within the plants seem to bring about all 

the alterations noticed in the present study by acting transtegumentally 

and as the tegument of cestodes happens to be the main interface of 

nutrition, the resulting effect is the instant paralysis and ultimate death of 

the parasite. 
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Introduction 
Gastrointestinal (GI) parasites are responsible for significant production 

losses in livestock worldwide (Gill and Lejambre, 1996), particularly under tropical and 

subtropical climates. A marginal level of nutrition and climate that favours survival of 

the parasites in most of the year explains why Gl infections are more devastating in 

these regions (Waller, 1997). Among GI parasites, helminthiasis plays a crucial role in 

small ruminant production leading to enormous economic losses particularly in areas 

where extensive grazing is practiced (Waller, 2006). It causes loss of production through 

mortality, weight loss, reduced milk and wool production (Soulsby, 1986). 

Control of helminth infections has traditionally been done using 

anthelmintics (chemotherapy) with best results being obtained when this approach is 

integrated with proper grazing management (Larsen, 2006; van Wyk et al, 2006, WHO, 

2009). In the last 2 - 3 decades there has been over-dependency and even misuse of the 

chemotherapeutic approach with consequent evolution of anthelmintic resistance 

(Ngomuo et al, 1990: Prichard, 1994). The broad-spectrum anthelmintics used in the 

control of different helminths fall into just three classes viz. the benzimidazoles, 

imidothiazoles and macrocyclic lactones (Behnke et al, 2008). Resistance to all the 

three drug classes now occurs in the major helminth parasites of sheep and goats 

throughout the world (Waller, 1997). 

Moreover, these drugs are unaffordable, inaccessible or inadequately 

available to the resource poor farmers of the developing countries (Hammond et al, 



1997). To add to it, there is a growing concern over drug residues in the food chain and 

the environment. Alternative approaches to helminth control are needed to circumvent 

some of the above constraints. Search for novel anthelmintics that are more sustainable 

and environmental friendly is undoubtedly a sensible approach to the control of parasitic 

infections. One such alternative could be harnessing of the available ethnoveterinary 

knowledge (Fajimi and Taiwo, 2005; Roy et al, 2008; 2009; Challam et al, 2010), i.e., 

the use of medicinal plants with anthelmintic activity. This includes the use of herbal 

preparations that may offer a cheaper and sustainable alternative to synthetic drugs, 

provided of course that they have reasonable levels of efficacy. 

Evaluation of the activities of medicinal plants claimed for anthelmintic 

property is getting attention these days (Roy, 2001; Kar et al, 2002; 2004; Pessoa et al, 

2002; Alawa et al, 2003; Das et al, 2004 a, b; Githiori, 2004; Iqbal et al, 2004; Roy et 

al, 2008). Use of plants as a source of medicine has been inherited and is an important 

component of the health care system in India. The World Health Organisation (WHO, 

1999), estimated that 80% of the populations of developing countries rely on traditional 

medicines, mostly plant drugs, for their primary health care needs. Also, modem 

pharmacopoeia still contains at least 25% drugs derived from plants and many others 

which are synthetic analogues built on prototype compounds isolated from plants. 

Demand for medicinal plants is increasing in both developing and developed countries 

due to growing recognition of natural products, being non-narcotic, having no undesired 

effects, easily available at affordable prices and sometime the only source of health care 

available to the poor (Roy and Tandon, 1996; 1999; Roy, 2003). Medicinal plant sector 



has traditionally occupied an important position in the socio cultural, spiritual and 

medicinal arena of rural and tribal lives of India (Roy et al, 2007 a, b; Challam et al, 

2010; Dasgupta et al, 2010). 

There are about 45,000 plant species in India, with concentrated hotspots 

in the region of Eastern Himalayas, Western Ghats and Andaman & Nicobar Island (Das 

et al, 2006). The officially documented plants with medicinal potential are 3000 but 

traditional practitioners use more than 6000. India is the largest producer of medicinal 

herbs and is appropriately called the botanical garden of the world. There are currently 

about 2,50,000 registered medical practitioners of the Ayurvedic system (total for all 

traditional systems: approximately 2,91,000), as compared to about 7,00,000 of the 

modem medicine system (Ahmedullah and Nayar, 1999). Millions of rural households 

use medicinal plants in a self-help mode. 

The use of medicinal plants for the prevention and treatment of gastro­

intestinal parasitism has its origin in ethnoveterinary medicine. Public, academic and 

government interest in traditional medicines is growing exponentially due to the 

increased incidence of the adverse drug reactions and economic burden of the modem 

system of medicine (Dubey et al, 2004). In the oral traditions, local communities in 

every climatic condition from the trans-Himalayas down to the coastal plains have 

discovered the medical uses of thousands of plants found locally in their ecosystem. It is 

a culture that is of tremendous contemporary relevance because it can on one hand 

ensure health security to millions of people and on the other hand it can provide new and 

safe herbal drugs to the entire world. 



A number of plants have been used in different parts of the globe to 

evaluate their anthelmintic efficacy. Leaves, dried flowers and oil from Chenopodium 

ambrosioides, a shrub that originated from Central America and has been distributed 

around the world, have all been used as anthelmintics since the early 1900s (Guarrera, 

1999). Pavetta owariensis extract and its proanthocyanin components caused significant 

reduction in Schistosoma mansoni burden in experimentaJJy infected mice (Balde et ah. 

1986, 1989). Ruta graveolens, Cucurbita maxima, Artemesia absinthum and Allium 

sativum are used traditionally to cure intestinal worm infection (Guarrera, 1999), among 

which, C. maxima is a proven anthelmintic (Srivastava and Singh, 1967). A. sativum 

ingestion inhibits larval development of human nematodes (Bastidas, 1969) and its 

extract is far more potent than praziquantel against Taenia saginata cysticerci 

(Mohamoud and ElAlfy, 2003). Lotus pedunculatus, L. corniculatus, Hedysarum 

coronarium, Onobiychis viciifolia, Dorycnium rectum, D. pentaphyllum and Rumex 

obtusifolius, all rich in condensed tannins, induced paralysis in the nematode 

Trichostrongylus colubriformis (Molan el ah, 2000). Dictyocaulus sp. burden was 

greatly reduced in red deer calves on treatment with Medicago sativa, L. corniculatus 

and H. coronarium (Hoskin et al., 2000). C. ambrosioides oil is noted to significantly 

reduce egg per gram count of Haemonchus contortus in goats (Kato et al., 2000; Ketzis 

et al, 2002). 

The neem tree (Azadirachta indica) is known for its medicinal properties 

and has been recommended for use against gastro-intestinal nematodes and related 

problems in many parts of the world (Biswas et al, 2002; Subapriya and Nagini, 2005). 



Ethnoveterinary sources from south-east Asia report that cassava forage {Manihot 

esculentd) has been used by traditional healers with success for the control of internal 

parasitism (Sokerya and Preston, 2003). Consumption of cassava hay resulted in lower 

faecal egg counts and worm burdens in sheep parasitised with abomasal and intestinal 

nematodes compared with unsupplemented controls (Sokerya and Preston, 2003; 

Bunyeth and Preston, 2006). The consumption of leaves of wormwood in the form of 

powder {Artemisia brevifolia). one of the bitterest of plants, has been tested in a 

controlled study for its anthelmintic activity. Iqbal et al, (2004) demonstrated that the 

consumption of the whole plant resulted in a 62% reduction of egg counts of the 

abomasal nematode H. contortus. Consumption of fagara leaves {Zanthoxylum 

zanthoxyloides), a native tree from Africa, resulted in reduced egg excretion by the same 

nematode in sheep, when consumed regularly in small amounts (Hounzangbe-Adote et 

al, 2(M)5). Fumaria parviflora whole plant. Ananas comosus stem, A. indica seeds, 

Caesalpinia crista seeds showed significant effect on H. contortus larvae and adults 

(Singh et al, 2004; Hordegen et al, 2006) and F. parviflora effectively reduced the 

faecal egg counts of T. colubriformis of sheep (Hordegen et ah, 2003). Similarly, 

lespedeza {Sericea lespedeza), a grazing perennial legume native of Eastern Asia, 

showed promising anthelmintic activity when fed fresh or as hay to goats (Min et al., 

2004; Shaik et al, 2004; Lange etal, 2006). 

Microscopy has a long and distinguished history in the study of helminth 

parasites and has made a singularly outstanding contribution to understanding how these 

complex animals organise their lives and relate to their hosts. Increasingly, the 



microscope has been used as a powerful investigative tool in multidisciplinary 

approaches to parasitological problems, placing emphasis on functional correlates rather 

than anatomical detail. In doing so, microscopy has also uncovered a number of 

attributes of parasites that are of wider significance in the field of biology (Tandon and 

Roy, 2002). Parasite surfaces have understandably demanded most of the attention of 

microscopists, largely as a result of the pioneering studies using transmission electron 

microscopy. Their findings focused the attention of physiologists and immunologists on 

the tegument and cuticle of helminths and in doing so helped unravel the complex 

molecular exchanges that are fundamental to understanding host-parasite interactions. 

Scanning electron microscopy succeeded in augmenting these data by revealing novel 

micro-topographical features of the host-parasite interface, as well as proving invaluable 

information in helminth taxonomy and in assessing the efficacy of test substances in 

drug screens (Roy and Tandon, 1990, 1992, 1993; Roy and Dutta, 2003). Control of 

helminth parasites has never been more critical; problems of drug resistance demand 

urgent action to identify exploitable targets for new generation anthelmintics. 

Over the years, electron microscopy has helped to reveal the effect of 

various drugs on parasites. Different anthelmintic drugs have been shown to cause 

diverse morphological alterations in parasites. Treating mice infected with the Egyptian 

strain of S. mansoni, with garlic resulted in swelling of the tegument accompanied by 

widespread vacuolization (Riad et al., 2009). Similar results were obtained under the 

influence of praziquantel (PZQ), as studied by Modha el al, 1990; Staudt et al, 1992; 

Liang et al, 2002; Mohamed et al, 2006). Comparable drug effects, such as blebbing, 



swelling of the tegument, loss of spines and distortion of suckers have been observed in 

Fasciola gigantica treated with the natural compound, propolis (Hegazi et al., 2007). 

Extensive blabbing of F. hepatica surface was observed on incubation of the parasite in 

0.27 mg/ml of genistein (Toner et al., 2008). 

In India, many traditionally used plants have been proven to possess 

anthelmintic potential. Anthelmintic efficacy of the seeds of Butea monosperma syn. B. 

frondosa has been reported against ascarids, stomach worms of sheep and Ascaridia 

gain (Garg and Mehta, 1958; Ramanan, 1960; Satyanarayanrao and Krishnaiah, 1982). 

Chakraborty et al. (1979) studied the anthelmintic properties of Tribulus terrestris, a 

perennial plant common in India. They reported that alcoholic extracts of the dried and 

ground plants expelled 64 and 79% of experimental infections of A. galli in poultry, 

depending on the concentration used. The alcoholic extract of the stem bark of Punica 

granatum has been evaluated for its proclaimed anthelmintic potential. The extract was 

found to inhibit transformation of eggs to filariform larvae of H. contortus (Prakash et 

al., 1980). In clinical studies, the plant showed strong anthelmintic efficacy in calves 

(Pradhan et al., 1992). Various extracts of seeds of Vernonia anthelmintica have been 

proven to function against Fasciolopsis buski, Ascaris lumbricoides and Hymenolepis 

nana (Singh et al, 1985). 

Jantana, an ayurvedic preparation, was used by Sharma (1993) in a trial 

with 26 cattle with mild to moderate mixed infections of Haemonchus spp., Strongylus 

spp., Trichostrongylus spp. and Nematodirus spp. Some of the constituents of this herbal 

preparation are listed as powdered Artemisia maritima, Brassica nigra. Cassia 



lanceolata, V. anthelmintica, Cuprium sulphas and Embelia rites. No untoward effects 

were reported as a result of this treatment. Faecal egg counts were reduced to zero, 7 

days after treatment. Ethanol extract of Centella asiatica proved to be effective against 

canine dirofilariasis (Chakraborty et al., 1996). Seeds of cucumber and pumpkin have 

also been found to have anthelmintic activity against tapeworms (Waller et al, 2001). 

Similarly, root bark of Capparis spinosa and leaves of Ocimum sanctum were also 

found to possess potent anthelmintic activity (Asha et al., 2001; Mali et al, 2005). The 

crude alcoholic and aqueous exracts of Cleome viscosa showed activity against A. galli 

and Pheritima posthuma (Mali et al., 2007). Alcohol and aqueous extracts of the roots 

of Baliospermum montanum Muell. Arg were found to exhibit significant anthelmintic 

activity against A. galli (Mali and Wadekar, 2008). 

In "Northeast India, many traditionally used plants have acquired scientific 

credence over the period of time. The crude extract of root tubers of Flemingia vestita 

was reported to be effective against Ascaris suum, in vitro (Yadav et al., 1992). The 

extract further proved to be effective and responsible for tegumental alterations in 

trematodes Paramphistomum spp., F. buski and cestode Raillietina echinobothrida (Roy 

and Tandon, 1996; Tandon et al, 1997). The crude extract of the leaves of Cannabis 

sativa caused paralysis of F. buski followed by death and was found to be more potent 

than the reference trematocidal drug oxyclozanide (Roy and Tandon, 1997). Aerial 

shoot extract of Trifolium repens and leaf extract of Strobilanthes discolor, consumed 

by Naga tribes, caused significant reductions in faecal egg counts of Hymenolepis 

diminuta (Tangpu et al, 2004; 2006). 



Roy et al. (2008, 2009) showed that the root peel extract of Millettia 

pachycarpa and shoot extract of Alpinia nigra causes severe ultrastructural alterations in 

the tegument and subtegument of R. echinobothrida and F. buski, respectively, when 

treated in vitro. Roy and Swargiary, (2009) showed that the shoot extract of ̂ 4. nigra can 

reduce the activities of several tegumental enzymes in F. buski, an intestinal giant fluke 

of zoonotic importance in Northeast India. Recently, leaf extract of Lysimachia ramosa, 

a plant used traditionally by the natives of Meghalaya, was reported to be efficacious 

against F. buski and R. echinobothrida (Challam et al., 2010). 

If natural plant products are to be exploited in the future as medicines for 

human use or for the treatment of livestock, then isolation and characterisation of their 

active principles become an essential prerequisite to further progress. One of the plants 

most commonly mentioned in the Nordic literature is male fern (Dryopteris filix-mas), a 

common fern that is widespread throughout the Northern hemisphere. Extracts from 

powdered rhizomes were first used by the Greeks (circa 350-250 BC) to treat tapeworm 

infections. This product (oil of aspidium) became an established product in many 

pharmacopoeia of the Western World and was sold until the end of the 1940s. A number 

of active compounds have been isolated from this product, and it appears that the 

anthelmintic constituent is filicic acid (Waller et al., 2001). Members of the family 

Asteraceae occupy a prominent position in the herbal de-worming literature. The 

Romans used dried, unexpanded flower heads obtained from several species of the 

genus Artemisia in the first century, for the treatment of Ascaris, Enterobius and 

tapeworm infections (Steinegger and Hansel, 1972). It remained an important member 



of the European pharmacopoeia until the early 20* century. The active principle was 

found to be the sesquiterpene lactone, santonin. High fatality of Panagrellus redivivus 

and Caenorhabditis elegans resulted on exposure to sedanolide, senkyunolide-N and 

senkyunolide-J, isolated from Apium graveolens seeds (Momin and Nair, 2001). Melia 

azedarach extract proved to be more efficacious than the reference drug piperazine on 

the cestodes Taenia solium (Szewczuk et al, 2003, 2006). More recent pharmacological 

studies have demonstrated the pharmacological basis of this chemical (Githiori et al., 

2003 b; Sukul et al, 2005). Active plant ingredients like palasonin from Butea 

monosperma, santonin from Artemisia maritima and benzyl isothiocyanate from Carica 

papaya have demonstrated high anthelmintic efficacy (Tagboto and Townson, 2001; 

Githiori et al, 2006; Gomez-Galera et al, 2007), but, many plant components have not 

lived up to their expectations when tested rigorously (Githiori et al, 2003 a), and very 

few have been found to have curative properties that can compete effectively with 

synthetic drugs (Hammond et al, 1997). Presently, there are no naturally-derived plant 

products sold commercially in the markets for the treatment of worm infections (Githiori 

et al, 2006). 

Exceptional natural products, like penicillin is a ftingal product and 

indeed ivermectin itself is a bacterial product, being derived from the soil bacterium 

Streptomyces avermitilis have become widely accepted (Campbell, 1985). Quinine for 

the treatment of malaria is an obvious example, as is artemisinin or quinghaosu from 

Artemisia annula (Tagboto and Townson, 2001; Taylor and Berridge, 2006). In recent 

years, the drug artemether, a derivative of artemisinin that is well known for its 



antimalarial properties (Mcintosh and Olliaro, 1999), has gained importance also in 

schistosomiasis chemotherapy (Xiao et ah, 2000 a, b). Scanning electron microscopy 

showed that artemether caused extensive and severe damage to the tegument of 21-day-

old schistosomules, including swelling, erosion, peeling and vesiculization (Xiao et ah, 

2000 c). Among plant derived molecules that have anti-parasitic activity and have been 

used as veterinary parasiticides at times there are nicotine, pyrethrum and rotenone. The 

former two provided templates for the development of synthetic mimics which include 

the pyrantel group for nematodes and synthetic insecticides, respectively. Rotenone has 

been known to inhibit NADH-cytochrome c oxidoreductase activity of A. suum 

mitochondria, also reported to be a cestocide when tested against R. echinobothrida 

(Takamiya et al. 1984: Lalchhandama, 2008). Some plants, like Citrullus vulgaris, 

which contain condensed tannins, have been demonstrated to be active against cestode 

parasites of small ruminants (Nguyen et al., 2005). 

Acacia spp. are purported to be effective as anthelmintic, anti-bacterial 

and antifungal agents, and by virtue of their belonging to the Leguminosae family, the 

most pharmacologically active components of the plants of this genus are known to be 

the condensed tannins (CTs), a class of phenolic secondary metabolites that are 

relatively stable in the digestive tracts of animals and rarely have toxic effects. The 

genus Acacia also contains saponins like Acaciaside A and B, which have been proven 

to have nematocidal and cestocidal activity (Ghosh et al., 1993, 1996). 

The natives of Mizoram (Northeast India) use many plants to get rid of 

intestinal worm infections. The root of Imperata cylindrica, fruit and root of Embelia 
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ribes, stem bark of Acacia oxyphylla, leaves of Securinega virosa, and root peel of 

Millettia pachycarpa are some of the majorly used anthelmintic plants of the state 

(Lalfakzuala et al., 2007). Among these plants, two popularly used ones are A. oxyphylla 

and S. virosa. 

A. oxyphylla is a perennial leguminous plant highly abundant on the 

mountainous slopes near the rivers and streams in the state of Mizoram and two 

teaspoons of the aqueous juice of the stem bark of the plant is taken twice a day against 

gastrointestinal worms in the rural traditional medicine practised among the Lushai 

tribe. Anthelmintic property of the plant has recently been reported by Roy el al. (2007 

a). S. virosa is a multi-stemmed shrub with creamy green flowers and berry-like white 

fruits and found abundantly in Mizoram. The natives take three teaspoons of the 

aqueous concoction of the leaves of the plant twice a day to counter intestinal worm 

infections. According to Kirtikar and Basu (1975) the bark contains 10 percent of tannic 

acid, and an alkaloid. In Philippines (Rizal Province), the charcoal of the wood is 

powdered and used as a cicatrizant of wounds, and a decoction of the leaves is used for 

cleansing wounds. The juice of the leaves, or the leaves made into paste with tobacco, is 

used to destroy worms (Kirtikar and Basu, 1975; Caius, 1935). Dalziel (1936) stated that 

the leaves have laxative properties and are taken in decoction. The root, sometimes with 

the leaves, is taken for venereal diseases. Dalziel (1936) further says that the bark is 

sometimes astringent and appears to be poisonous. The West Ashantis use the roots to 

cure gonorrhea. The Ewe people of Togoland use a decoction of the leaves internally to 

cure constipation. 
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Acacia oxyphylla (Leguminosae) Securinega virosa (Euphorbiaceae) 

In India, chickens play an important role in the provision of animal 

protein for the population, as both poultry meat and eggs are affordable sources. 

Parasites are common in the tropics where the standard of husbandry is poor and 

climatic conditions are favourable for the development of parasites (Gedion, 1991). Of 

the diseases that reduce productivity of rural poultry, parasitic diseases come first. Even 

though, parasitic diseases are among the major causes that decrease productivity of 

chickens, they are often neglected (Alemu, 1985; Sonaiya, 1990; Calnek et al., 1991). In 

this respect it is observed that parasitic cestodes in poultry are known to cause retarded 

growth, enteritis, diarrhea and hemorrhages (Gordon and Jordan, 1982). Heavy 

infections due to R. echinobothrida and other intestinal helminthes may cause death of 

young birds apart from the loss of egg production in laying chickens (Soulsby, 1986; He 

etal., 1990; Ojok, 1993). 

Although the majority of the evidence on antiparasitic activity of plants 

has been traditionally based on anecdotal observations, there are currently an increasing 

number of controlled experimental studies that aim to verify, validate and quantify in a 

scientific manner such plant activity. There are two approaches that have been employed 
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for this purpose. The first one is through offering plants or plant parts to naturally or 

experimentally infected animals and quantifying the consequences of their consumption. 

The second approach is through testing plant extracts and concoctions derived from 

medicinal plants via in vitro systems. Although a number of medicinal plants have been 

evaluated through these methodologies and have been found to be active against 

parasites, the purported antiparasitic properties of a large variety of plants have not been 

reproduced under controlled experimentation. 

To the best of knowledge, the direct effects of the extracts of the two 

plants on helminth parasites have not been examined properly. Therefore, in an effort to 

validate the activities of the plants in a scientific manner and to discover novel 

anthelmintics from these plants, the present study was designed to investigate the w 

vitro effects of the stem bark of A. oxyphylla and the leaves of 5". virosa, and their active 

anthelmintic components on R. echinobothrida, the cestode of domestic fowl. The same 

plant parts were also used in vivo against H. diminuta, the rat intestinal tapeworm which 

also accidentally infects humans. 

The objective of the present investigation is, therefore, 

a. to test the in vitro and in vivo anthelmintic efficacy of traditional medicinal plants, 

namely, A. oxyphylla and S. virosa 

b. to identify the active principles of the plants responsible for anthelmintic activity 

c. to compare the efficacy of these phytochemicals with standard broad spectrum 

anthelmintics. 
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Materials and methods 

1. Experimental parasites 

Mature Raillietina echinobothrida (Megnin, 1880) (Class: Cestoda; 

Subclass: Eucestoda; Order: Cyclophyllidea; Family: Davaineidea), cestode parasite 

of chicken, and Hymenolepis diminuta (Rudolphi, 1819) (Class: Cestoda; Subclass: 

Eucestoda; Order: Cyclophyllidea; Family: Hymenolepididae), cestode parasite of 

rats and humans. 

2. Plant materials 

Acacia oxyphylla Graham ex Bentham (Family: Leguminosae), called 

'Khangngo' by the Lushai natives, is a perennial leguminous plant highly abundant 

on the mountainous slopes near the rivers and streams in the state of Mizoram 

(Northeast India). Securinega virosa (Roxb. ex Willd.) Baill. (Family: 

Euphorbiaceae), called 'Saisiak' by the natives, is a shrub, about Im tall with 

numerous ovoid, white fruits on stems and twigs. It is widely distributed in 

temperate zone and subtropical zone and was collected from the forests near Aizawl 

and Lunglei. Both the plants were identified by Dr. H. S. Thapa, Dept. of Botany, 

Pachhunga University College, Mizoram University, Aizawl. The desired plant 

parts (stem bark of ^. oxyphylla and leaves of 5. virosa) were finally processed for 

further work. 
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3. Preparation of plant extracts and fractionation of crude 

extracts 

Stem bark of A. oxyphylla and fresh leaves of S. virosa were collected 

from Mizoram, India. They were washed gently with distilled water to remove any 

extraneous materials and dried at 50 C in an oven. After grinding, the material was 

placed in a reflux flask having rectified spirit (lOOg/1) for 8 h at 60 C, and the cooled 

suspension was filtered through Whatman filter paper No.] to remove the small 

particulate plant parts. The filtrate is then distilled to remove the solvent. The 

semisolid crude extracts of the plants thus recovered were dried in an oven at 50°C. 

In this manner, refluxing was repeated three times. Approximately 2 g and 5 g 

residue was recovered from 100 g of dried stem bark of A. oxyphylla, and dried 

leaves of S. virosa, respectively. Different fractions of the crude alcoholic extract 

were prepared by dissolving the crude extract with solvents like acetone and 

methanol in a separating flask, followed by filtration and evaporation of solvent in 

an oven at 50°C. 

The same procedure of fractionation was used with other solvents like, 

benzene, diethyl ether and ethyl acetate, for both the plant materials, but the crude 

extracts of the same were not soluble in these solvents. 

4. Isolation and identification of active compound 

The crude alcoholic extract (2 g) of the plant material was mixed with 

40% methanol and stirred on a rotary shaker for 24 h after which the resulting 
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supernatant solution was decanted and filtered. This filtrate was then subjected to 

reverse phase chromatographic column (SUPELCO, 5ftm bead size), eluted with a 

mobile phase composed of methanol-water solution (40 : 60 v/v, also containing 

0.1% formic acid) and detected at 220 nm using Agilent 1100 HPLC, that afforded 

five fractions, Fraction 1 (Fl), Fraction 2 (F2), Fraction 3 (F3), Fraction 4 (F4), 

Fraction 5 (F5). Fl: 1400 mg, F2: 178 mg, F3: 27 mg, F4: 50 mg, F5; 310 mg. After 

testing of these subtractions against the cestode parasite R. echinobothrida, two 

fractions (Fl and F5) were found to be the most active. Among these, F5 proved to 

have a higher anthelmintic potential and so was further fractionated to yield F5-ld 

(160 mg) and F5-2d (16 mg). Testing of F5-ld and F5-2d proved that F5-2d was a 

more potent anthelmintic. The purified F5-2d component was further interpreted 

through NMR & IR by Dr. P. S. Parameswaran, National Institute of 

Occeanography, Goa. 

Virosecurinine is an isomer of the securinine group of alkaloids and is 

known to be the active component of 5. virosa leaves. It was commercially obtained 

fi-om Pharmeks, Moscow (Code no. PHAR 058226). 

Virosecurinine (C13H15NO2) 
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5. In vitro experiments 

5.1. Motility and mortality tests 

Adult R. echinobothrida collected from the intestine of freshly sacrificed 

domestic fowl were maintained in 0.9% physiological buffered saline (PBS) at 39 ± 

r C and later treated with an incubation media (PBS) containing a particular 

concentration of crude ethanol extract of the plant, its acetone or methanol fraction, 

the plants' active principles (F5-2d and virosecurinine), and praziquantel (PZQ: 

reference cestocidal drug; Distocide) dissolved in 0.1% dimethyl sulphoxide 

(DMSO). Control worms were simultaneously incubated in the culture medium 

containing 0.1% DMSO only. A particular concentration was tested with five 

replicates, each containing a batch of six worms with approximately the same size, 

weight and maturity. Paralysis was recorded as the state in which there was no 

visual movement on the part of the worms even on physical stimulation. Death of 

the worms was ascertained by dipping them in warm PBS, which induced 

movements in the live worms. 

At a concentration of 50 mg and 25 mg crude extracts/ml PBS and their 

fractions, and 0.01 mg PZQ/ml PBS, the time taken for paralysis and subsequent 

death of the treated parasites was recorded (Table 1). However, with a view to 

prolong the time for onset of paralysis and thus allow sufficient time for a 

significant effect to set in, lower concentrations (5 and 10 mg extract/ ml of PBS, 

and 0.001 mg PZQ/ ml PBS) of the test materials were also used. On exposure to 10 
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mgA. oxyphylla ethanol extract, 25 mg S. virosa ethanol extract and 0.001 mg PZQ, 

paralysis in parasite tissue was observed to ensue within a comparable time span. 

Thus, these concentrations were selected to carry on fiirther studies involving other 

parameters like motility, survivability, ultrastructural, histochemical and 

biochemical changes, in the treated parasites. 

5.2. Surface morphology and ultrastructural studies 

Scanning electron microscopy 

The paralysed parasite material was fixed in 10% neutral buffered 

formalin (NBF) at 4°C for 24 h, washed in PBS and dehydrated in ascending grades 

of acetone to absolute acetone. The specimens were then treated with tetramethyl 

silane (TMS) for 15 min and air dried at 25°C, following the protocol of Dey el al. 

(1989), modified by Roy and Tandon (1991). The dried material was put on metal 

stub according to the orientation required and sputter coated with gold in a fine-coat 

ion sputter, JFC-1100 (JEOL). The gold-coated specimens were viewed using JEOL 

(JSM 6360) scanning electron microscope at an electron accelerating voltage of 10-

15 kV. 

Transmission electron microscopy 

Soon afiter paralysis, one specimen (mature proglottid) each from 

different concentrations of crude extracts, different fractions, reference drug, along 

with one set of control was fixed in modified Kamovsky's fixative (2% 

paraformaldehyde, 2.5% gluteraldehyde buffered with 0.1 M sodium cacodylate; 
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pH 7.4) at 4 C for 4 h followed by secondary fixation in 1% osmium tetra oxide 

(OSO4) in the same buffer for 1 h at 4°C. Specimens were dehydrated in graded 

series of acetone, cleared in propylene oxide and embedded in araldite in beem 

capsules. Ultra-thin sections (600-900A) were cut on an RMC ultra microtome, 

MT-X, with a diamond knife. The ultra-thin sections were then collected on 

uncoated copper grids, stained with 5% aqueous uranyl-acetate solution for 10 min 

at 40°C followed by lead citrate (Reynolds, 1963) and examined with a JEM 100 

CXII Transmission Electron Microscope (JEOL) at an electron acceleration voltage 

ofgOkV. 

5.3. Histochemical localization of tegumental enzymes 

Adenosine triphosphatase (ATPase) 

For the demonstration of ATPase activity, calcium method of 

Maengwyn-Davies et al. (1950) (as referenced in Pearse, 1968) was followed. 

Tissue pi^eparcftioi^: 

The frozen sections of 12-14 \m\ thickness were incubated in a fi-eshly 

prepared incubation medium (pH 9.9) containing 0.1 M glycine and 0.4 M KCl in 

saturated sodium acetate, 0.36 M CaCb, 1.0 M KOH, 0.04 M Na-ATP, distilled 

water and saturated sodium phosphate, for 0.5-3 h. The sections were then washed 

in three changes of 1% CaCb in 75% ethanol, transferred to 2% cobalt chloride for 

3 min. and developed in 1% yellow ammonium sulphide, finally washed in distilled 

water, dehydrated and mounted in suitable synthetic medium or mounted in 

glycerine jelly. The activity of ATPase showed as a blackish brown deposit. 
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Alkaline phosphatase (AlkPase) 

A modified coupling azo-dye method described by Pearse (1968) was 

followed for the determination of AlkPase activity. 

Tissue preparaHot^: 

The specimens were fixed in 10% NBF at 4°C for 10-16 h, washed 

thoroughly in running water and processed for frozen sectioning. Sections were cut 

at 10-15 |jm thickness and mounted on clear slides without adhesive and allowed to 

dry in air for 1-3 h. Frozen sections were incubated in Fast Violet B (2-

benzoylamine-4-methox)'toluidine) freshly prepared in 0.1 M stock Tris buffer at 

pH 10.0 at room temperature (]7-20°C) for 15-60 min., washed in running water for 

1-3 min., counter stained in Mayer's haemalum (1-2 min), again washed in water 

for 30-60 min. and mounted in glycerine jelly. The sites of AlkPase activity were 

coloured brown and the nuclei were coloured dark blue. 

Acid phosphatase (AcPase) 

The AcPase activity was demonstrated following the modified lead 

nitrate method of Takeuchi and Tanoue (1951), wherein P-glycerophosphate was 

used as the substrate. 

Tissue preparatlot^: 

The live control and treated parasites were fixed in cold formol calcium 

fluid (prepared with 4% formaldehyde containing 1% CaCh at pH 7.0) and kept 

overnight. The fixed materials were washed extensively in water. Frozen sections 

were cut at a thickness of 10-15 yxn in a cryo microtome (Leica CM 1850) and 
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incubated in a freshly prepared medium containing 2 volumes 2% sodium- p-

glycerophosphate, 1 volume 0.1 M acetate buffer (pH 5.0-6.0), 1 volume 2% lead 

acetate and 0.3 volume 1-5% MgCb, at 37°C for 2 h. After staining, the sections 

were rinsed in distilled water and developed in ammoniacal silver nitrate solution 

(prepared by adding 28% ammonia water drop by drop to 5% aqueous AgNOs until 

the precipitate just dissolved) for 30 min. Then the specimens were rinsed in 5% 

sodium thiosulphate for 5 min, dehydrated, cleared, and mounted in Canada balsam. 

A brownish precipitate indicated sites of AcPase activity. 

5.4. Biochemical analyses 

Protein estimation and specific activitj' 

Protein was estimated following the method of Lowry el al. (1951), using 

bovine serum albumin as the standard. Specific activity of the enzymes was 

expressed as the units of enzyme activit)' per mg protein. 

Tegumental enzj'mes 

Adenosine triphosphatase (ATPase) 

The ATPase activity was assayed by estimating the free phosphate 

released, following the method of Kaplan (1957). Treated parasites were kept at -

20°C just after they were paralysed, till they were used for estimation. The 

estimations were completed within two-three days of sampling during which 

enzyme activities are supposed to remain unaltered. 
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The frozen tissues were thawed on ice and 10% homogenate (w/v) was 

prepared following Kaplan (1957) in glycine buffer at pH 9.1. The homogenate was 

sonicated for 30 sec using 10% tissue homogenate and Triton-X (0.5% v/v final 

concentration at 1:1 ratio) before ATPase assay. This treatment was standardized 

and found to be optimum. 

Assay mixture (final volume 1ml) contained the following: 

Sodium glycine buffer, pH 9.1 (91.43 jimoles) 

CaCb (45.71 ^mioles) 

Na-ATP (45.71 jimoles) 

Tissue extract as enzyme source 0.2 ml 

The assay mixture was preincubated for 5 min at 37 ± 1°C before 

addition of the tissue homogenate to initiate the reaction. The reaction was 

terminated after Ih by addition of 1 ml of 15% trichloroacetic acid (TCA) to the 

reaction mixture. The tissue blank was prepared for each assay with the addition of 

TCA prior to the addition of the tissue extract. The precipitated protein was 

separated out by centrifugation at 300-400 rpm for 10 min at room temperature. 

The phosphate formed was estimated in the supernatant following the 

method of Fiske and Subbarow (1925). To 0.25 ml of the supernatant was added 

0.75 ml water, 0.5 ml 5 N sulphuric acid, 0.5 ml ammonium molybdate (2.5% w/v) 

and 0.1 ml freshly prepared Fiske and Subbarow reducer (2.5% w/v solution in 
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water of the mixture of 6 part sodium sulphate: 6 part sodium metabisuiphite: 1 part 

l-amino-3-naphthol-4-sulphonic acid). The reaction mixture was incubated for 10 

min and the O.D. taken at room temperature against zero time tissue blank where 

TCA was added prior to the addition of enzyme. The amount of phosphate present 

was calculated from a standard graph prepared using different concentrations of a 

monophosphate (0.1-1 [jmole of KH2PO4), which was linear. 

One unit of ATPase activity was defined as that amount which catalysed 

the release of 1 jimole of phosphate/h at 37 ± ]°C from ATP. The enzyme activity 

was expressed as the total activity (units/g wet wt. of tissue) and specific activity 

(units/mg protein). 

Alkaline phosphatase (AlkPase) 

The AlkPase activity was estimated following the procedure described by 

Plummer(1988). 

sant-pLe preparatCoi^: 

A 10% (w/v) tissue homogenate of the parasite was prepared in 125 mM 

sodium glycine buffer at pH 10.0. The homogenate was centrifliged at 5000 rpm at 

0 ± 2°C for 20 min. and the supernatant was used for the enzyme assay. 

77?̂  reaction mixture (final volume J ml) of contained the following: 

Sodium glycine buffer, pH 10.0 (22.8 ^moles) 

p- nitrophenyl phosphate (114.2 )imoles) 

Tissue extract as enzyme source 0.2 ml 
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The assay mixture minus tissue extract was incubated in a serological 

water bath at 37 ± 1° C for 5 min. 200 îl of the tissue extract was then added to it 

and incubated for 20-30 min and the reaction was stopped by adding 5 ml of 0.02 N 

NaOH solution. For blank, similar procedure was followed using 200 p,l of buffer 

instead of enzyme solution. The increase or decrease in O.D. at 420 nm was 

recorded and the amount of p- nitrophenol produced was calculated from a linear 

standard curve prepared using different concentrations (0.01-0.1 mM) of p-

nitrophenol. 

One unit of AikPase activity was defined as that amount which catalysed 

the formation of 1 mM p- nitrophenol/h at 37 ± ]°C. The enzyme activity was 

expressed as the total activity (units/g wet wt. of tissue) and specific activity 

(unils/mg protein). 

Acid phosphatase (AcPase) 

The AcPase activity was assayed by estimating the p-nitrophenol product 

following the method of Plummer (1988) with necessary modification in the 

concentration of the buffer and substrate. 

sancpLe -preparcitLoi^: 

A 10% (w/v) tissue homogenate of the parasite was prepared in buffer 

containing 125mM sodium acetate and glacial acetic acid at pH 4.5 using a Remi-

motor driven Potter-Elvejem type glass homogenizer fitted with a Teflon pestle. 
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The homogenate was centrifuged at 5000 rpm at 0 ± 2°C for 20 min. and the 

supernatant was used for the enzyme assay. 

The assay mixture (final volume I ml) contained: 

Sodium acetate buffer, pH 4.5 (125 junoles) 

p -nitrophenyl phosphate (62.5nmoles) 

Tissue extract as enzyme source 0.4 ml 

The assay mixture minus tissue extract was incubated in a serological 

water bath fitted with a temperature control unit at 37 ± 1 °C for 5 min. 400 1̂ of the 

tissue extract was then added to it and incubated for 20-30 min. Subsequently, the 

reaction was stopped by adding 4 ml of 0.5 N NaOH solution and the O.D. 

measured at 405 nm. For blank, similar procedure was followed using 400 îl of 

water instead of enzyme solution. The amount of p-nitrophenol produced was 

calculated from a linear standard graph prepared using different concentrations 

(0.01-0.1 mM) of p-nitrophenol. 

One unit of AcPase activity was defined as that amount which catalysed 

the formation of 1 mM p-nitrophenol/h at 37 ± 1°C. The enzyme activity was 

expressed as the total activity (units/g wet vA. of tissue) and specific activity 

(units/mg protein). 
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Free amino acid analysis (FAA) 

The experimental samples were dissolved in milli Q water (200 mg/ml). 

As the sample solutions were very turbid, centrifugation was carried out at 10,000 

rpm for 60 min to remove the insoluble material. The supernatant was taken and 

passed through CI 8 column (1 cm. length) to remove the peptides and proteins 

from the sample. The eluate was collected. Following this, the column was also 

eluted with 1 mi of 40% acetonitrile and this eluate was combined with the earlier 

o 

one. The pooled eluate was then lyophilized to a dry powder and stored at -70 C for 

further experimentation. 

IsotopCc bar LabeUyiQ for m.ass speotrorutetrij: 

Before going for isotopic bar labeling the samples as well as the iTRAQ 

(isobaric Tags for Relative and Absolute Quantification) reagents (Applied 

Biosystems) were brought to room temperature. The samples were dissolved in 20 

|il of dissolution buffer provided in the kit. The samples and standard amino acids 

were dissolved in equimolar concentrations. 

In the first set of experiment Standard amino acid mixture, and the 

samples A, B and C were labeled with 114, 115, 116 and 117 respectively. In the 

2"̂ * set of the experiment keeping the Standard amino acid labeled with 114, the 

next set of samples i.e. A, C and D were labeled with 115, 116 and 117 

respectively. 
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The sample solutions were centrifuged to bring the solution to the bottom 

of the tube. In parallel, 70|il of ethanol was added to each iTRAQ reagent vial at 

room-temperature. The reagent were mixed properly and settled down by a short 

spin (2,000 rpm for 2 mins). The total contents of the iTRAQ reagents were then 

transferred to each sample tube as mentioned above. The labeling was carried out 

for 1 h at room temperature. The reaction mixtures were again vortexed and short 

spin was applied to them. Each set of sample mixtures were combined by pooling 

them together. Sample mixtures were aliquoted and dried at 40°C. 

Mass. sfectrom.etnc at^,ciLijsts: 

The dried sample was dissolved in 15 1̂ of 3% acetonitrile and 0.1% 

formic acid. The mixed samples were introduced to QSTAR- XL MS/MS mass 

spectrometer using nano ES spray capillaries. The inlet voltage was fixed at 1100 

kV. In IDA (Information dependent acquisition) method ions (1+, 2+ and 3+) were 

scanned from 200-450 m/z. The three most intense ions which exceed at least 10 

counts were allowed for MS/MS fragmentation and data was acquired. Ion tolerance 

was fixed at 50 atomic mass unit (amu). The duration of data acquisition was 10 

min with a cycle time of 4.002 sec. From the IDA method the total ions were 

selected and compared with the standard amino acid mass values from the list. For 

the estimation of % amino acid composition the peak area for each ion was taken 

for analysis. 

5.5. Trace elements analyses 

Fresh worms in control group were directly taken for analyses of their 
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trace metal contents. Cestodes in different treatment groups were harvested 

immediately after they succumbed to paralytic state, and thoroughly washed with 

deionised double distilled water. Whole worms were dried in an incubator at 50°C. 

The dried worms were finely pulverized to powder. The powdered tissue (2 g) was 

digested in 10 ml of concentrated HNO3 in an airtight corked conical flask for 

overnight at 50°C. The fully digested solution was transferred to and kept on a hot 

plate at 70°C for ~2 h to allow complete evaporation of the acid. After cooling 

down, 10 ml of deionised water was then added, vigourously mixed with magnetic 

stirrer, and filtered through Whatman filter paper (110 mm O). The volume was 

finally made to 100 ml by adding more deionised water to the filtrate. The final 

solution was directly used for quantitative measurement of the trace elements using 

a single beam atomic absorption spectrophotometer (Perkin Elmer 3110) at the 

absorbance wavelengths of 422.6 nm for calcium and 285.2 nm for magnesium. 

6. In vivo experiments 

6.1. Parasites 

The tapeworm, H. diminuta. was maintained in Wistar rats and flour 

beetles of the species Tribolium confusum. The rats were given food and water ad 

libitum, and all animal procedures were carried out in accordance with the 

regulations of the Animals (Scientific Procedures) Act, 1986. 
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6.2. Experimental Conditions 

Animals were housed under standard laboratory conditions, air-

conditioned with adequate fresh air supply (Air changes 12-15 per hour), room 

temperature 22 ± 3°C, relative humidity 30-70 %, with 12 h light and 12 h dark 

cycle. Two animals of same sex and group were housed per cage in standard 

polypropylene (Size: L 430 x B 270 x H 150 mm) with stainless steel mesh top grill 

having facilities for holding pelleted food and drinking water in water bottle fitted 

with stainless steel sipper tube. The animals were provided with food and water ad 

libitum throughout the acclimatization and experimental period. 

6.3. Acclimatization and de-worming of rats 

The animals were acclimatized five days to laboratory conditions and 

were observed for clinical signs daily. Veterinary examination of all the animals 

was performed on the day of receipt and randomization. After five days of 

acclimatization the rats were de-wormed by administering praziquantel at 200 

mg/kg dose for 3 days. All rats were starved for 24 h before cysticercoid 

inoculation. 

6.4. Evaluation of tolerated doses of extracts 

The dose that did not produce any sign of toxicity (referred to as 

maximum tolerated dose; MTD) was determined orally by administering serial 

doses (50-2000 mg/ kg body weight). With 100 mg/kg dose oi A. oxyphylla, the 

treated rats began to show signs of toxicity like convulsions, dullness, restlessness, 
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constipation and diarrhoea within 5 h of inoculation and died in 15 h. On the other 

hand, onset of toxicity with 2500 mg/kg dose of 5. virosa was within 8 h of 

inoculation and death was noted within 24 h for the treated rats. So, dosages of 25 

mg and 50 mg/kg body weight were chosen for A. oxyphylla testing, and 750 mg 

and 1500 mg/kg body weight dosages were chosen for S. virosa testing. 

6.5. Cysticercoid inoculation 

Each rat was administered with 5 cysticercoids in 1.5 ml of PBS. Stool 

examination was performed for the infection from day 18 to 20 post inoculation for 

the presence of proglottides/eggs to confirm the infection and maintain the infection 

cycle in beetles. 

6.6. Grouping and study design 

The infected animals were divided into six groups (of three rats each) on 

day 20 post inoculation. Animal grouping was done by the method of body weight 

stratification and randomization. The infected animals were weighed and grouped in 

to body weight ranges. These body weight stratified rats were distributed to all the 

study groups in equal numbers if possible such that body weight variation of 

animals used doesn't exceed ± 20% of the mean body weight. 
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The selected animals were assigned to different test groups as shown below: 

Test Group 

Untreated control 

A. oxyphylla 

S. virosa 

Praziquantel 

Dose (mg/kg) 

-

25 

50 

750 

1500 

5 

Daily Dose 
frequency 

-

Once 

Once 

Once 

Once 

Once 

No. of rats/group 

3 

3 

3 

3 

3 

3 

Anticestodal efficacy was adjudged on the basis of parasite eggs/g (EPG) 

of faeces count before and after treatment, direct count of surviving worms 

including scolices (% worm recovery) remaining in small intestines after 

completion of treatment, and by host clearance of parasite. These were calculated in 

percentage as follows: 

Percentage difference in EPG count = (mean EPG at pre-treatment -

mean EPG at post-treatment) X 100/ (mean EPG at pre-treatment) 

Percentage worm recovery rate = number of worms recovered at 

necropsy X 100/number of cysticercoids given 

6.7. Route of administration 
The test item was administered through oral route. 
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6.8. Stool examination (pre-treatment) 

Approximately 2 g of faeces was collected from each test group from day 

18 to 20 post-inoculation and the average eggs/g was counted by modified 

McMaster's method. 

6.9. Frequency of treatment 

The animals were dosed once a day except untreated control. The animals 

were treated for a period of 3 days i.e. from day 2] to 23 post inoculation. All 

animals were observed twice daily for pre-terminal deaths and morbidity. 

Dead/moribund animals were autopsied immediately at the earliest. 

6.10. Stool examination (post-treatment) 

Approximately 2 g of faeces was collected from each lest group from day 

24 to 26 post-inoculation and the eggs were counted. Another EPG count was made 

on days 33-35, exactly a week after. 

6.11. Necropsy 
All the animals were fasted for 24 h on day 35 post inoculation, next day 

(day 36 post inoculation) the animals were sacrificed using CO2 asphyxiation. The 

number of worms in each animal was counted to determine the worm burden. 

7. Data Analyses 

In vitro 

All data were expressed in mean ± S.E.M. for three or five replicates in 

each group. Comparison of the mean values of the experimental groups against the 
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control groups was made using unpaired Student's t-test, and values of p < 0.05 

were considered significant in all cases. 

In vivo 

Statistical analysis was performed using two-way and one-way ANOVA. 

The significance of difference was accepted at P < 0.01. 
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RESULTS 
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Efficacy of crude plant 
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In vitro experiments 
1. Motility and mortality tests 

Raillietina echinobothrida exposed to different concentrations 

of crude and fractions of crude extract of^. oxyphylla and S. virosa, and the 

reference drug PZQ, revealed a decline in the motility of worms resulting 

eventually in their death (Tables 1, 2; Graphs 1, 2). The control parasites 

continued to show physical activity for an average timing of 72 h following 

which they became immobilized. On exposure to the test solutions, the 

worms proceeded from a state of vigorous movements to a relaxed condition 

in which they continued to remain till they attained paralysis. The time taken 

for paralysis showed a dose-dependent effect as paralysis occurred at a 

shorter period of time for higher concentrations of test materials while for 

lower doses it took a much longer period of incubation. 

On exposure to the various concentrations of A. oxyphylla 

ethanol extract, the tapeworms showed an onset of paral)4ic state. At 50 

mg/ml, spontaneous movements seized in the worms at about 0.6 h while 

treatment with 25 mg/ml concentration of the crude alcoholic extract 

induced loss of motility and consequent paralysis in 1.93 h (Table 1). The 5 

mg/ml and 10 mg/ml doses took about 4.93 h and 3.5 h, respectively, 

indicating a dose-dependent effect of the plant material: in comparison, the 

0.001 mg/ml dose of the reference drug caused paralysis to set in after 3 h 

post incubation. The methanol fraction was comparatively less effective than 
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the ethanol extract and death occurred at 3.7 h and 8.06 h for 50 mg and 5 

mg, respectively. The acetone fraction proved to be the most potent where 

death occurred at 1.12 h and 4.19 h for 50 mg and 5 mg, respectively. The 

observations indicate a significant difference (at p < 0.05) between A. 

oxyphylla-treated group and the control group. 

The effect of different concentrations of crude ethanol extract 

of 5. virosa leaf and its methanol and acetone fractions are depicted in Table 

2. Death occurred at 3.42 h and 18.11 h for 50 mg and 5 mg ethanol extract/ 

ml of PBS, respectively. At 50 mg methanol fraction, spontaneous 

movements seized in the worms at about 1.05 h while for 5 mg 

concentration, the worms showed motility for 11.63 h. Death was definite by 

2.1 h and 13.7 h, respectively, for the two test concentrations. The ethanol 

extract was comparatively less effective than the methanol fraction and the 

acetone fraction proved to be the least effective. Death was recorded at 5.27 

h and 21.22 h for 50 mg and 5 mg of acetone fraction, respectively. Here too 

a significant difference (p < 0.05) between .S. V7>05a-treated group and 

control group was observed. 

Likewise, 0.01 mg PZQ /ml of PBS brought about a paralytic 

state at 0.5 h while 0.001 mg/ml dosage took 3.0 h to induce paralysis in the 

test parasites. 
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2. Surface morphology and ultrastructural studies 

Scanning electron microscopy 

Control: The cestode R. echinobothrida revealed an elongated 

body with a long neck leading to a rounded scolex. The scolex had a 

retractable rostellum surrounded by rows of spines (Figs. 1, 2). Four suckers 

were arranged sideways around the scolex; each with circlets of hooks that 

were broad at the base and tapering and bent toward the ends (Fig. 3). The 

neck gave way to a string of proglottides that were longer than wide (Fig. 4). 

The tegument revealed a smooth surface with linear striations which when 

magnified revealed a consortium of layers of minute projections called 

microtriches, which are similar to microvilli and it sloped gently downwards 

(Figs. 5, 6). 

Treated: As observed with SEM, the strobila of the cestode 

comprised of a chain of proglottides which, on incubation in various 

treatment media, became smaller and erupted in blisters all over the surface. 

Edges of the proglottides became thinner and blunter. Lesions appeared in 

the surface of the tegument and developed into deep perforations. 

Ethanol extract of A. oxyphylla caused the parasite to shrivel 

up with the effect more pronounced in the proglottides than the scolex. The 

scolex showed an elevated rostellum with majority of the hooks intact and a 

few cracks beneath the suckers (Figs. 7, 8). The body showed a continuous 

streaming in the proglottides at many places so that subsequent segments 
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could hardly be differentiated and the microtriches were clumped (Figs. 9, 

10). The methanol fraction too showed similar outcome except on a much 

lower range with very minor effect on the scolex (Figs. 11-14). 

The scolex of the parasites treated with the acetone fraction 

of A. oxyphylla revealed severe destruction, so much so that it became a 

twisted mass where the rostellum and sucker regions were indistinguishable 

(Fig. 15). The neck region was shrunk into a thin line joining the head with 

the rest of the body (Fig. 16). The tegument of severely injured worms 

suffered from focal lesions, peelings and swellings at many places (Fig. 17) 

and the outer membrane expanded to form deep and tortuous ramifications, 

leading to the increase in the number of the surface pits (Fig. 18). 

On treatment with the ethanol extract and methanol fraction of 

S. virosa, the cestode revealed a contorted body with shriveled scolex. The 

suckers were no longer elevated and the sunken surface had a porous honey­

comb appearance with the hooks around mostly broken and fallen off. 

Cracks were noted in the scolex, mostly around the sucker area. The ethanol 

extract brought about a fewer number of lesions on the surface as compared 

to the methanol fraction which caused widespread focal lesions throughout 

the body. There were no well defined linear striations but surface infoldings 

with clumped and unruly microtriches (Figs. 19-26). 

Treatment with the acetone fraction of 5. virosa resulted in 

damage to the scolex which was wrinkled and showed a decline in the 

number of hooks on the suckers. The hooks present were mostly clumped 

and the damage was mostly confined to the general body surface where a 
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lack of demarcation between adjacent proglottides was noticed at many 

places (Figs. 27-30). 

PZQ had a disastrous effect on the scolex which was highly 

misshapen, to the extent that the suckers could almost just be made out. 

However, the proglottides did not display much alteration on the whole but 

the surface was distinctly porous with the microtriches not that prominent 

(Figs. 31-34). 

Transmission electron microscopy 

Control: Transmission electron microscopic observations on 

the control worms revealed the typical cestode morphology with respect to 

the tegument, subtegument and inner parenchyma. On the very outer surface 

of the tegument a surface gjycocalyx layer is seen to cover the outer plasma 

membrane (Fig. 35). Below the glycocal)rx, the characteristic feature of the 

cestode tegument, is the presence of numerous microtriches, long spine like 

processes that are in fact a highly modified^ form of microvilli. Each 

microthrix has a hard, pointed, electron dense cap which is separated from 

the rest of the microthrix by a crescent shaped membranous cap. Below the 

layer of microtriches, the main syncytial layer of the tegument, the distal 

cytoplasm is found. This has been seen to contain numerous membrane 

bound, electron dense rod-like structures, referred to as disc-shaped bodies. 

Finally numerous mitochondria can also be seen. In the subtegument region, 

there runs a basal lamina that infolds into the distal cytoplasm at many 

places, forming the so-called basal infolds. Right underneath the lamina lie 
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blocks of systematically arranged circular and longitudinal muscle bundles. 

The tegumental nuclei are however not located in this outer layer, but are 

found within subtegumental cell bodies (cytons), located beneath the circular 

and longitudinal muscle layers, embedded within the parenchymal tissues 

and mesenchymal musculature (Fig. 36). Cytoplasmic processes running 

down from the basal lamina meet these subtegumental cytons with distinct 

cell bodies having prominent nuclei. These subtegumental cell bodies also 

contain other cellular elements such as Golgi apparatus and lipid inclusion 

bodies which are connected to the outer syncj^ium and areas of glycogen 

storage by long protoplasmic extensions. The parenchymal tissues fill the 

spaces between the parasites internal organs (all cestodes and other 

platyhelminthes being acoelomate organisms). In the parenchymal part, there 

were numerous well connected parenchymal cytons that were abundant with 

granular endoplasmic reticulum and other cell organelles including 

mitochondria with prominent cristae (Fig. 37). 

Treated: In worms treated with the crude stem bark extract of 

A. oxyphylla (10 mg/ml PBS), degenerative changes were noticeable in the 

tegumental ultrastructure; the tegument appeared as stripped right down to 

the basal lamina and the remnants of the basal infolds left behind were 

highly swollen (Figs. 38, 39). Even the nuclei of the cytons were devoid of 

nuclear material due to rupture of the nuclear membrane (Figs. 40). The 

granular endoplasmic reticulum (GER) near the nuclei was found in very 

meager numbers and those present had highly dilated cisternae (Fig. 41). 
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Worms treated with 10 mg methanol fraction/ml PBS showed 

sloughing off of the tegument with much alteration in the tegumental 

architecture. There was an increase in electron-lucency of the background 

due to both glycogen loss and vacuole formation (Fig. 42) and the 

subtegument showed immense vacuolization and accumulation of debris. 

There was release of underlying structures to the outside at the basal lamina, 

which was disrupted at many places. Golgi complexes were scarcely present: 

the nuclei showed swelling (Fig. 43) and the mitochondria were mostly 

ruptured (Fig. 44). 

The degeneration caused by the acetone fraction of the stem 

bark was more pronounced than that due to the alcoholic extract. The 

tegument appeared to be completely sloughed off leaving an exposed basal 

lamina that was only present in remnants and there was release of underlying 

structures to the outside at the basal lamina (Fig. 45). The circular muscle 

layer showed intense degradation and was loosely stacked up with loss in 

continuity; mitochondria were seen to disappear from the apical zone and 

those encountered were devoid of cristae (Fig. 46). There was very little 

amount of GER remaining with no evidence of Golgi complexes. The nuclei 

encountered in the acetone fraction-treated parasites were electron lucent 

due to loss of nucleoplasm, and the nucleoli were diffused in appearance 

(Fig. 47). The parenchymal cytons of the acetone fraction-treated parasite 

showed complete loss of connections with the surrounding parenchyma and 

the chromatin in the nucleus appeared clumped into large areas of electron-
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dense heterochromatin. The mitochondria showed either a loss or a complete 

lack of cristae altogether and numerous membranous whorls were distinct in 

the cytoplasm (Fig. 48). 

The microthrix layer of the cestode showed a general erosion 

and clumping effect when treated with the ethanol extract of iS. virosa which 

was in tune with the observation made by scanning electron microscopy 

(Fig. 49). The distal cytoplasm was perforated and no tegumental discs or 

mitochondria were visible. The cytoplasm also streamed down into the 

subtegument basal lamina in the form of thin laminar processes (Fig. 49 

inset). The lamina itself had vacuoles which went down to penetrate and 

cause disintegration of the subtegumental cytons (making them hardly 

discernible) between the muscle blocks. The parenchymal cytons too were 

vacuolated with mitochondria that were ruptured and acristate and prominent 

distorted nuclei which mostly had a round nucleolus (Figs. 50, 51). 

When treated with the methanol fraction of S. virosa (25 

mg/ml), the cestode tegument was majorly stripped off, peeling out a 

significant layer of the basal lamina as well (Fig. 52). The muscle layers 

were slightly disorganized and the subtegument region was immensely 

vacuolated. Mitochondria were scarce and ruptured, and the cristae were 

mostly broken and scattered in the mitochondrial lumen (Fig. 53). The GER 

was hardly evident and if present, as in the few instances were dilated. Apart 

from this, an increase in the nuclear heterochromatin content and swelling of 

the perinuclear space were a few other pronounced effects observed. Almost 
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all the subtegumental cytons were compressed and elongated with long 

misshapen nuclei which too were vacuolated (Fig. 54). 

The acetone fraction brought about a general disorganization 

in the tissue material along with disintegration of the parenchymal c)4ons 

(Figs. 55-57). 

PZQ's effect on the parasite was mostly restricted to the 

tegument which had sloughed off exposing the basal lamina (Fig. 58). 

Muscle blocks were a bit disrupted with slight tear evident at some places. 

Autophagosomes could be seen interspersed between these muscle blocks in 

the subtegument. The subtegumental and parenchymal cytons showed 

considerable damage and had round electron dense mitochondria with well-

formed cristae (Figs. 59, 60). An overall increase in electron lucency of the 

background and vacuole formation was observed in all treated worms. 

3. Histochemical localization of tegumental enzymes 

Intense ATPase, AlkPase and AcPase activities were observed 

in the tegument and subtegument areas of control R. echinobolhrida. ATPase 

showed maximum staining intensity in the tegument, subtegument, somatic 

musculature and parenchyma followed by AlkPase and AcPase activity 

(Table 3). 

Control worms showed high ATPase intensity throughout the 

parasite tissue, particularly, the tegument, subtegument and parenchyma 

(Fig. 61). No ATPase activity was observed in the parenchyma and only 
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mild activity was noted in the tegument, subtegument and muscle blocks of 

A. oxyphylla treated parasite (Fig. 62). Treatment with S. virosa caused 

reduction in the general ATPase staining intensity, particularly in the 

tegument and subtegument regions, which showed a marked decrease. Only 

region to retain intense stain was the parenchyma. Mild staining was 

observed in the tegument and the subtegument (Fig. 63). PZQ caused the 

parasite to lose tegumental enzymes on a large-scale and ATPase activity 

was located very mildly only in the subtegument (Fig. 64). 

AlkPase activity was mostly concentrated in the tegument and 

subtegument of control worms with moderate activity in the parenchyma 

(Fig. 65). In case of A. oxyphylla treated parasites, AlkPase activity was 

present in the subtegument, gradually reducing towards the muscle layers 

(Fig. 66). The activity was overall diminished in parasites treated with S. 

virosa (Fig. 67). PZQ caused the AlkPase activity to concentrate in the 

subtegument and muscle with very little or no activity in the parenchyma 

(Fig. 68). 

Control worms which showed intense AcPase activity in the 

tegument (Fig. 69). A. oxyphylla treatment led to almost total inactivation of 

the enzyme activity in the parasite tissue (Fig. 70). The somatic musculature 

was the only part of the tissue to show mild AcPase stain in A. oxyphylla 

treated R. echinobothrida. S. virosa treatment resulted in tapeworm tegument 

damage which is manifested by reduced histochemical staining throughout 
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the tissue (Fig. 71). However, PZQ resulted in extensive diminishing of the 

enzyme throughout the tissue (Fig. 72). 

4. Biochemical analyses 

Tegumental enzymes 

Table 4 shows the effect of the crude stem bark extract of A. 

oxyphylla, leaf extract of S. virosa and PZQ on the tissue activities of the 
* 

tegumental enzymes in R. echinobolhrida. At the biochemical level, the activity 

of ATPase in the parasite was found to be highest, averaging about 155.28 

units/g wet weight, followed by AlkPase (31.14 units/g wet \̂ )̂ and AcPase 

(6.06 units/g wet \\^) (Graphs 3, 4). The activit}' of ATPase in the parasite 

decreased significantly by 72%, 91% and 96%, respectively: in treatments with 

crude stem bark extract of A. oxyphylla, leaf extract of S. virosa and PZQ. A 

significant decrease in the activity' of AlkPase (of about 96% and 98%, 

respectively) was observed when the parasite was treated with 5. virosa leaf 

extract and PZQ, while a relatively less decrease in activity (of about 90%) was 

observed in treatments with A. oxyphylla (Graph 5). The tissue activity of 

AcPase decreased significantly in parasites treated with both A. oxyphylla and 

PZQ. The percentage decrease of AcPase activit)' was recorded as 97%, 34.5% 

and 96% in parasites treated with crude extract of A. oxyphylla, S. virosa and 

PZQ, respectively, compared to the controls. Thus, the effectiveness of the 

different treatment groups in reducing tissue ATPase, AlkPase and AcPase is in 
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the order PZQ > S. virosa > A. oxyphylla. PZQ > S. virosa > A. oxyphylla and A. 

oxyphylla > PZQ > S. virosa, respectively. 

Free amino acids 

As depicted in Table 5, the FAA pool of the control worm 

consists of amino acids: isoleucine (He), leucine (Leu), asparagine (Asn), serine 

(Ser), proline (Pro), valine (Val), methionine (Met), hdstidine (His), threonine 

(Thr), cysteine (Cys), aspartate (Asp), glutamine (Gin), lysine (Lys), glutamic 

acid (Glu), tyrosine (Tyr), tryptophan (Trp), phenylanaline (Phe), arginine (Arg), 

glycine (Gly) and alanine (Ala). The quantitative analysis data has also been 

depicted in Table 5. Out of the amino acids detected, Gly was found to be at the 

maximum level, followed by Ala, Ser, Pro, Val, Thr, Cys, Ile/Leu. Asn, Asp, 

Gln/Lys, Glu, Meth, His and Phe, respectively, in a decreasing order. Other 

amino acids detected, namely, Arg, Tyr and Trp were at comparatively lower 

levels. Quantitatively, the level of the various FAAs in the parasite was 

significantly affected by the treatment with the two test materials, and also with 

the reference drug PZQ (Table 5, Graph 6). Parasites treated vnXh plant extracts 

and reference drug showed a marked decrease in the levels of Meth, He/Leu, 

Phe, Gly, Tyr and Asn, though an increase in the levels of Thr (except PZQ 

treated parasite which remained unchanged in Thr level). A. oxyphylla-irtattd 

parasites showed no increase in the levels of any other amino acids and S. virosa 

showed an increase of 40% (Ala), 6.3% (Pro), 100% (Cys) and 50% (Trp). 

Further, in contrast to a 150% increase in PZQ treated parasites, Ser did not 

show any change in level following treatment with 5. virosa and A. oxyphylla. A. 
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oxyphylla treatment failed to cause any alterations in Pro and Val while PZQ 

treated parasite showed a decrease in the same. PZQ treatment resulted in the 

increase of Ser, Gln/Lys and Trp levels within the parasite and consistently 

portrayed a decrease or no change (Ala, Thr, Cys, GIu, Arg, His) in the levels of 

all other amino acids. While the Gln/Lys levels showed a decrease in A. 

oxyphylla-treattd parasites and a 25% increase in PZQ-treated parasites, its level 

was obser\'ed to remain unchanged with S. vzro50-treatment. 

5. Trace elements analyses 

The quantitative observations on two vital trace elements, namely, 

Ca and Mg, in control R. echinobolhrida. and R. echinobothrida treated with the 

crude extracts of ^. oxyphylla, S. virosa, their different fractions, and PZQ are 

presented in Tables 6 to 8 and in Graphs 7 to 9. The concentrations of Ca and 

Mg in the control worms maintained in 0.9 % PBS was about 45.2 and 6.2 

ppm. Cestodes exposed to 10 mg/ml of ethanol extract and acetone fraction 

of A. oxyphylla showed a significant reduction in the levels of the two 

elements (9.7 ± 0.13 and 3.6 ± 0.4 for ethanol extract: 9.8 ± 0.61 and 4.4 ± 

0.17 for acetone fraction), and a pronounced increase in their levels in the 

incubation media (33.1 ± 0.87 and 5.2 ± 0.05 for ethanol extract: 18.7 ± 1.45 

and 5.6 ± 0.07 for acetone fraction). The untested plant media in both the 

cases showed a much less concentration of the two metals than in the 

effluent. Methanol fraction of the plant did not bring about any significant 

reduction in the concentration of the elements and the effluent showed a 

much less Ca concentration than the untested plant media. 
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Treatment with the ethanol extract of S. virosa caused the 

concentration of Ca and Mg to decrease in the cestode tissue. The level of 

Ca got raised from 18.6 ± 0.02 in the untested plant media to 35.9 ± 0.67 in 

the incubation media. The concentrations of Ca and Mg in the cestodes 

treated with the methanol fraction of S. virosa were reduced to 9.2 ± 0.47 

and 4.4 ± 0.3, and the concentration of Ca rose from 18.5 ± 0.01 in untested 

plant media to 36.3 ± 0.87 in the effluent. Acetone fraction too caused 

reduction in the levels of Ca and Mg in the parasite tissue and the 

concentration of Ca in the treated media was lower than that of the untreated 

plant media. 

PZQ brought about a decrease in the level of Ca and Mg in 

the parasite tissue (10.1 ± O.S and 5.7 ± 0.37), and the effluent showed Ca 

and Mg levels of 11.4 ± 0.61 and 5.8 ± 0.46, respectively, as compared to 

their levels of 10.7 ± 0.02 and 2.6 ± 0.01 in the untested PZQ media. 
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Table 1: In vitro efficacy of ethanol extract of A. oxyphylla stem bark, its 
fractions and reference drug praziquantel on R. echinobothrida 
(Number of worms in each test medium, n=6) 

Control/treated 

cestode with 

Control 

Ethanol extract 

Acetone fraction 

Methanol fraction 

PZQ 

Concentration (mg /ml) 

-

5 

10 

25 

50 

5 

10 

25 

50 

5 

10 

25 

50 

0.001 

0.01 

Paralysis (h) 

— 

4.93 ±0.12 

3.50±0.12 

1.93 ±0.27 

0.6 ±0.31 

2.25 ±0.08 

1.70 ±0.25 

1.30±0.13 

0.39 ±0.23 

6.12 ±0.07 

3.92 ±0.09 

2.93 ±0.03 

2.04 ±0.25 

3.0±0.14 

0.5 ±0.01 

Death (h) 

72.0 ±0.06 

7.70 ±0.07 

5.53 ±0.1 

3.60 ±0.26 

2.40 ±0.2 

4.19 ±0.09 

2.71 ±0.12 

1.87 ±0.12 

1.12±0.08 

8.06 ±0.06 

6.03 ±0.06 

4.59 ±0.02 

3.70 ±0.3 

9.8 ±0.21 

7.3 ±0.15 

Values given as mean ± SE from 5 replicate assays 

p < 0.05 vs. control value, student's t- test 
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Graph 1: In vitro efficacy of ethanol extract of A. oxyphylla stem bark, its 
fractions and reference drug praziquantel on R. echinobothrida 
(Number of worms in each test medium, n=6) 
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Table 2: In vitro efficacy of ethanol extract of S. virosa leaf, its fractions and 
reference drug praziquantel on R. echinobothrida (Number of worms 
in each test medium, n=6) 

Control/treated 

cestode with 

Control 

Ethanol extract 

Acetone fraction 

Methanol fraction 

PZQ 

Concentration (mg /ml) 

-

5 

10 

25 

50 

5 

10 

25 

50 

5 

10 

25 

50 

0.001 

0.01 

Paralysis (h) 

-

9.01 ±0.09 

6.95 ±0.21 

3.76±0.11 

1.62 ±0.24 

15.25 ±0.08 

8.62 ±0.29 

4.94 ±0.22 

2.67 ±0.37 

11.63 ±0.25 

6.7 ±0.39 

2.95 ±0.22 

1.05 ±0.45 

3.00 ±0.14 

0.50 ±0.01 

Death (h) 

72.0 ±0.06 

18.11 ±0.09 

9.88 ±0.25 

5.15±0.3 

3.42 ±0.01 

21.22 ±0.31 

14.33 ±0.87 

6.27 ±0.26 

5.27 ±0.29 

13.70±0.18 

6.9±0.16 

3.8 ±0.2 

2.1 ±0.29 

9.8 ±0.21 

7.3 ±0.15 

Values given as mean ± SE from 5 replicate assays 

p < 0.05 vs. control value, student's t- test 
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Graph 2: In vitro efficacy of ethanol extract of S. virosa leaf, its fractions and 
reference drug praziquantel on R. echinobothrida (Number of worms 
in each test medium, n=6) 
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Figs. 1,2: Scanning electron micrographs of control R. echinobothrida 

Fig. 1. R. echinobothrida scolex with a retractable rostellum, and four suckers. 

Fig. 2. Retractable rostellum with rows of spines inside. 
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Figs. 3,4: Scanning electron micrographs of control R. echinobothrida 

Fig. 3. R. echinobothrida sucker showing circlets of hooks that eire broad at the 

base and tapering and bent towards the ends. 

Fig. 4. Tapeworm segments or proglottides which are longer than wide and 

covered with striated tegument. 

57 



Figs. 5, 6: Scanning electron micrographs of control R. echinobothrida 

Fig. 5. Closer view of a R. echinobothrida proglottid showing linear striations 

having a smooth tegument. 

Fig. 6. A single striation from a proglottid when magnified shows layers of 

microtriches gently sloping downwards. 
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Figs. 7, 8: Scanning electron micrographs of R. echinobothrida treated with 

ethanol extract of A oxyphylla (10 mg) 

Fig. 7. Deformed scolex showing elevated rostellum accompanied by cracks at 

the base of the suckers. 

Fig. 8. A closer view of the suckers showing typical hooks with abnormal 

folding and shrinkage. 
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Figs. 9, 10: Scanning electron micrographs of R. echinobothrida treated with 

ethanol extract of A. oxyphylla (10 mg) 

Fig. 9. Body shrinl^age with little differentiation between adjacent proglottides. 

Fig. 10. Minor infoldings of tegument with pit formations and no microtriches. 
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Figs. 11,12: Scanning electron micrographs ofR. echinobothrida treated with 

methanol fraction of ŷ . oxyphylla crude extract (10 mg) 

Fig. 11. Deformed scolex with shrunken suckers. 

Fig. 12. Magnified view of a sucker showing sloughing off of hooks. 
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Figs. 13,14: Scanning electron micrographs of/?, echinobothrida treated 

with methanol fraction of v4. oxyphylla crude extract (10 mg) 

Fig. 13. Deformed proglottides having lack of demarcation between 

subsequent segments. 

Fig. 14. Enlarged view of a proglottid showing shrinkage and pit formation. 
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Figs. 15, 16: Scanning electron micrographs of R. echinobothrida treated with 

acetone fraction of A oxyphylla crude extract (10 mg) 

Fig. 15. Twisted and strained scolex with no discernible sucker. 

Fig. 16. Highly contorted parasite body with major tegumental erosion. 

63 



Figs. 17, 18: Scanning electron micrographs of R. echinobothrida treated with 

acetone fraction oiA. oxyphylla crude extract (10 mg) 

Fig. 17. Scarring, swelling and focal peeling of tegumental tissue. 

Fig. 18. Enlarged view of a proglottid showing deformed and clumped 

microtriches. 
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Figs. 19, 20: Scanning electron micrographs of R. echinobothrida treated with 

ethanol extract ofS. virosa (25 mg) 

Fig. 19. Contorted cestode body with shriveled scolex. 

Fig. 20. Shrunken sucker with a porous appearance. A slight loss of hooks is 

also seen. 

65 



Figs. 21, 22: Scanning electron micrographs of R. echinobothrida treated with 

ethanol extract of 5*. virosa (25 mg) 

Fig. 21. Wrinkled body with some proglottides breaking off at places. 

Fig. 22. Infolding of the parasite surface leading to the disappearance of 

tegumental smoothness. 
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Figs. 23, 24: Scanning electron micrographs of R. echinobothrida treated with 

methanol fraction of 5. virosa crude extract (25 mg) 

Fig. 23. Contorted cestode body with shriveled scolex. 

Fig. 24. Sunken sucker with a porous appearance. Many hooks can be seen to 

be breaking off. Cracks appeared around the sucker. 
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Figs. 25, 26: Scanning electron micrographs of R. echinobothrida treated with 

methanol fraction of 5. virosa crude extract (25 mg) 

Fig. 25. Widespread lesions can be seen at points where few proglottides have 

swollen in contrast to the general shrinking noticed. 

Fig. 26. Deep infoldings of the tegument with severe clumping of microtriches. 
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Figs. 27, 28: Scanning electron micrographs of R. echinobothrida treated with 

acetone fraction of 5. virosa crude extract (25 mg) 

Fig. 27. Deformation of general tegument and scolex. 

Fig. 28. Sucker rim with clumped hooks. 
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Figs. 29, 30: Scanning electron micrographs of R. echinobothrida treated with 

acetone fraction of 5. virosa crude extract (25 mg) 

Fig. 29. Shrunk and deformed neck region. 

Fig. 30. Enlarged view of clumped microtriches. 
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Figs. 31, 32: Scanning electron micrographs of R. echinobothrida treated with 

praziquantel (0.001 mg) 

Fig. 31. Shriveled scolex where the suckers are just slightly discernible. 

Fig. 32. A magnified view of the scolex showing the suckers. 
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Figs. 33, 34: Scanning electron micrographs of R. echinobothrida treated with 

praziquantel (0.001 mg) 

Fig. 33. Slight wrinkles were present on the general body surface of the 

parasite. 

Fig. 34. On magnification, the wrinkled surface showed pit formation with the 

microtriches not that prominent. 
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Figs. 35-37: Transmission electron micrographs of control R. echinobothrida 

Fig. 35. Control tegument with intact microthrix layer (Mt); distal cytoplasm 

(DC) electron-dense with tegumental discs (TD); non-disrupted basal 

lamina (BL) with basal infolds (arrows) and well organized 

subtegumental muscle blocks (Mc). 

Fig. 36. Tegumental cytons (TC) retaining normal connections with each other 

and having abundant granular endoplasmic reticulum (GER) and 

mitochondria (M) and other cell inclusions; nucleus (N) with no 

clumping of chromatin. 

Fig, 37. Electron-dense mitochondrial matrix with prominent cristae. The mito­

chondria (M) here are seen to lie in granular parenchyma suggesting 

the presence of abundant glycogen. 

All bars 0.5 jum 
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Figs. 38-41: Transmission electron micrographs of R. echinobothrida treated 

with ethanol extract of A. oxyphylla (10 mg) 

Fig. 38. Tegument sloughed leavmg remnants of distal cytoplasm. 

Fig. 39. Disrupted basal lamina with swollen basal infolds. Arrows show the 

streaming of glycogen loss due to release of materials to the exterior. 

Fig. 40. Electron-lucent nuclei due to release of nuclear material to the 

surrounding parenchyma. The fibrous nature of the nucleolus is to be 

noted. 

Fig. 41. Subtegumental cyton with dilated GER cistemae (arrows). 

All bars 0.5 fim 
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Figs. 42-44: Transmission electron micrographs of R. echinobothrida treated 

with methanol fraction of y4. oxyphylla crude extract (10 mg) 

Fig. 42. Sloughed off tegument with increased electron lucency in the 

subtegument. 

Fig. 43. Well connected cytons but with swollen nuclei. 

Fig. 44. Abundant mitochondria interspersed between muscle cells. 

All bars 0.5 fim 
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Figs. 45-48: Transmission electron micrographs of R. echinobothrida treated 

with acetone fraction of A oxyphylla crude extract (10 mg) 

Fig. 45. Stripped-up tegument (arrowheads) of parasite treated with acetone 

fraction showing intense degradation of longitudinal and circular 

muscle layers; breaking up of tegumental cells (arrows). 

Fig. 46. Mitochondria devoid of cristae. 

Fig. 47. Tegumental cells showing distorted nuclei lying in an electron-lucent 

back-ground. [Inset: Clumped chromatin of nucleus (arrowheads); 

swellings of the perinuclear space (arrows)]. 

Fig. 48. Membranous whorls seen throughout the parenchyma of the parasite 

(arrow). 

All bars 0.5 fim 
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Figs, 49-51: Transmission electron micrographs of R. echinobothrida treated 

with ethanol extract of 5. virosa (25 mg) 

Fig. 49, Erosion of microtriches, perforation of distal cytoplasm, vacuolated 

basal lamina and subtegumental region. [Inset: streaming of 

cytoplasm into basal lamina]. 

Fig. 50. Subtegumental cytons with distorted nuclei. 

Fig. 51. Ruptured mitochondria and cristae released into the cytosol. 

All bars 0.5 fim 
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Figs. 52-54: Transmission electron micrographs of R. echinobothrida treated 

with methanol fraction of 5. virosa crude extract (25 mg) 

Fig. 52. Exposed basal lamina of the parasite; subtegumental muscle layers 

and cytons. 

Fig. 53. Broken and loose cristae inside ruptured mitochondria. 

Fig. 54. Subtegumental cytons with compressed nuclei; no cytoplasm can be 

seen around the respective nuclei. 

All bars 0.5 fxm 
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Figs. 55-57: Transmission electron micrographs of R. echinobothrida treated 

with acetone fraction ofS. virosa crude extract (25 mg) 

Fig. 55. Intact microthrix layer with slight vacuolisation in the distal 

cytoplasm, disrupted basal lamina, no discernible muscle bundles 

and vacuolated subtegument. 

Fig. 56. Deformed nuclei of subtegumental cytons. 

Fig. 57. Slight distortion in mitochondria with lack of cristae in some. 

All bars 0.5 jum 
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Figs. 58-60: Transmission electron micrographs of R. echinobothrida treated 

with praziquantel (0.001 mg) 

Fig. 58. Stripped tegument with exposed basal lamina, slightly disorganised 

muscle layers, and autophagosomes (*). 

Fig. 59. Vacuolated cyton with intact nucleus. 

Fig. 60. Abundant mitochondria sighted throughout the parasite tissue. 

All bars 0.5 fim 
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Table 3: Histochemical localization of ATPase, AlkPase and AcPase in various structures of RailUetina echinobothrida treated with 
ethanol extracts of A oxyphylla and 5". virosa, and reference drug praziquantel 

Control/Treated 
cestode with 

Control 

A. oxyphylla 

(10 mg/ml) 

S. virosa 

(25 mg/ml) 

PZQ 

(0.001 mg/ml) 

T 

+ 

++ 

NP 

ATPase 

ST SM 

++++ +++ 

+ + 

++ ++ 

+ 

P 

+++ 

+++ 

-

T 

++++ 

NP 

+ 

-

AlkPase 

ST SM 

+++ +++ 

+ 

+ + 

+ 

P 

++ 

-

-

T 

++++ 

+ 

+ 

AcPase 

ST SM 

++ ++ 

+ 

+ + 

+ 

P 

++ 

+ 

-

T-Tegument; ST-Subtegument; SM- Somatic musculature; P- Parenchyma; NP- Structure not present 
++++ Very intense activity, +++ Intense activity, ++ Moderate activity, + Mild activity, - No activity 
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Fig. 61-64: Adenosine triphosphatase (ATPase) activitj' in R. echinobothrida, 
frozen sections 

Fig. 61. Cross section of control worm showing very intense ATPase activity 
in the tegument (T), subtegument (ST), somatic musculature (SM) and 
parenchyma (P) 

Fig. 62. Stem bark extract of ^. oxyphylla treated section showing reduced 
enzyme activity 

Fig. 63. Leaf extract of S. virosa treated section showing reduced enzyme 
activity in tegument and subtegument 

Fig. 64. Praziquantel treated section showing only mild enzyme activity in the 
subtegument 

All bars 50 /xm 
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Fig. 65-68: Alkaline phosphatase (AlkPase) activity in R. echinobothrida, frozen 
sections 

Fig. 65. Cross section of control worm showing very intense AlkPase activity 
in the tegument, subtegument, somatic musculature and parenchyma 

Fig. 66. Stem bark extract of A. oxyphylla treated section showing reduced 
enzyme staining 

Fig. 67. Leaf extract of S. virosa treated section showing overall diminished 
enzyme activity 

Fig. 68. Praziquantel treated section showing almost total decline in enzyme 
activity 

All bars 50 fim 

83 



!:^li::iviij^ 

Fig. 69-72: Acid phosphatase (AcPase) activity in Jt. echinobothrida, frozen 

sections 

Fig. 69. Cross section of control worm showing intense AcPase activity 

Fig. 70. Stem bark extract of A oxyphylla treated section showing mild 

enzyme activity in the subtegument 

Fig. 71. Leaf extract of 5 virosa treated section showing mild enzyme activity 

in the parenchyma 

Fig. 72. Praziquantel treated section showing no enzyme activity in the somatic 

musculature and parenchyma 

All bars 50 fim 
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Table 4: Effect of ethanol extracts of A. oxyphylla and S. virosa, and reference drug praziquantel on the activity of different 
tegumental enzymes of/?, echinobofhrida 

Control/Treated cestode 
with 

Control 

A. oxyphylla (10 mg/ml) 

S. virosa (25 mg/ml) 

PZQ (0.001 mg/ml) 

Enzyme activity (total /specific activity) 

ATPase 

155.28 ±0.003/ 

3.19±0.0 

42.98 ±0.17/ 

1.36±0.01 

13.98 ±0.17/ 

0.76 ±0.01 

5.62 ±0.8/ 

2.37 ±1.3 

AlkPase 

31.14±0.001/ 

0.68 ±0.11 

2.98 ±0.8/ 

0.12±0.01 

1.19±0.8/ 

0.18±0.01 

0.55 ±0.05/ 

0.36 ±0.4 

AcPasc 

6.06 ±0.01/ 

0.43 ±0.17 

0.99 ±0.01/ 

0.42 ±0.19 

3.97±0.01/ 

0.84 ±0.19 

0.25 ±0.01/ 

0.007 ±0.1 

% decline after treatment 

ATPase AlkPase 

— — 

72 90 

91 96 

96 98 

AcPase 

— 

97 

34.5 

96 

Values given as mean ± SE from 5 replicate assays 

"Enzyme activity as specific unit which consumes 1.0 mmol substrate/ g wet wt. tissue /h 

''Specific activity as unit/ mg protein/ h 
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Graph 3: Alterations in total enzyme activities of I?, echinobothrida treated with 
extracts of A. oxyphylla and S. virosa, and reference drug 
praziquantel 
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Graph 4: Alterations in specific enzyme activities of R. echinobothrida treated 
with extracts of A. oxyphylla and S. virosa, and reference drug 
praziquantel 
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Graph 5: Percentage reduction in enzyme activity of R. echinobothrida treated 
with extracts of A. oxyphylla and S. virosa, and reference drug 
praziquantel 
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Table 5: Effect of crude extracts of A. oxyphylla and 5". virosa, and reference drug 
praziquantel on free amino acid pool (nmol/g wet weight) of R. 
echinobothrida 

ControiyTreated 
cestode with i = ^ 

Amino acids Fl 

lieu / Leu 

Asn 

Ser 

Pro 

Val 

Meth 

His 

Thr 

Cys 

Asp 

Gln/Lys 

Glu 

Tyr 

Trp 

Phe 

Arg 

Gly 

Ala 

Total FAA 

Control 

76.24 ± 1.02 

75.70 ± 1.26 

95.]5±0.1 

86.86 ±0.86 

85.36 ±0.08 

67.01 ±0.16 

64.45 ±0.09 

83.89 ±0.06 

82.54 ± 0.02 

75.]3± 1.31 

68.43 ±0.18 

68.00 ±0.26 

55.21 ±0.06 

48.96 ±0.02 

60.53 ±0.06 

57.40 ±0.02 

133.21 ±0.08 

110.00 ±0.1 

1394.07 

A. ox}>phylla 

11.9 ±0.06 (-84.4) 

28.0 ±2.04 (-63) 

95.15 ±0.05(0) 

86.86 ±0.96(0) 

85.36 ±0.98(0) 

26.8 ±0.01 (-60) 

32.23 ± 0.03 (-50) 

139.80 ±0.03 (+66.6) 

0.00 ±0.21 (-100) 

36.5 ± 1.4 (-51.4) 

34.21 ±0.18 (-50) 

18.55 ±0.22 (-72.7) 

16.56 ±0.03 (-70) 

24.48 ±0.07 (-50) 

15.13 ±0.02 (-75) 

28.7 ±0.02 (-50) 

0.00± 0.04 (-100) 

66.00 ±0.12 (-40) 

746.23 (- 46.5) 

S. virosa 

16.68 ±0.03 (-78.12) 

67.47 ± 1.94 (-10.9) 

95.15 ±0.05(0) 

92.40 ± 1.02 (+6.3) 

39.73 ±0.18 (-53.4) 

0.00±0.4(-100) 

64.45 ± 0.08 (0) 

111.2 ±0.06 (+32.6) 

165.1 ±0.03 (+100) 

70.83 ±2.1 (-5.7) 

68.43 ± 0.26 (0) 

55.64± 0.19 (-18.2) 

36.8 ±0.08 (-33.34) 

73.44 ±0.11 (+50) 

15.13 ±0.04 (-75) 

57.4 ± 0.02 (0) 

66.7±'0.06 (-50) 

154.00 ±0.07 (+40) 

1250.55 (- 10.3) 

PZQ 

7.15 ±0.32 (-90.6) 

52.6 ± 1.42 (-30.5) 

237.87 ±0.05 (+150) 

77.61 ± 1.06 (-10.6) 

49.80± 0.12 (-41.6) 

0.00 ±0.01 (-100) 

64.45 ±0.06(0) 

83.89 ±0.85(0) 

82.54 ±0.37(0) 

68.69 ±0.99 (-8.57) 

85.54 ± 0.24 (+25) 

68.00 ±0.01 (0) 

46.0 ±0.04 (-16.7) 

97.92± 0.08 (+100) 

15.13 ±0.03 (-75) 

57.4 ±0.02(0) 

99.1 ±0.1 (-25.6) 

110.0 ±0.09(0) 

1303.69 (-6.5) 

Values given as mean ± SE from 5 replicate assays 

Percentage increase (+) or decrease (-) of the FAA levels is given in parentheses 
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Graph 6: Effect of crude extracts of A. oxyphylla and S. virosa, and reference 
drug praziquantel on free amino acid pool (nmol/g wet weight) of R. 
echinobothrida 
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Table 6: Effect of ethanol extracts of A. oxyphylla and S. virosa, and reference 
drug praziquantel on the levels of trace elements (ppm) in R. 
echinobothrida, effluent and untested plant media 

Control/Treated 

cestode with 

Control 

A. oxyphylla (10 mg/ml) 

S. virosa (25 mg/ml) 

PZQ (0.001 mg/ml) 

Test parasite/media 

Parasite tissue 

Parasite tissue 

Effluent 

Untested plant media 

Parasite tissue 

Effluent 

Untested plant media 

Parasite tissue 

Effluent 

Untested PZQ media 

Ca 

45.2 ±1.22 

9.7 ±0.13 

33.1 ±0.87 

9.5 ±0.01 

10.2 ±0.46 

35.9 ±0.67 

18.6 ±0.02 

10.1 ±0.8 

11.4 ±0.61 

10.7 ±0.02 

Mg 

6.2 ±0.07 

3.6 ±0.4 

5.2 ±0.05 

1.84 ±0.02 

4.6 ±0.11 

6.0 ±0.37 

2.79 ±0.01 

5.7 ±0.37 

5.8 ±0.46 

2.6 ±0.01 

Values given as mean ± SE from 5 replicate assays 

p < 0.05 vs. control value, student's t- test 
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Graph 7: Effect of ethanol extracts of ^ . oxyphylla and S. virosa, and reference 
drug praziquantel on the levels of trace elements (ppm) in R. 
echinobothrida, effluent and untested plant media 
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Table 7: Effect of methanol fractions of A. oxyphylla and S. virosa, and 
reference drug praziquantel on the levels of trace elements (ppm) in 
R. echinobothrida, effluent and untested plant media 

Control/Treated 

cestode with 

Control 

A. oxyphylla (10 mg/ml) 

S. virosa (25 mg/ml) 

PZQ (0.001 mg/ml) 

Test parasite/media 

Parasite tissue 

Parasite tissue 

Effluent 

Untested plant media 

Parasite tissue 

Effluent 

Untested plant media 

Parasite tissue 

Effluent 

Untested PZQ media 

Ca 

45.2 ±1.22 

33.9 ±1.37 

5.4 ± 0.64 

11.0 ±0.01 

9.2 ±0.47 

36.3 ±0.87 

18.5 ±0.01 

10.1 ±0.8 

11.4 ±0.61 

10.7 ±0.02 

Mg 

6.2 ±0.07 

5.1 ±0.07 

5.7 ±0.11 

2.6 ±0.02 

4.4 ±0.3 

5.9 ±0.11 

0.15 ±0.02 

5.7 ±0.37 

5.8 ±0.46 

2.6 ±0.01 

Values given as mean ± SE from 5 replicate assays 

p < 0.05 vs. control value, student's t- test 
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Graph 8: Effect of methanol fractions of A. oxyphylla and S. virosa, and 
reference drug praziquantel on the levels of trace elements (ppm) in 
R. echinobothrida, effluent and untested plant media 
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Table 8: Effect of acetone fractions of A. oxyphylla and S. virosa, and reference 
drug praziquantel on the levels of trace elements (ppm) in R. 
echinobothrida, effluent and untested plant media 

Control/Treated 

cestode with 

Control 

A. oxyphylla (10 mg/ml) 

S. virosa (25 mg/ml) 

PZQ (0.001 mg/ml) 

Test parasite/media 

Parasite tissue 

Parasite tissue 

Effluent 

Untested plant media 

Parasite tissue 

Effluent 

Untested plant media 

Parasite tissue 

Effluent 

Untested PZQ media 

Ca 

45.2 ±1.22 

9.8 ±0.61 

18.7 ± 1.45 

12.68 ±0.01 

26.7 ± 1.61 

8.9 ±0.62 

13.7 ±0.02 

10.1 ±0.8 

11.4 ±0.61 

10.7 ±0.02 

Mg 

6.2 ± 0.07 

4.4 ±0.17 

5.6 ±0.07 

2.6 ±0.2 

5.2 ±0.14 

5.1 ±0.18 

0.27 ±0.01 

5.7 ±0.37 

5.8 ±0.46 

2.6 ±0.01 

Values given as mean ± SE from 5 replicate assays 

p < 0.05 vs. confro] value, student's t- test 
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Graph 9: Effect of acetone fractions of A. oxyphylla and S. virosa, and reference 
drug praziquantel on the levels of trace elements (ppm) in R. 
echinobothrida, effluent and untested plant media 
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In vivo experiments 
7. Treatment 

The results are presented in Tables 9 and 10 (Graphs 10 and 11). It 

is obvious from Table 9 that pre-treatment EPG count of untreated infected group of 

rats did not show any significant change on days 24-26. Administration of 25 mg of 

A. oxyphylla extract/kg body weight reduced the post treatment EPG counts by about 

62%. However, 50 mg extract/kg body weight reduced EPG count from an average 

of 20,350 to an average of 4,350 i.e., 78% reduction (significant at p<0.01). 

The administration of 1500 mg of S. virosa extract/kg body weight 

induced significant reduction (p<0.01) of EPG. The values decreased from 19250 ± 

984.9 to 6850 ± 427.2 and 6100 ± 180.3 post treatment (days 24-26 and days 33-

35, respectively) i.e. about 64 and 68% reductions, respectively. The extract 

equivalent to 750 mg of .S. virosa extract/kg body weight did not significantly reduce 

post treatment EPG count. Single oral administration of PZQ (5 mg/kg) also 

significantly reduced the EPG counts at all time inter\'als. In these rats, pre-treatment 

EPG count was about 20, 200 which reduced to about 1600 and 350 on days 24-26 

and days 33-35, respectively, after the drug administration, inducing 92.1 and 98.3 

percent reductions, respectively. 

Treatment with 750 mg/kg dose of 5. virosa extract resulted into 

comparatively low worm recovery rate: PZQ reduced the worm recovery rate by 

92%. The 25 and 50 mg of^. oxyphylla extract/kg body weight and 1500 mg of 5. 
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virosa extract/kg body weight showed a 80%, 87%) and 83% decline in worm 

burden. However, 750 mg/kg dose brought down the worm burden by only 40%. 
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Table 9: /// vivo anticestodal efficacy of ethanol extracts of A. oxyphylla and 5. virosa, and reference drug praziquantel against H. 

diminuta infections in albino rats by egg per gram of faeces (EPG) count 

Control/Treated 

cestode with 

Control 

A. oxyphylla 

25mg/kg 

50 mg/kg 

S. virosa 

750 mg/kg 

1500 mg/kg 

PZQ 

5mg/kg 

Pre-trcatment (A) 

(Days 18-20) 

20900 ± 100 

21500 ±409.3 

20350 ± 650 

20200 ±655.7 

19250 ±984.9 

20200 ±556.8 

EPG count' 

Post-treatment (B) 

(Days 24-26) 

20I50± 1033.2 

7550 ±304.1 

4350 ± 229.1 

16800± 1221.7 

6850 ±427.2 

1600 ±360.6 

Post-treatment (C) 

(Days 33-35) 

19900 ±264.6 

6050 ±217.9 

3750 ±433 

16500 ±866 

6100± 180.3 

350±50 

Difference in EPG count" 

(A and B) 

1150 ±705.3 

13950 ±708.9 

16000 ±638.3 

3400 ± 1231.9 

12400± 1011.2 

18600 ±458.3 

(A and C) 

1000 ±264.6 

15450 ±396.9 

16600 ±934.1 

3700± 1014.9 

13150± 1089.7 

19850 ±507.4 

% reduction in EPG' 

(A and B) 

5.5 ±3.4 

62.1 ±1.7 

78.6±1.1 

16.8 ±5.8 

64.2 ±2.8 

92.1 ±1.7 

(A and C) 

4.8 ± 1.2 

71.8 ±0.9 

81.5 ±2.4 

18.2± 4.7 

68.1 ± 2.3 

98.3 ±0.2 

"Values are mean ± SEM. n = 3 animals in each group. P < 0 01 (two-way ANOVA) 

98 



Graph 10: In vivo effect of ethanol extracts of A. oxyphylla and S. virosa, 
and reference drug praziquantel (PZQ) on H. diminuta EPG 
count 
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Graph 11: Percentage reduction in EPG count after treatment with extracts 
of A. oxyphylla and S. virosa, and reference drug praziquantel 
(PZQ) 
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Table 10: In vivo anticestodal efficacy (worm recovery rate) of ethanol extracts 
of A. oxyphylla and S. virosa, and reference drug praziquantel on H. 
diminuta 

Control/Treated 

cestode with 

Control 

A. oxyphylla 

25 mg 

50 mg 

S. virosa 

750 mg 

]500mg 

PZQ 

5mg 

No. of 

cysticercoids/rat 

5 

5 

5 

5 

5 

5 

No. of 

worms/group' 

4.5 ±0.5 

1 ±0.5 

0.65 ±0.35 

3 ± 0 

0.85±0.]5 

0.4 ±0.1 

Worm recover}' 

rate (%)" 

90 ±10 

20 ±10 

13 ±7 

60 ±1 

] 7 ± 3 

8 ± 2 

"Values are mean ± SEM. n = 3 animals in each group. P < 0.01 (one-way ANOVA) 
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Efficacy of active principles 
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1. Purified active component of-4. oxyphylla 

The active anthelmintic component isolated from A. oxyphylla was 

identified to be 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 '̂ ]̂ 

tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid (C22H25N3O5) having 

the structure provided below: 

(C22H25N3O5) 

2. Motility and mortality studies 

When R. echinobothrida was incubated in F5-ld, ]2-amino-7, 17-

dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 ^-^] tetraicosa-1 (20), 3, 5, 18, 21, 23-

hexaene-12-carboxylic acid, virosecurinine and PZQ, there was a decline in the 

motility of worms resulting eventually in their death (Table 11, Graph 12). The 

control parasites continued to show physical activity for an average timing of 72 

h following which they became immobilized. 

At 1 mg F5-ld and 1 mg 12-amino-7, 17-dioxo-2-oxa-8, 16-

diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-

carboxylic acid/ml of PBS, spontaneous movements seized in the worms at about 
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0.5 h while treatment with virosecurinine induced loss of motility and 

consequent paralysis in 1.25 h. Death occurred at an average timing of 9.0 h, 

5.75 h and 8.9 h for F5-ld, 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo 

[14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid and 

virosecurinine, respectively, and PZQ (0.001 mg/ml) caused the worms to die 

within 9.8 h. The observations indicate a significant difference (at p < 0.05) 

between the active principles-treated groups and the control group. 

2. Surface morphology and ultrastructural studies 

Scanning electron microscopy 

Fraction 5-ld of 4̂. oxyphylla caused the worms to contort and 

shrive] up. The surface alterations usually appeared as pronounced shrinking and 

a general smoothening of tegument because of a major diminution of 

microtriches. Formation of a large number of small pits gave the surface a total 

porous fafade (Figs. 73-76). 

Treatment with 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo 

[14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid of 

A. oxyphylla led to total depletion of microtriches which fused together to form 

masses. Proglottides were noted to be super-contorted and seemed to be breaking 

off from the main body at many places due to extreme shrinkage. The suckers in 

the scolex collapsed and retreated back, pushing the rostellum forward. 

However, the spines around the rostellum were retained and arranged flawlessly 

(Figs. 77-80). 

When treated with virosecurinine, the cestodes seemed to be 
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affected more as the suckers had retracted back giving the rostellum a markedly 

elevated appearance (Fig. 81). The suckers were porous with fewer hooks that 

were all clumped together wherever present (Fig. 82). The effect on the 

proglottides too was more prominent as they were not distinctly separate and 

each proglottid seemed to be gradually melting into the other. The surface was 

much clumped once again but with lesser infoldings (Figs. 83, 84). 

Transmission electron microscopy 

Parasites treated with Fraction 5-Id had no tegument as such apart 

from threads of basal lamina at some places (Fig. 85). The muscle layers were 

slightly fuzzy, particularly the longitudinal muscles and increased electron 

lucency was observed. Nuclei of the parenchymal cytons were immensely 

distended and showed a decrease in the nucleoplasm content while retaining 

their nucleolus at the same time (Fig. 86). Mitochondria observed were found to 

be normal throughout the parasite tissue (Fig, 87). 

12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] 

tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid treatment caused 

the tegument to strip off and the nuclei of subtegumental cytons to swell up 

severely (Fig. 88). Chromatin was condensed into heterochromatin in the 

nucleus and the cytoplasm of the cytons was highly vacuolated (Fig. 89). 

Mitochondria were found sparsely in the parasite body and were mostly acristate 

(Fig. 90). 

Virosecurinine treatment caused the microthrix layer and part of 

distal cytoplasm to dissolve leaving the basal lamina and the muscle layers 
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disrupted (Fig. 91). Unlike the methanol fraction of S. virosa, the subtegumental 

cytons did not have swollen and vacuolated nuclei. It was only the parenchyma 

that had bloated and deformed nuclei with no distinct nuclear material or distinct 

cytoplasm around it to mark the cytons (Fig. 92). Mitochondria were found in 

large numbers but they were mostly distorted and lacked the cristae (Fig. 93). 

3. Histochemical localization of tegumental enzymes 

The results for the activity of the tegumental enzymes in different 

parts of the parasite tissue are depicted in Table 12. Control worms showed 

intense ATPase activity throughout the parasite tissue, particularly, the 

tegument, subtegument and parenchyma (Fig. 94). ATPase activity was present 

mildly only in the subtegument and somatic musculature of the 12-amino-7, 17-

dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-

hexaene-12-carboxylic acid treated parasites (Fig. 95). Moderate enzyme activity 

was noted in the muscles and parenchyma of virosecurinine treated worms (Fig. 

96). PZQ caused the parasite to lose tegumental and subtegumental enzymes on 

a large-scale and ATPase activity was located very mildly only in the 

subtegument (Fig. 97). 

AlkPase activity was mostly concentrated in the tegument and 

subtegument of control worms with moderate activity in the parenchyma (Fig. 

98). In case of 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] 

tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid treated parasites, 

AlkPase activity was present very mildly in the subtegument and muscle blocks 

(Fig. 99). The activity was present only in the muscles in parasites treated with 
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virosecurinine (Fig. 100). PZQ caused the AlkPase activity to concentrate in the 

subtegument and muscle with very little activity in the parenchyma (Fig. 101). 

Control worms showed intense AcPase activity in the tegument 

(Fig. 102). 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] 

tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid treatment led to 

almost total inactivation of AcPase activity in the parasite tissue (Fig. 103). 

Virosecurinine treatment resulted in reduced enzyme staining throughout, with 

mild activity in the subtegument (Fig. 104). However, PZQ resulted in extensive 

diminishing of the enzyme throughout the tissue (Fig. 105). 

Thus, when treated with the active principles of the two plants, 

AlkPase activity was reduced majorly with virosecurinine, and AcPase activity 

was reduced most with ]2-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 

3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid. 
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Table 11: In vitro efficacy of fraction F5-ld of A. oxyphylla, active principles F5-
2d and virosecurinine, and reference drug praziquantel on R. 
echinobothrida (Number of worms in each test medium, n=6) 

Control/treated 

cestode with 

Control 

F5-ld 

F5-2d 

Virosecurinine 

PZQ 

Concentration (mg 

/ml) 

— 

1 

1 

] 

0.001 

0.01 

Paralysis (h) 

-

0.5 ±0.1 

0.5 ±0.2 

1.25±0.15 

3.0±0.14 

0.5 ±0.01 

Death (h) 

72.0 ± 0.06 

9.0 ±0.01 

5.75 ±0.1 

8.9 ±0.01 

9.8 ±0.21 

7.3 ±0.15 

F5-2d:12-amino-7, 17-dioxo-2-oxa-8, 16-dia2atricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 
23-hexaene-]2-carboxy]ic acid 

Values given as mean ± SE from 5 replicate assays 

p < 0.05 vs. control value, student's t- test 
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Graph 12: In vitro efficacy of fraction F5-ld oi A. oxyphylla, active principles 
F5-2d and virosecurinine, and reference drug praziquantel on R. 
echinobothrida (Number of worms in each test medium, n=6) 
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Figs. 73, 74: Scanning electron micrographs of R. echinobothrida treated with 
F5-ld fraction of ̂ . oxyphylla (1 mg) 

Fig. 73. Twisted scolex with distorted suckers. 

Fig. 74. Magnified view of a distorted sucker. 
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Figs. 75, 76: Scanning electron micrographs of R. echinobothrida treated with 
F5-ld fraction of ̂ . oxyphylla (1 mg) 

Fig. 75. String of shrunk proglottides. 

Fig. 76. A magnified view showmg pit formations in the tegument. 
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Figs. 77, 78: Scanning electron micrographs of R. echinobothrida treated with 
12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 
5,18, 21, 23-hexaene-12-carboxyiic acid of ̂ 4. oxyphylla (1 mg) 

Fig. 77. Collapsed and retracted suckers leading to the rostellum to look 

elevated. 

Fig. 78. Magnified view of the collapsed sucker. 
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Figs. 79, 80: Scanning electron micrographs of R. echinobothrida treated with 
12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 
5,18, 21, 23-hexaene-12-carboxylic acid of A. oxyphylla (1 mg) 

Fig. 79. Super-contorted and elongated proglottides with some almost breaking 

off from the main body. 

Fig. 80. Microtriches fused together to form masses. 
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Figs. 81-82: Scanning electron micrographs of R. echinobothrida treated with 
virosecurinine of 5. virosa (1 mg) 

Fig. 81. Muffin-head appearance of the rostellum, along with elongation of 

suckers. 

Fig. 82. Smooth rim of suckers due to falling off of hooks. 
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Figs. 83, 84: Scanning electron micrographs of R. echinobothrida treated with 
virosecurinine of 5. virosa (1 mg) 

Fig. 83. Deformed proglottides. 

Fig. 84. Tortuous infoldings of tegument which has a glossy texture due to 

lack of microtriches. 
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Figs. 85-87: Transmission electron micrographs of R. echinobothrida treated 
with Fraction F5-ld of A. oxyphylla (1 mg) 

Fig. 85. Threads of basal lamina and disorganised muscle blocks. 

Fig. 86. Distended nuclei within the cytons. 

Fig. 87. Mitochondria almost normal with only slight damage. 

All bars 0.5 ^m 
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Figs. 88-90: Transmission electron micrographs of R. echinobothrida treated 
with 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricyIo \iA.l.l.l 3, 6] tetraicosa-1 
(20), 3, 5,18,21, 23-hexaene-12-carboxylic acid of 4̂. oxyphylla (1 mg) 

Fig. 88. Stripped off tegument with highly swollen subtegumental cytons. 

Fig. 89. Vacuolated cyton with chromatin clumping in the nucleus. 

Fig. 90. Mitochondria few and mostly acristate. 

All bars 0.5 /urn 
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Figs. 91-93: Transmission electron micrographs of R. echinobothrida treated 
with virosecurinine of 5. virosa (1 mg) 

Fig. 91. Dissolved microtriches with remnants of distal cytoplasm; intact 

basal lamina and muscle blocks, and electron lucent subtegument. 

Fig. 92. Bloated nuclei with no distinct nucleoplasm. 

Fig. 93. Deformed mitochondria with few cristae. 

All bars 0.5 ^m 
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Table 12: Histochemical localization of ATPase, AlkPase and AcPasc in various structures of Raillietina echinobothrida treated with 
active principles F5-2d and virosecurinine, and reference drug praziquantel 

Control/Treated cestode 
with 

Control 

F5-2d (1 mg/ml) 

Virosecurinine (1 mg/ml) 

PZQ (0.001 mg/ml) 

T 

NP 

+ 

-

ATPase 

ST SM 

++++ +++ 

++ + 

+ ++ 

+ + 

P 

+++ 

++ 

-

T 

++++ 

NP 

NP 

-

AlkPase 

ST SM 

+++ +++ 

+ + 

+ 

+ 

P 

++ 

-

-

T 

NP 

+ 

+ 

AcPase 

ST SM 

++ ++ 

+ 

+ + 

+ 

P 

4 1 

+ 

-

F5-2d;12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-tiexaene-12-carboxylic acid 

T-Tegument; ST-Subtegument; SM- Somatic musculature; P- Parenchyma; NP- Structure not present 

++++ Very intense activity, +++ Intense activity, +-i- Moderate activity, + Mild activity, - No activity 
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Figs. 94-97: Adenosine triphosphatase (ATPase) activity in i?. echinobothrida, 

frozen sections 

Fig. 94. Control (T- tegument, ST- subtegument, SM- somatic musculature, P-

parenchyma) section showing high ATPase activity 

Fig. 95. 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] 

tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid treated 

parasite section showing very low enzyme activity in somatic 

musculature and parenchyma 

Fig. 96. Virosecurinine treated parasite section showing low stain intensity in 

tegument and subtegument 

Fig. 97. Praziquantel treated section showing diminished enzyme activity in 

tegument, somatic musculature and parenchyma 

All bars 50 ftm 
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Figs. 98-101: Alkaline phosphatase (AlkPase) activity in R. echinobothrida, 

frozen sections 

Fig. 98. Section of control worm showing intense staining for AlkPase 

Fig. 99. 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] 

tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid treated 

section showing diminished enzyme activity in subtegument and 

muscles 

Fig. 100. Virosecurinine treated section showing no enzyme activity in 

subtegument and parenchyma 

Fig. 101. Praziquantel treated section showing a decline in enzyme activity 

All bars 50 fim 
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Figs. 102-105: Acid phosphatase (AcPase) activity in R. echinobothrida, frozen 

sections 

Fig. 102. Section of control worm showing high AcPase activity 

Fig. 103. 12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] 

tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid treated 

section showing very mild enzyme activity in somatic musculature 

Fig. 104. Virosecurinine treated section showing reduced enzyme activity 

Fig. 105. Praziquantel treated section showing no activity of AcPase in 

muscles and parenchyma 

All bars 50 /jm 
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Discussion 

In vitro 

Results obtained from the present investigation indicate that S. virosa 

and A. oxyphylla indeed have ainthelmintic efficacy on poultry cestode R. 

echinobothrida. When treated with the ethanol extract and acetone and methanol 

fractions of these plants, the parasites entered into a state of paralysis soon after 

incubation which is consistent with other in vitro studies on cestocidal and 

trematocidal activities (Roy and Tandon, 1996; Tandon et al., 1997; Roy et al., 2007 

a, b, 2008, 2009). Thereafter, they proceeded towards death maintaining a direct 

relation between the concentrations of the plant extracts and the timings taken to 

attain mortality. However, the parasites incubated in the lowest dosage of plant 

extracts took a significant amount of time to get paralysed or arrive at mortality. As 

it happens with natural products, the most biologically effective substances 

constitute only a minor proportion of the plant extract. There are many undesirable 

compounds or extraneous residues present in the extract, so that at low 

concentrations, the biological effect is greatly diminished (Mwambete, 2009). 

Therefore, consumption of large quantity of extract is generally necessary to induce 

a substantial pharmacological effect. Thus, even though incubation of the parasites in 

lower doses of the plant extracts took a longer stretch of time for attainment of 

mortality, paralysis did occur within a time period that could imply the possibility of 

weakening of the hold of the parasite in the host's gut and its final expulsion from 

the host by gut peristalsis. So, it is assumed that at lower dosages, the plant 

122 



preparations may function as vermifuges. A number of ethno medicinal plants used 

by the neighbouring Naga tribes have been demonstrated to show similar 

anticestodal activity including Psidium guajava, Houttuynia cordata and Lasia 

spinosa, while many of the traditionally acclaimed plants did not show significant 

efficacy (Temjenmongla and Yadav, 2005). 

A higher efficacy was noted for the methanol fraction of S. virosa 

instead of the acetone fraction, even though the latter gave acceptable results both in 

terms of motility and survival of the worms. Ethanol extract, methanol and acetone 

fractions of plant extracts have been reported to be most active as anthelmintics 

rather than other extracts made in other polar solvents like ethylacetate, diethyl ether, 

etc. (Barrau et al., 2005; Iqbal et al., 2006; Ademola and Idowu, 2006; Fujimaki et 

ai. 2005). In a similar kind of in vitro experiment, Lalchhandama (2008) showed 

that the ethanol extract of root peel of Millettia pachycarpa, an anthelmintic 

medicinal plant of Mizoram, had maximum cestocidal efficacy as compared to its 

methanol and acetone fraction. Relative analysis of the motility and mortality of the 

two plant extracts revealed A. oxyphylla to be a faster acting anthelmintic as 

compared to S. virosa. The acetone fraction of the former proved to be the most 

effective with ethanol extract coming moderately close. On the other hand, the 

methanol fraction of S. virosa showed earlier paralytic effects on the parasites as 

compared to the acetone fraction or ethanol extract. Therefore, it may be speculated 

that S. virosa can cause considerable inhibition of the muscle movements of the 

parasites leading to their expulsion from the host intestine. However, it seems that A 

oxyphylla can bring about the same effect at a much shorter interlude. 
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Scanning electron micrographs of the present study showed that both 

the plant extracts {A. oxyphylla and S. virosa) caused morphological alterations on 

the. tegument of R. echinobothrida. Control cestodes exhibited smooth surfaces with 

finely arranged microtriches all over the body whereas, plant extracts' treatment 

caused the microtriches on the parasite surface to clump, giving the tegument a 

coarse appearance. Similar kind of observations was also recorded in R. 

echinobothrida treated with crude extract of M. pachycarpa (Roy et ai, 2008). 

While the fastest acting fraction (methanol fraction) of S. virosa caused lesions and 

cracks around the suckers of the tapeworm, the fastest acting fraction (acetone 

fraction) of A. oxyphylla caused the scolex to go completely twisted and contorted. 

Thus, the two plants exerted two different types of effects on the test parasite. 

Incubation of Fasciola gigantica in Siwa propolis caused blebbing and lesions on the 

surface, and the tegument was marked by a number of pits caused by the loss of 

spines (Hegazi et al., 2007). Surface changes to the adult fluke Fasciola hepatica, 

when treated with genistein, comprised swelling and blebbing, especially in the 

posterior region, and there was particular disruption to the spines, accompanied by 

some spine loss (Toner et al., 2008). Same kind of destructive effects were witnessed 

in R. echinobothrida as well on treatment with genistein (Tandon et al, 1997). 

The main injury observed in the tegument of the worms was the 

widespread vacuolization. Further and ensuing the degeneration of the syncytial 

matrix and the extensive swelling of the inner membrane folds, countless large 

vacuoles appeared. Most parenchymal cells suffered from necrosis, as indicated by 

their swelling, increased electron-lucency, and absence of their mitochondria and 
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nucleoli. Furthermore, the mesenchymal matrix endured widespread vacuolative 

degeneration. On the other hand, the injury assaulting the tegument-forming cells 

was the cytoplasmic lysis. Additionally, and other than the disappearance of the 

nucleoli and significant dilatation of the nuclear membrane, the nuclei of the 

tegumental cells showed loss of nucleoplasm due to rupture of the nuclear membrane 

at many places. Cyclosporin A (CsA), an immunosuppressive component, when 

tested against the tapeworm Hymenolepis microstoma in vitro, the initial foci of drug 

damage were the parasite surface and mitochondria in the syncytium (McLauchlan et 

al, 2000). Changes many a times have been noticed in the tegument and in the 

intracellular material of the parasites as in the case of H. fraterna when treated with 

anthelmintics like taenifugin (Stoitsova et al, 1992). Blebbing of surface along with 

accumulation of membrane fragments over the microthrix tips and erosion of the 

microthrix layer have also been observed with anticestodal drugs as obseri'ed in the 

present study involving A. oxyphylla and 5. virosa. Cysteine proteinases isolated 

from papaya (Carica papaya) can cause digestion of the tegumental surface of 

Rodentolepis microstoma as proven by Stepek et ah, (2007). The strobila of this 

cestode comprises of a chain of proglottids which, on incubation with papaya latex 

or stem bromelain, became smaller and erupted in blisters over the surface. 

In the present study, the disorganization seen due to the action of 

both the plants in the parasites was primarily of plasma and organelle 

membranes with the net result being a necrotic volume increase (NVI) within the 

cells until cell membrane rupture which gave rise to cytolytic release of internal 

parasite substances especially associated with nuclear materials, resulting in 

125 



tissue injury and inflammation and lysis /dissolution (Toner et al., 2008; Roy et 

al., 2009). Also the cell-cell contacts and the muscular fibres appeared 

disorganized in many areas. Differentiated cells disappeared, and cellular 

residues were present in large parts of the tissue. Many nuclei exhibited a high 

degree of chromatin condensation, the cytoplasm in many cells was largely 

vacuolized, large numbers of lipid droplets were visible and mitochondria when 

present, mostly appeared electron lucent and vesicle-like. Erosion of 

microtriches, distortion and disruption of mitochondria, nucleus, nucleolus, 

nuclear membrane, basal lamina, and tegumental vacuolization in the distal 

c}i;oplasm leading to scar formation in the surface was also noticed in R. 

echinobothrida treated with M. pachycarpa (Roy et al., 2008). 

The microtriches in the tegument are thought to serve two functions. 

Firstly, the tapeworms do not possess a gut and must absorb all of their nutrients 

across the surface tegument. The microtriches greatly increase the surface area of the 

parasite, and can be seen as an adaptation to maximise the amount of nutrient 

absorption in the parasite (Smyth, 1996). This is supported by the finding of 

microtubules in the shaft of the microtriches. The tegumental erosion noticed in this 

study thus might have caused severe nutrient deficiency within the parasite. 

Secondly, the spine-like character of the microtriches of the scolex probably helps 

the parasite maintain its position in the gut (Lalchhandama, 2008). This can be more 

clearly seen by comparing the microtriches found in different regions of the parasites 

body. It has been noted in many species that the microtriches found covering the 

scolex, the attachment organ of the parasite, are much longer than those covering the 

strobila, and in some species show special adaptations. For example, the microtriches 
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covering the strobila of E. granulosus have been found to be curved with hooks or 

sometimes even barbs (Thompson et al., 1982). So, depletion of the microthrix layer, 

as observed, can cause the parasites to lose their hold to the host gut. 

Disruption and dissolution of parasitic tegument/cuticle in the 

presence of different plant extracts is not new. It was first suggested in the late 1870s 

(Wurtz and Bouchut, 1879) and then shown convincingly in the last century, first 

with extracts of figs (Robbins, 1930) and then pineapples and papain on Ascaris 

suum (Berger and Asenjo, 1939, 1940). The same authors found that the tegument of 

porcine acanthocephalan parasite Macracanihorynchus hirundinaceus disappeared in 

the presence of fresh pineapple juice (Berger and Asenjo, 1939). The observations 

that cysteine proteinases actually damage cestodes {R. microstoma, as mentioned 

earlier) and acanthocepahalans, raise the possibility that there may be common target 

sites in proteins in the nematode cuticle and the cestode and acanthocephalan 

teguments (Behnke et al, 2008). 

The location of important cellular elements in the subtegumental 

cytons, away from the outer surface of the parasite is an important adaptation to a 

parasitic lifecycle adopted by all of the parasitic platyhelminths to avoid 

immunological attack by host. However, when the tegument gets eroded, these 

cellular components get exposed to host attack and dissolve causing high metabolic 

stress. The present study revealed that, in vitro, the plant botanicals from A. 

oxyphylla and S. virosa caused substantial damage to the surface of parasitic 

cestodes (R. echinobothrida), which resulted in a significant reduction in the 

physical activity of the parasites. Despite the lack of speed in attaining worm 
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mortality, 5. virosa possessed good efficacy against the cestode, as shown by its 

apparent effect on the tegument, perhaps indicating a different mechanism of action. 

However, in most cases, the A. oxyphylla stem bark appeared to have the greater 

potency. 

The interaction of the tegumental surface membrane with the 

underlying cytoskeleton may have been disrupted at focal points in the microtriches, 

resulting in a loss of the membrane anchoring required for the structural integrity of 

the tegument. Vacuolization of the tegument was observed as an effect of several 

chemotherapeutic agents as seen in other studies (Mehlhom et al., 1981; Kohn et ai, 

1982; Shaw and Erasmus, 1983, 1987; Popiel and Erasmus, 1984; Shaw, 1990; Xiao 

et al, 2002; Taha, 2007). Mehlhom et al. (1981) observed that vacuolization of the 

tegument leads to disruption of the apical tegument layer which eventually causes 

the parasite to die. Shaw and Erasmus (1983) assumed that the vacuolization and the 

loss of tegumental matrix are because of the formation of blebs. In many studies with 

cestodes, the intracellular organelles were changed in structure, showing increased 

electron density or lucency in some areas and oedema in other areas. Apart from 

causing vacuolization and disruption of the tegumental matrix, the plants caused lytic 

degeneration to the tegumental cells and swelling and release of materials from the 

parenchymal cells. Similar results were also obtained under the influence of 

antibilharzial agents (Shaw and Erasmus, 1983, 1987; Xiao et al., 2002; Taha, 2007). 

Since the cells clearly showed signs of necrosis, we can deduce that they might have 

lost control of ion flux resuhing in reduction in concentration gradients of Na"̂ , K"̂ , 

Ca , Mg , as well as changes in osmotic pressure. During apoptosis, mitochondria 

remain functionally intact, providing the necessary energy (Okada et al., 2004). But 
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during necrosis, they face NVI as anion channels involved in regulatory volume 

decrease (RVD) are inhibited due to subsequent reduction of cellular ATP and 

elevation of cytosolic Mg^^, lose cristae and eventually disintegrate (Okada et al, 

2004), as was noted in this study. 

Scarce, mitochondria; 
loss of cpistae 

Reduction of cellular ATP 
\ 

Anion channels involved in RVD 
ihibited 

NVI 

Probable steps leading to loss of mitochondria because of necrosis 

Granular endoplasmic reticulum (GER) is believed to be the site of 

protein synthesis including enzymes and horaiones. So, its vesiculation reflects poor 

cellular ability to synthesize proteins needed by cells in the process of wear and tear. 
« 

Also, the mitochondria, in addition of being the sites of cellular energy, they are 

indirectly concerned with the synthesis of amino acids. Therefore, it is not surprising 

that cell respiration is inhibited if mitochondria lose their regular organization 

(Stringer et al., 1971) and protein synthesis will be affected because of lack of 

energy (Robbins and Angell, 1976). 

Another common response observed after the drug treatments in the 

present study is the appearance of myelin-like membranous whorls or vesicles. The 

production of blebs and membranous whorls is regarded to be an emergency repair 

mechanism utilized by the worms to replace damaged surface membranes (Shaw and 
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Erasmus, 1983). During the investigations, membranous whorls were noticed 

interspersed throughout the parenchyma of the A. oxyphylla extract-treated parasite. 

The formation of membranous whorls and blebs has also been observed on the 

tegument of worms treated witli other anthelmintics (Voge and Bueding, 1980; 

Mehlhom et al., 1981; Kohn et al., 1982; Amin & Mikhail, 1989; Shaw & Erasmus, 

1983, 1987; Fallon et al, 1996; Mostafa and Soliman, 2002; Shaohong et al, 2006; 

Taha and Soliman, 2007). Shaw and Erasmus (1983) also noted large, membranous 

whorls and small, lucent vesicles in the gastrodermis of 5. mansoni treated with PZQ 

in vivo. This phenomenon also occurred following worm starvation in the 

gastrodermis of P ohirai (Fujino and Ishii, 1978) and some other trematodes 

(Bogitsh, 1973,1975). 

The active principles of the two plants in the present study greatly 

intensified the damaging effects on the tegument of the parasite at concentrations 

lower than that of the crude plant extracts. Both the final fractions (F5-ld and F5-2d) 

of A oxyphylla exerted extreme adverse effects on the parasite, but F5-2d (12-

amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 

21, 23-hexaene-12-carboxylic acid) seemed to be a more powerful agent in terms of 

anthelmintic efficacy. On the other hand, virosecurinine seemed to be comparatively 

less active as noted fi-om the surface alterations observed through SEM. 

Intense ATPase, AlkPase and AcPase activities were observed in the 

tegument and subtegument areas of control R echinobothrida while these enzymes 

were noted to diminish in the parasites treated with both the plant extracts and their 

active principles. Cytochemical studies at the ultrastructural level have indicated that 
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phosphatases are localised in or on the tegumentary brush border of cestodes 

(Rothman, 1966; Lumsden et al., 1968). h has been suggested that these enzymes act 

in digestive capacity, hydrolyzing phosphate esters to which the cell may be virtually 

impermeable (Read, 1966; Lumsden et al, 1968). Phosphatases are important 

tegument proteins whose association with membrane transport have been implied by 

their ubiquitous presence in tissues of secretory or absorptive function. The view that 

physiological transport activity is mediated directly by enzymes located on or within 

c>tomembranes (Mitchell, 1961), has received much support in recent years. 

Nucleotides are converted to their nucleoside derivatives prior to passing through the 

surface membrane of parasites. Depending on the relative permeability of the 

surface membrane to phosphorylated compounds, hydrolysis of phosphate esters at 

the strobilar surface could facilitate the subsequent passage of the organic portions of 

the molecule across the plasmalemma (Lumsden et al, 1968). 

Phosphatase functions in regulating metabolic processes, with alkaline 

phosphatase and adenosine triphosphatase taking part in active transport through 

cellular membranes and acid phosphatase (lysosome marker) indirectly providing 

information regarding intracellular digestion processes. In many parasites, the 

presence of phosphatase is regarded as the indicator of the areas responsible for 

secretion and excretion activities and the absorption of nutritive components. High 

activities of both acid and alkaline phosphates have been confirmed in the tegument, 

subcutaneous cells and parenchyma of tapeworms (Armejl966; Niemczuk, 1993). 

Arme (1966) and Niemczuk (1993) established a clear dependence of the activity of 

these enzymes on the degree of maturity of tapeworm segments with greater activity 
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observed in mature segments. The alkaline phosphatase in the mammalian small 

intestine is believed to participate in the degradation of organic phosphate to free 

phosphate. Although there is no lucid evidence, the enzyme has been known to act in 

the substance transportation (Kaplan, 1972). Dusanic (1959) observed alkaline 

phosphatase activity in Schistosoma mansoni and reported that alkaline phosphatase 

supports the absorption and secretory functions of the parasites. Among the majority 

of nematodes, the activity of acid phosphatase in the tegument is high and is 

correlated with the absorption of glucose through the body wall (Maki and 

Yanagisawa, 1980). According to Skotarczak (1987), both enzymes play an 

important role in the metabolic processes of helminth embryos, and their activity 

depends on the metabolic intensity. These enzymes are believed to be responsible for 

the transport of substances across the walls of excretory canals and also in ionic 

regulation. 

It is widely speculated that when there is a decrease in the tissue 

ATPase activity, the permeability of the glycocalyx-plasmalemma system is 

disrupted causing the plasmalemma parts to get damaged. This in turn causes the 

AcPase to diffuse out to digest the damaged membrane parts leading to a decrease in 

the tegumental AcPase levels. Damage of the parasite membrane also causes an 

increased inflow of salts from the external media which accumulates in the basal 

infolds (Fairweather and Boray, 1999). To compensate, there is penetration of water 

from the surrounding tissue leading to swellings in the basal infolds (as observed in 

A oxyphylla ethanol extract treatments) and vacuolization of tissue (Anderson and 

Fairweather, 1995; Dasgupta et ai, 2010). In treatments ^ith the two plant extracts, 
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AcPase diminished the most followed by ATPase in case of A. oxyphylla-trtated 

parasites while AlkPase declined most in case of 5 v/ro50-treated parasites. This 

proved that there was extensive digestion of the tegument in A oxyphylla-trtated 

parasites (in tune with observations made by electron microscopy) by tegumental 

AcPase which eventually leaked out causing a drop in its level, while in case of S. 

vz>OM-treated parasites, the tissue pH was majorly disrupted due to lowering of the 

AlkPase level because of which most of the damages were interior in the 

subtegumental level (as also observed through transmission electron microscopy). 

The active principles of the plants also produced results corroborating with the 

results obtained through the crude plant extracts as observed by histochemical 

staining. AlkPase activity was reduced majorly with virosecurinine, and AcPase 

activity was reduced most with F5-2d. The reference drug PZQ also showed the 

highest decrease in AlkPase and most of the damages obser\''ed were tegumental than 

internal organs. 
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Damaged plasmalemmo parts 
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digest membrane parts 
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Probable route/causes of damage of tegument resulting from decline ia the 

levels of tegumental enzymes 

Treatment of R. echinobothrida with the plant extracts and PZQ led to 

the decrease in the levels of certain free amino acids and increase in the levels of 

others. Protein metabolism in parasites is less well known than carbohydrate 

metabolism, but it may be considered more important because all animals require 

nitrogen in their metabolism. Compared with protein amino acids, the free amino 

acid fraction in tissues is small and probably represents several independent pools 

(Barrett, 1991). Free amino acid pool is considered to be the protein precursor of the 

amino acid pool and is thus a very important prelude to study of protein metabolism. 

Parasitic helminths show a wide range of free amino acid levels, with the highest 

levels being found in marine monogeneans (Arme, 1977). Amino acids of late have 

emerged as potential targets for anthelmintic drug development, as they are a major 

constituent of all biological materials. The latest drug designs have exploited the 
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differences between the pathways of amino acid metabolism in helminth parasites 

and their mammalian hosts. 

Scanty information is available regarding the amino acid metabolism 

in helminths. There are published reports on the free amino acid (FAA) pool of 

several cestode species (Chappell and Read, 1973; Soutter et ai, 1980). Most of the 

helminths studied to date have been found to excrete significant amounts of nitrogen 

in the form of amino acids, peptides or proteins. The excretion of amino acids can 

provide a means of detoxifying ammonia that is known to have a neurotoxic effect 

and also to cause various neurological disorders (Cooper and Plum, 1987; Campbell, 

1991), of which paralysis of the worm may be one such manifestation. 

In cestodes, the size of the free amino acid pool ranges from 100 to 

400 mg per 100 g fresh weight, the highest values being found in the tapeworms of 

sharks (Simmons, 1969). In Hymenolepis diminuta, the major free amino acid is 

reported to be alanine (Daugherty, 1952; Foster and Daugherty, 1959; Webb, 1986), 

although the free amino acid pool of H. diminuta seems to be, at least to a certain 

extent, in equilibrium with the external amino acid pool (Arme and Read. 1969). H. 

diminuta is capable of volume regulations in hypotonic fluids and an increased efflux 

permeability of the brush border of H. diminuta to amino acids was noticed during 

hypotonic incubations, thus establishing the fact that free amino acids may be 

involved in osmotic regulation (Lussier et ai, 1978; Wack et ai, 1983) as there is 

always a danger that high levels of a single osmolyte will disnipt protein structure. 

The problem of amino acid absorption by the helminth parasites have 

been recorded by several authors. The studies of Daugherty (1957 a, b), and of 
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Daugherty and Foster (1958) demonstrated active transport of certain amino acids 

(labelled methionine and cystine) into Hymenolepis and Raillietina. Read et al. 

(1960) declared that either valine or leucine competitively inhibits permeation of the 

other, and that certain other amino acids inhibit permeation of valine or leucine. 

Since proline is apparently involved in protein synthesis and the formation of 

collagen, it is expected that considerable amount of exogenous proline v̂ 'ill be 

absorbed by the parasites. In the present investigation, treatments with A. oxyphylla 

revealed considerable decrease of Gly, Ala, Cys, Arg and Glu, whereas, Pro, Ser and 

Val levels remained unchanged. This simultaneous accumulation of Pro with an 

absence of Ala could be due to competition for substrate of the enzymes in the Ala 

and Pro biosynthesis. Ala and Pro are known to be the true metabolic end products 

of carbohydrate metabolism. There is evidence that alanine, which was present in 

greatest quantity in all samples, may be an end-product of glucose catabolism 

(Roberts, 1983). Wack et al. (1983) found substantial quantities of label in alanine 

when H. diminuta was incubated in 14C-glucose. It appears that alanine is formed 

from pyruvate by the action of alanine aminotransferase, glutamate being the amino 

group donor (Wack et al, 1983). Cestodes treated with crude extract of 5. virosa 

revealed a decrease in Gly (50%) and Glu levels; whereas an increase in the levels of 

Pro, Ala and Cys was recorded as compared to control ones. Arg levels remained 

unchanged just like PZQ-treated parasites. Thus, there was an increase in the end 

products of carbohydrate metabolism on treatment with 5. virosa (Roberts, 1983). As 

Arg and Pro are the kind of amino acids that are different in helminths and 

mammals, this point of energy metabolism can be exploited in dmg design against 

intestinal parasites. Though Val levels remained unaltered in A. oxyphylla-litatcd 
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parasites, it decreased by about 50% in S. v/>05a-treated parasites and both the plant 

treatments brought about a significant decline in the Leu/Ile levels indicating that 

other amino acids somehow inhibited the permeation of the two amino acids in case 

of S. virosa treatments. Glutamic acid, a common substrate of glutamine, arginine 

and proline and the primary NRi^ acceptor, as well as the product of ammonia 

assimilation, showed a considerable decline in both the plant extract-treated 

parasites. 

Parasites treated with the plant extracts and PZQ showed a significant 

decline in the levels of calcium and magnesium and a relevant increase of the same 

in the incubation media. Bricker et al., (1983) demonstrated the correlation between 

vacuolization of the parasite tegument and the concentration of Ca . The Ca 

ATPase is found to be unable to control the rise of Ca ion concentration brought 

about by PZQ. It has also been postulated that different calcium charmels might be 

involved in the impairment of the calcium homeostasis within the parasites. In vitro 

disruption of the bilayer structure of synthetic phospholipid vesicles 

(phosphatidylserine, phosphatidylethanolamine) can be induced in the presence of 

calcium by PZQ resulting in the formation of hexagonal structures. The appearance 

of such hexagonal structures in the tegumental membranes may thereafter facilitate 

Câ "̂  entry into the worms leading to a disturbance of Câ "̂  homeostasis and overall 

changes in membrane integrity. Probably, interactions between negatively charged 

phospholipids, Câ "̂  ions and the electrically neutral praziquantel are responsible for 

the perturbations of membranes. Therefore, any significant alterations induced by a 

chemotherapeutic agent in the Câ "̂  influx/efflux of a cestode or trematode system 
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can be critically disturbing for the normal contraction of the parasite musculature. 

Tetas and Lowenstein (1963) have demonstrated that a number of divalent cations, 

including calcium, copper, magnesium, and manganese, catalyze the hydrolysis and 

transphosphorylation of phosphate esters in the absence of the appropriate enzymes. 

So, alterations in the levels of these elements can have a devastating effect on the 

transport system of cestode parasites. Therefore, it is highly feasible to assume that 

similar cestocidal activity of the two test plants is attributable to similar internal 

alterations brought about by their active principles. 

In vivo 

In the present study, a noteworthy decrease was noted in the pest 

treatment EPG count as compared to the pre-treatment EPG count in all treatment 

groups. To evaluate the effect of plant extract against intestinal helminth parasites, 

the number of eggs excreted in faeces has been used as the endpoint (Akhtar et al., 

1982; Gathuma et al, 2004). A useful anthelmintic effect can be obtained from any 

ethno veterinary medicine preparation if the level of reduction in faecal egg count of 

treated animals is in the order of 70%. This is the criterion that has been used by 

scientists to evaluate the anthelmintic properties of a number of plants to treat small 

ruminants (Githiori et a}., 2002, 2003, 2004). The EPG counts obtained in thie 

present study have shown more than 70 % reduction post treatment with A. oxyphylla 

and near 70% reduction with S. virosa treatments. A daily treatment with ethanol 

extract of Canthium manni (Rubiaceae) at 5600 mg/kg, showed a 75% decrease in 

fecal egg count and 84% reduction in worm burden with 7 days of treatment of 

rodent (Wabo et al, 2009). A 600 mg/kg treatment with extract of stern bark of 
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Sacoglottis gabonensis was extremely effective, but exceedingly toxic, with mice 

showing signs such as depression, drowsiness, unsteady gait and paralysis of the 

hind limbs, dyspnoea, coma and death apparent within 1-2 min following 

intraperitoneal injection (Nwosu et al, 2008). 

The results in the present study indicate that the efficacy of the plants 

is dose- dependent. Lower worm coimts after treatment periods as recorded in the 

present study may be owing to loss of worm and/or process of destrobilation (Dixon 

and Arai, 1991). It is known that the cestodes usually undergo the process of 

destrobilation if exposed to any anthelmintic drug or if owing to any physiological 

stress in the intestine. The worm recovery rate decreased subsequently on increasing 

the dose of the plant extracts. Similar results were also recorded when H. diminvta 

was subjected to in vivo treatments with the crude extracts of Thfolium repens and 

Psidium guajava, two traditionally used medicinal plants of Northeast India (Tangpu 

et al., 2004; Temjenmongla et al., 2006). Low worm burdens have been observed 

post treatment with other ethno veterineiry medicine preparations against cestode-

infected hosts including humans (Desta, 1995), rodents (Galal et al, 1991; 

Vishnyauskas et al, 1993; Bogh et al, 1996; Ghosh et al, 1996; Molgaard et al, 

2001) and ruminants (Akhtar and Riffat, 1986). The recovery of low number of 

worms on necropsy after treatment and reduction in EPG count fiirther substantiates 

the claim regarding the anticestodal efficacy of the two plant extracts. Thus, the 

extracts of the two plants showed major anthelmintic efficacy at dosages of 50 

mg/kg {A. oxyphylla) and 1500 mg/kg body weight (S. virosa). 
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The results obtained in the present investigation through in vitro and 

in vivo experiments clearly indicate that the stem bark of A. oxyphylla, leaves of 5. 

virosa and their active principles act as anthelmintic, as they are responsible for 

destruction and degeneration of tegument and cellular organelles, reduced activity of 

vital tegumental enzymes and trace elements, and disruption in the levels of various 

free amino acids within the tested cestode parasites. However, the mechanism 

underlying the exact mode of action that brings about the cestocidal activity is not 

clear; therefore, further detailed investigations with the active principles are required 

to know the exact mechanism of action of the anthelmintic components of the plants. 

In this context, standby alternatives will have an important role to play, but more 

importantly, with investment in improving the delivery and formulations of available 

plant botanicals, they can be developed into effective anthelmintics. 
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ABSTRACT 

The present study involves an investigation on the anthelmintic 

efficacy of Acacia oxyphylla Graham ex Bentham (Family: Leguminosae) and 

Securinega virosa (Roxb. ex Willd.) Baill. (Family: Euphorbiaceae). The 

aqueous concoction of the plants (stem bark of A. oxyphylla, leaves of S. virosa) 

is taken by the Lushai tribe in Mizoram, a state in Northeast India, to cure 

intestinal worm infections. The in vitro activity of the extracts of the two plants 

and their active principles was tested against the poultry cestode, Raillietina 

echinohothrida. Alterations in the motility of the parasite, structural changes 

(both morphological and ultrastructural), changes in important enzymes 

associated with the tegument, free amino acid pool and vital trace elements were 

taken as parameters for the study. The plants were also tested in vivo against the 

rodent parasite Hymenolepis diminuta maintained in adult Wistar rats. Changes 

in EPG count pre-treatment and post treatment with the plant extracts and the 

percentage recovery of worms at the end of experimental period were used as 

parameters for in vivo experiment. 

1. In vitro studies 

a) Motility and mortality studies: In vitro treatment of the parasite with the 

plants' extracts, their fractions, and the reference drug praziquantel 

(PZQ) led to complete immobilization of the parasite followed by death. 

On exposure to the test solutions, the worms proceeded from a state of 

vigorous movements to a relaxed condition in which they continued to 

remain till they attained paralysis. The time taken for paralysis showed a 
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dose-dependent effect as paralysis occurred at a shorter period of time for 

higher concentrations of test materials while for lower doses it took a 

much longer period of incubation. 10 mg/ml dose of crude extract of A. 

oxyphylla took 3.50 ± 0.12 h to cause paralysis in the parasite, which was 

comparable with the time frame of onset of paralysis in parasites treated 

with 0.001 mg/ml dose of PZQ. Onset of paralysis within a time span 

similar with 0.001 mg/ml dose of reference drug occurred at 3.76 ± 0.11 

h, with 25 mg/ml dosage of .S. virosa, demonstrating A. oxyphylla to be a 

faster acting anthelmintic, 

b) Surface topography and ultrastructural studies: Stereoscan observations 

on control R. echinobothrida revealed normal contour of scolex having 

four suckers and a rostellum having spines. Trunk of the parasite 

comprised of a chain proglottides having fine microtriches arranged in a 

specific direction. On exposure to crude extract of A. oxyphylla and its 

fractions, proglottides became smaller and the surface erupted into 

blisters all over. Distortion and deformation of scolex was also 

prominent. A similar kind of distortion and deformation was observed in 

parasites exposed to S. virosa crude extract and its fractions as well. 

Transmission electron microscopic observations on the control worms 

revealed the typical cestode morphology with respect to the tegument, 

subtegument and inner parenchyma. The tegument of A. oxyphylla (crude 

and fractions of crude extract) treated worms was mostly stripped right 

down to the basal lamina and the remnants of the basal infolds left behind 

were highly swollen. There was an increase in electron-lucency of the 
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background due to both glycogen loss and vacuole formation and the 

subtegument showed immense vacuolization and accumulation of debris. 

There was very little amount of GER remaining with no evidence of 

Golgi complexes. The parenchymal cytons of the treated parasites 

showed complete loss of connections with the surrounding parenchyma 

and the chromatin in the nucleus appeared clumped into large areas of 

electron-dense heterochromatin. Disintegrated muscle blocks, vacuolated 

tissue material, distorted subtegumental cytons and loss of cell organelles 

were some of the major damages seen. When cestodes were treated with 

the extract of 5. virosa and its fractions, the distal cytoplasm was 

perforated and no tegumental discs or mitochondria were visible. The 

cytoplasm was observed to stream down into the subtegument basal 

lamina in the form of thin laminar processes. The lamina itself had 

vacuoles which went down to penetrate and cause disintegration of the 

subtegumental cytons (making them hardly discernible) between the 

muscle blocks. Here too the degree of damages was noted to be dose 

dependent, 

c) Histochemical localization and biochemical analyses of tegumental 

enzymes: On treatment withy4. oxyphylla and S. virosa extracts, and PZQ, 

a decline in the levels of important tegumental enzymes, namely, 

adenosine triphosphatase, alkaline phosphatase and acid phosphatase was 

observed histochemically in various structures within the parasite. The 

same was confirmed with biochemical tests where a decline in the total 

and specific activities of these enzymes was observed. While control 
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worms showed the highest activity for ATPase followed by AlkPase and 

AcPase, the treated worms went on to show decrease in the activities of 

all the three enzymes. AcPase activity declined most (97%) in the 

parasites, as compared to ATPase (72%) and AlkPase (90%), when 

treated with A. oxyphylla. On treatment with S. virosa, AlkPase activity 

was noticed to decline most (96%), as compared to ATPase (91%) and 

AcPase (34.5%). 

d) Free amino acid pool: The free amino acid pool of the control and the 

treated worms was evaluated using mass spectrometry. Out of the 20 

amino acids detected, Gly was found to be at the maximum level, follov '̂ed 

by Ala, Ser, Pro, Val, Thr, Cys, Ile/Leu, Asn, Asp, Gln/Lys, Glu, Meth, His 

and Phe, respectively, in a decreasing order. Parasites treated with plan1 

extracts and reference drug showed a marked decrease in the levels of Meth, 

Ile/Leu, Phe, Asn Gly, and Tyr. A. oxyphylla-treated parasites showed ari 

increase in the level of Thr while S. virosa showed an increase of Ala, Pro, 

Cys, Thr and Trp. 

c) Trace elements studies: On exposure to the plants' extracts and PZQ, the 

parasites were seen to lose high amounts of calcium and magnesium ions into 

the treatment medium as compared to the control groups which retained high 

levels of the two elements. 

2. In vivo studies 

Each acclimatized adult rat was infected with 5 cysticercoids of H. 

diminuta and later treated with single doses (25 mg and 50 mg^g body 
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weight for A. oxyphylla, and 750 mg and 1500 mg/kg body weight for S. 

virosa) of the two plants' extracts and PZQ, for three days. A significant 

decline in the post treatment egg coimt was noticed in all the treatment 

groups when compared to the pre-treatment egg counts, except for the group 

treated with 750 mg of 5. virosa (16.8%-18.2% reduction only). On autopsy, 

50 mg A. oxyphylla and 1500 mg of 5. virosa treated groups showed 87% and 

83% decline in worm burden, respectively. PZQ reduced the worm recover)-

rate by 92%. However, 25 mg of A. oxyphylla and 750 mg of 5. virosa/kg 

dose brought down the worm burden by 80% and 40%, respectively. 

3. Active principles testing: 

a) Motility and mortality studies: The active component of A. oxyphylla was 

isolated from the crude extract of the plant and was identified to be 12-

amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 

(20), 3, 5, 18, 21, 23-hexaene-12-carboxylic acid. Virosecurinine, the 

active component of iS. virosa was obtained commercially. When R. 

echinobothrida was incubated in the active principles of the two plants, 

there was a decline in the motility of worms resulting eventually in their 

death, taking 5.75 ± O.lh and 8.9 ± 0.01 h for 12-amino-7, 17-dioxo-2-

oxa-8, 16-diazatricylo [14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-

hexaene-12-carboxylic acid and virosecurinine, respectively. 

b) Surface topography and ultrastructural studies: Scanning electron 

microscopy revealed total depletion of microtriches which fused together 

to form masses. Proglottides were noted to be super-contorted and 

145 



seemed to be breaking off from the main body at many places due to 

extreme shrinkage. The suckers in the scolex collapsed and retreated 

back, pushing the rostellum forward. Transmission electron microscopic 

observations showed that treatment with active compounds caused the 

tegument to strip off and the nuclei of subtegumental cytons to swell up 

severely. Mitochondria were found sparsely in the parasite body and were 

mostly acristate. 

c) Histochemical localization of tegumental enzymes: Histochemically, the 

control worms showed intense activity for all the three tegumental 

enzymes (ATPase, AlkPase and AcPase) while the treated worms 

portrayed a diminished or no activity of the enzymes in different 

structures of the body. 

The active principles (12-amino-7, 17-dioxo-2-oxa-8, 16-diazatricylo 

[14.2.2.2 3, 6] tetraicosa-1 (20), 3, 5, 18, 21, 23-hexaene-12-carboxylic 

acid and virosecurinine) present within the plants seem to bring about all 

the alterations noticed in the present study by acting transtegumentally 

and as the tegument of cestodes happens to be the main interface of 

nutrition, the resulting effect is the instant paralysis and ultimate death of 

the parasite. 
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apoptosis and necrosis. Cell Volume and Signalling. Volume 559. Springer 

US. 

Pearse AGE. 1968 "Histochemistry. Theoretical and Applied", Vol. 1, Little, Brown 

and Co., Boston. 

161 



Pessoa LM, Morals SM, Bevilaqua CM and Luciano JH. 2002. Anthelmintic activity 

of essential oil of Oclmum gratissimum Linn, and eugenol against 

Haemonchus contortus. Veterinary Parasitology, 109: 59-63. 

Plummer DT. 1988. An introduction to practical biochemistry. Tata McGraw-Hill 

PubHshing Company Ltd., New Delhi. 

Popiel I and Erasmus DA. 1984. Schistosoma mansoni: ultrastructure of adults from 

mice treated with oxamniquine. Experimental Parasitology, 58: 254-262. 

Pradhan KD, Thakur DK and Sudhan NA. 1992. Therapeutic efficacy of F 

granatum and C maxima against clinical cases of nematodiasis in calves. 

Indiaii Journal of Industrial Medicine, 9(1): 53-54. 

Praka .̂h V, Smghai KC and Gupta RR. 1980. Anthelmintic activity of Punica 

granatum and Artempsia sUvcrsicna. Indian Journal of Pharmacology, 12: 62-

65. 

Prichard RK. 19^4. Anthelmintic resistance. Veterinary' Parasitology, 54: 259-268. 

Ramanan MV. 1960. Butea frondosc seeds in roundworm infestation. Antiseptic, 57: 

927-928. 

Read CP. 1966. Nutrition of intestinal hehnintlies. In EJR Soulsby (ed.), Biology uf 

Parasites. Academic Press, Nevv York. 

Read CP, Simmons JE aiid Rothman AH. 1960. Permeation and membrane transport 

in animal parasites: amino acid permeation into tapeworms from 

elasmobranchs. Journal of Parasitology, 46: 33-41. 

Reynolds ES. 1963. The use of le-̂ d citiate at high pH as an electron-opaque stain for 

electron microsccp>. Journal of Cell Biology, 17: 208. 

162 



Riad NHA, Taha HA and Mahmoud YI. 2009. Effects of garlic on albino mice 

experimentally infected with Schiswsuma mansoni: A parasitological and 

ultrastructural study. Tropical Biomedicine, 26 (1): 40-50. 

Robbins B. 1930. A proteolytic enzyme in ficin. the anthelmintic principle of leche 

de higueron. Journal of Biological Chemistry, 87: 251-257. 

Robbins SL and Angell M. 1976. Basic Pathology. 2nd edition. W.B. Saunders 

Company. London. 

Roberts LS. 1983. Carbohydrate metabolism. In biology of the Eucestoda, Vol. 2, C. 

Arme and P. W. Pappas (eds.). Academic Press, London. 

Rothman AH. 1966. Ultrastructural studies of enzyme activity in the cestode cuticle. 

Experimicntal Parasitology, 19: 332-338. 

Roy B. 2001. Stereoscan observation on the surface alteration of Orthocoelium 

dinniki induced by extract of Spilenthes oleracea L. Rivista di Parassitologia, 

18:9-14. 

Roy B. 2003. Anthelmintic activity of Artemesia meritima against 

Artyfechinostomum sufrartyfex, a zoonotic parasite in North-east India. Rivista 

di Parassitologia, 20:143-148. 

Roy B and Dutta BK. 2003. In vitro lethal efficacy of leaf extract of Cannabis saliva 

on tine larvae of Chironomous samoensis. Indian .lournal of Experimental 

Biology, 41: 1338-1341. 

Roy B and Swargiary A. 2009. Anthelmintic efficacy of ethanolic shoot extract of 

Alpinio nigra on tegumental enzymes of Fasciolopsis buski, a giant intestinal 

parasite. Journal of Parasitic Diseases. 33 (1-2): 48-53. 

163 



Roy B and Tandon V. 1990. On a new trematode belonging to the genus 

Velasquezotrema eduardo at Javellene, 1987 from Tripiura, India. Zoologischer 

Anzeiger, 224: 106-112. 

Roy B and Tandon V. 1991. Usefulness of tetrametliylsilane in the preparation of 

helminth parasites for scanning electron microscopy, Rivista di Parassitologia, 

8:405-413. 

Roy B and Tandon V. 1992. Surface fine topography of four paramphistomid 

trematodes parasitizing sheep. Rivista di Parassitologia, 9 (13): 107-117. 

Roy B and Tandon V. 1993. Morphological and microtopographicaJ strain variations 

among Fasciolopsis buski originating from different geographical areas. Acta 

Parasitologica Palonica, 38 (2); 72-77. 

Roy B and Tandon V. 1996. Effect of root tuber extract of FJemingia vestita, a 

leguminous plant, on Arfyjechinostomum svfrartyfex and Fasciolopsis buski: A 

scanning electron microscopy study. Parasitology Research, 82: 248-252. 

Roy B and Tandon V. 1997. Jn vitro flukicidal effect of Cannabis sativa Linn, on the 

trematode Fasciolopsis bvski. Indian Journal of Experimental Biology, 35 (1): 

80-82. 

Roy B and Tandon V. 1999. Flukicidal activity of AIpinia nigra (Zingerberaceae) 

against the trematode, Fasciolopsis buski, in humans. Biomedical Letters, 60: 

23-29. 

Roy B, Chhandama KL and Dutta BK. 2007 a. Anticestocidal efficacy of Acacia 

oxyphylla on Raillietina echinobothrida: A light and electron microscopic 

study. Pharmacologyonline, 1: 279-287. 

164 



Roy B, Chhandama KL and Dutta BK. 2007 b. Scanning electron microscopic 

observations on the in vitro anthelmintic effects of Millettia pachycurpa on 

Raillietina echinobothrida. Pharmacognosy Magazine, A: 20-26. 

Roy B, Dasgupta S and Tandon V. 2008. Ultrastructural observations on tegumental 

surface of Raillietina echinobothrida and its alterations caused by roo'i-peel 

extract cf Millettia pachycarpa. Microscopy Research and Technique, 71: 810-

815. 

Roy B, Dasgupta S and Tandon V. 2009. Ultrastructirxal observations on 

Fasciolopsis buski oj^d its alterations caused by shoot extract of Alpinia nigra. 

Microscopy Research and Technique, 72: 61-66. 

Satyanarayanrao V and Krishnaiah KS. 1982. Note on comparative efficacy of some 

indigenous anthelmintics against A. galli infection in chicks. ladian Journal of 

Animal Sciences, 52: 485-486. 

Shaik SA. Terrill TH, Miller JE, Kouakou B, Kanjian G, Kallu RK and Mosjidis JA. 

2004. Effects of feeding Sericea lespedeza hay to goats infected with 

Haemonchus contortus. South African" Journal of Animal Science, 34: 248-

250. 

Shaohong L, Kumagai T, Qinghua A, Xiaclan Y, Ohmae H, Yabu Y, Siwen L. 

Liyon W, Maruyama K and Ohta N. 2006. Evaluation of the anthelmintic 

effects of artesunate ag.iinst experimental Schistosoma mansoni infection in 

mice using different treatment protocols. Parasitology International, 55: 63-68. 

Shanna LK. 1993. Anthelmintic efficacy of Jantana capsules in crossbred cattle. 

Indian Veterinary Journal, 70: 459-460. 

i65 



Shaw K-IK and Erasmus DA. 1983. Schistosoma mar.soni: The effects of a 

subcurative dose of praziquantel on the ultrastructure of worms in vivo. 

Zeitschrift fur Parasilenkimde, 69: 73-90. 

Shaw MK and Erasmus DA. 1987. Biomphalaria glabrata: changes in calf̂ ium 

reserves following parasitism by lar\'al Schistosoma mansoni. Parasitology, 95: 

267-276. 

Shaw MK. 1990. Schistosoma mansoni: Stage-dependent damage after in vivo 

treatment with praziquantel. Parasitology, 100: 65-72. 

Simmons JE. 1969. Composition of the amino acid pools of some cestodes of 

elasmobranch fishes of the woods hole area. Experimental Parasitology, 26 (3): 

264-271. 

Singh MP, Kumar M and Ahmad ,AH. 2004. Efficacy of some ethnomedicmal plants 

against Haemonchus contortus. Indian Journal of Veterinary Medicine, 24 

(l):l-4. 

Singh S, Ansari NA, Srivastava MC, Sharma MK and Singh Si>J. 1985. Anthelmintic 

activity of Vernonia anthelmintica. Indian Drugs, 22 (10): 508-511. 

Skotarczak B. 1987. Histochemical studies on eggs of Ascms suum. during 

embryogenesis. I. Phosphatases, Wiadomo^ci parazytologiczne, 33: 681-685. 

Smyth JD. 1996. Aaiimal parasitology. Cambridge: Cambridge University Press, 

Cambriage Low Price Editions. 

Sokerya S and Preston TR. 2003. Effect of grass or cassava foliage on growth and 

nematode parasite infestation in gopts fed low or high protein diets in 

confinement. Livescock Research for Rural Development, 15 (8). 

166 



Sonaiya EB. 1990. The context and prospects for development of smallholder rural 

poultry production in Africa. CTA- Seminar Proceedings on Smallholder Rural 

Poultry Production. Thessaloniki, Greece, 2:108-141. 

Soulsby EJL. 1986. Helminths, Arthropods and Protozoa of domesticated animals. 

7th ed. London: Bailliere & Tindali. 

Scutter AM, Walkey M and Arme C. 1980. Amino acids in the plerocercoid of 

I.igvJa wtestinalis (Cestoda: Pseudophyllidea) and its fish host Rutilus rutilus. 

Zeitschrift fur Parasitenkunde. 63: 151-158. 

Srivastava MC and Singh S\\'. 1967. Anthelmintic activity of Cucurbita maxima 

(kadJu) seeds. Indian JO'.irnai of Medical Research, 55 (6): 629-632. 

Staudt U, Schmahl G, Biaschke G and Mehlho,m H. 1992. Light and scaiiTiing 

electron microscopy studies on the effects of the enantiomers of praziqi^anttl 

and its main metabolite on Schistosoma mansoni -n vitro. Parasitology 

Research, 78 (5). 392-397. 

Stepek G, Lowe A£, Buttle DJ, Duce IR and Bchnke JM. 2007. /»? vitro anthelmintic 

effects of cysteine proteinases from plants against intestinal helminths of 

rodents. Journal of Hclminthology, 81: 353-360. 

Steinegger E and Hansel R. 1972. Lehrbuch der Pharmacognosie (Textbook of 

phariiiacognosy). Springer Vtrlag, Berlin. 

Stringer JM, Kainder P_A and Tu AT. 1971. Ultrastructural sradies of myonecrosis 

induced by cobra venom in mice. Toxicology and Applied Pharmacology, 18: 

442-450. 

Subapriya R and Nagmi S. 2005. Medicinal properties of neem leaves: a review. 

Current Medical Chemical-Anti-cancer Agents, 5: 149-156. 

157 



Sukul NC, Ghosh S and Sinhababu RP. 200.5. Reduction in the number (.1" inlcctivc 

Trichinella spiralis iarvac in mice by use oi' homeopathic driig.s. i'or.sch 

Komplementarrned Klass Naturheilkd, 12 (4): 202-205. 

Stoitsova SR, Gorchilova LN and Danek J. 1992. Effects of three anthelmintics on 

'\ht iegumexiX oiHymenolepis fraterna {CKiiodsi). Parasitology, 104; 143-:52. 

Szewczuk VD, Mongelli ER and Fomilio AB. 2003. Nematicida! activit> of Melia 

ozedarach growing in Argentina. Mclecular Medicinal Chemisiry, 1 (1): 54-

58. 

Szewczuk VD, Mongelli £R and Poniilio AB. 2006. In vitro anthelmintic activity of 

Melia azedorach naluralized in Argentina. Phytotherapy rssearch, 20 (11): 

993-996. 

Tagboto S and Townson S. 2001. Antipaiasitic properties of medicinal plants and 

other naturally occurring products. Advances in Parasitology, 50: 199-295. 

Taha HA. 2007. Ultrastructural alterations in the tegument of adult male 

Schistosoma mansoni caused by a new rhodanine derivative (Ro-354). The 

Egyptian Journal of Zoology, 48: 371-386. 

Taha HA and Soliman MI. 2007. Antischistosomal activity of 3- substituted-5-(2-

aryl-2-oxoetliyl)-2, 4- dioxo-1, 3-thiazolidipe (Ro-354). The Iniernalional 

Journal of Agriculture and Biology, 9: 87-93. 

Takamiya S, Furushima R and Oya H. 1984. Electron transfer complexes oi Ascaris 

suiim muscle mitochondria. I. Characterization of NADH-cytochrome <: 

reductase (complex I-III), with special icference to cytochrome localization. 

Molecular and r.iochcmical Parasitology. !3: 121-134. 

16e 



Takeuchi I and Tanoue M. 1951. On the specificity of a histocheniical demonsiration 

of acid phosphatase and a new "Ammonia-Silver Method". Kumamoto 

Medical Journal, 4:41. 

Tandon V and Roy B. 2002. SEM pictorial guide to trematodes of livestock in India. 

Regency Publication, New Delhi. 

Tandon V, Pal P, Roy B, Rao HSP and Reddy KS. 1997. In vilro anthelmintic 

activity of root-tuber extract of Flcmingia vestita, an indigenous plant in 

Shillong, India. Parasitology Research, 83: 492-498. 

Tangpu V, Temjenmongla and Yadav AK. 2004. Anticestodal activity of Trifolium 

repans extract. Pharmaceutical Biology, 42 (8): 656-658. 

Tangpu V, Temjenmongla and Yadav AK. 2006. Anticestodal property of 

Strobilanthes discolor, an experimental study in Hymenolepis diminuta-rat 

model. Journal of Eihnophamiacology, 105 (3); 459-463. 

Taylor S and Berridge V. 2006. Medicinal plants and malaria: an historical case 

study of research at the London School of Hygiene and Tropical Medicine in 

the t-vventieth century. Transactions of the Royal Society of Tropical Medicine 

and Hygiene, 100: 707-714. 

Temjeamcngla and Yadav AK. 2005. Aniicestodal efficacy of folklore medicinal 

plants of Naga tribes in nonh-east India. African Journal of Traditional, 

C .̂omjilementai-y and AJiTrnative Medicines, 2: 129-133. 

Tem^jenmongia, Tangpu V and Yadav AK. 20(J6. Anticestodal efficacy of Psidium 

guaja^>a against experiineiital Hymenolepis diminuta infection in rats. Indian 

Journal of Pharmacology, 38 (1): 29-32. 

159 



Tetas M. and Lov/enstein J. 1963. ITie effect of bivalent metal ions on the hydrolysis 

of adenosine di- and triphosphates. Biochemistry, 2: 350-357. 

Thompson RCA, Houghton A and Zaman V. 1982. A study of the microtriches of 

adult Echinococcus granulosus by scanning electron microscopy. International 

Journal for Parasitology, 12: 579-583. 

Toner E, Brennan GP, Welis K, Mcgeovm JG and Fairweather I. 2008. Physiological 

and morphological effects of genistein against the liver fluke, Fasciola 

hepatica. Varasitology. 135 (10): 1189-1203. 

van Wyk J A, Hoste H, Kaplan RM, 13esier RB. 2006. Targeted selective treatment 

for worm management—how do we sell rational programs to farmers? 

Veterinary Parasitology, 139 (4j: 336-346. 

Vishnyauskas A, Sharplauskas I, Matusyavichyus A, Sebel'din A, Glukhcv S, 

Lazdinis G and Pyatroni's S 1993. Directed screening of anthelmirtic 

preparations. Biologija, 1: 94-95. 

Voge M and Bueding E 1980. Schistosoma mansoni: Tegumental surface alterations 

induced by subcurative doses of the schistosomicide amoscanate. Experimental 

Parasitology, 50:251-259. 

Wabo PJ, Mbida M and Bilong BCF. ^009. In vivo evaluation of potential 

nematicidal properties of ethanol extract of Canthivm mar-nji (Riib'acerie) on 

Heligmosomoides poly^^rus parasite of rodents. Veterinary Parasitology, \^6: 

103-107. 

Wack M, Komuniecki R and Roberts LS. 1983. Amino acid metabolism in the 

tapeworm Hymenolepis dimlniita. Comparative Biochemical Physiology, 74: 

399-402. 

170 



Waller PJ. 1997. Anthelmintic resistance. Veterinary Parasitology, '^2: 391-405. 

Waller PJ. 2006. From discovery to development: current industry perspectives for 

the development of novel methods of helminth control in livestock. Veterinary 

Parasitology, 139: 1-14. 

Waller PJ, Bernes G, Thamsborg SM. Suicvra A, Richter SH, Ingebrigtsen K and 

Hoghmd J. 2001. Plants as de-womiing agents of livestock in the nordic 

countries: historical perspective, popular beliefs and prospects for the future. 

Acta Veterinaria Scandinavica, 42 (1): 31-44. 

Webb RA. 1986. The uptake and metabolism of L-glutamate by tissue slices of the 

cestode Hymenolepis diminvta. Comparative Biochemical Physiology, 85: 

151-162. 

WHO. 1-999. Repon of the WHO informal consultation on schistosomiasis control. 

World Health Organization, Geneva. WHO/CDS/ CPC/SIP/99.2. 

WHO. 2009. WHO model list of essential medicines, 16"" edition (March 2009). 

World Health Organization. 

Wurtz A and Buuchut E. 1879. Sur 'e feiment digesdf da Carica papaya. Comples 

Rendus de I'Academie des Sciences Paris, 89: 425-428. 

Xiao SH, Booth M and Tanner M. 2000 a. The prophylactic effect of artemether 

against Schistosoma japonicum. Parasitology Today, 16: 122-126. 

Xiao SK, Choiiet J, Weiss NA, Bergquist RN and Tanner M. 2000 b. Preventive 

effect of artemether in experimental animals infected with Schistosoma 

mansoni. Parasitology International, 49: i?-24. 

171 



Xiao SH, Shen BG, Chollet J and Tanner M. 2000 c. Tegumental changes in 21-day-

old Sch'stusoma mansoni harboured in mice treated with artemether. Acta 

Tropica, 75:341-348. 

Xiao SH, Shen BG, Utzinger J, Chollet J, Tanner M. 2002. Transmission electron 

microscopic observations on ultrastructural damage in juveniie Schistosoma 

mansoni caused by artemether. Acta Tropica, 81: 53-61. 

Yadav AK, Taiidon V and Rao H3P. 1992. In vitro anthelmintic activity of fresh 

Ixiber extract of Flcmingia vestita against Ascaris swum. Fitoterapia. 63: 395-

398. 

172 



rTIRRICIJLUM VITAE 

NAME: 
DATE OF BIRTH: 
PERMANENT ADDRESS: 

Email: shv.dasgupta@Rmail.com 

SHYAMASHREE DASGUPTA 
16-06-81 
SHRI RAM KUTHI, BARASAT, 
PO: NABAPALLY, 
KOLKATA-126. 

EDUCATIONAL QUALIFICATION: 

M. Sc. in Zoology from Calcutta University-2004 (I '̂ class) 

B. Sc. in Zoology with Physiology and Botany from Calcutta University-2002 (l" 
class) 

AISSCE (+2) from CBSE, Uttar Pradesh (1999) (f' Division) 

AISCE from CBSE, Uttar Pradesh (1997) ( f Division) 

Field and laboratory work experience: 

• Have successfully completed a Ministry of Environment and Forests 
(Government of India) sponsored three-year project entitled "Anthelmintic 
activity of some traditional medicinal plants in Mizoram" in 2008. 

Papers presented: 

• UPE-Biosciences Seminar on Assessment, Conservation and Value 
Addition of Biodiversity: In vitro and in vivo cestocidal efficacy of Acacia 
oxyphylla (Leguminosae). Organized by School of Life Sciences, North-
Eastem Hill University (22-23 April, 2010). 

• 20* National Congress of Parasitology: Structural and functional 
characteristics of Raillietina echinobothrida tegument after treatment with 
Acacia oxyphylla (Leguminosae). Organized by North-Eastem Hill 
University and Indian Society of Parasitology (3-5 November, 2008). 

• Regional symposium on "Current research thrust in animal sciences; 
Interface with end use researchers and stake holders" held at Department 

mailto:shv.dasgupta@Rmail.com


of Zoology, North-Eastem Hill University, Shillong: Comparative analyses 
of the anthelmintic efficacy of Millettia pachycarpa and Acacia oxyphylla: 
two traditionally used medicinal plants of Mizoram (March 15-16, 2007). 

• is"" National Congress of Parasitology: Ultrastructural alterations of the 
tegument oi Raillietina echinobothrida treated with the stem bark oi Acacia 
oxyphylla (Leguminosae). Organised by Indian Institute of Chemical Biology 
and Indian Society of Parasitology (22-24 November, 2006). 

Peer-reviewed publications: 

• Dasgupta S and Roy B. (2010). Antiparasitic activity of methanolic 
extract o{Acacia oxyphylla (Leguminosae) against Raillietina 
echinobothrida. Journal of Parasitic Diseases (Accepted, May 2010). 

• Dasgupta S, Roy B and Tandon V. (2010). Ultrastructural alterations of 
the tegument of Raillietina echinobothrida treated with the stem bark of 
Acacia oxyphylla (Leguminosae). Journal of Ethnopharmacology. 127 
(2): 568-571. 

• 

• 

Roy B, Dasgupta S and Tandon V. (2009). Ultrastructural observations 
on Fasciolopsis buski and its alterations caused by shoot extract of 
Alpinia nigra. Microscopy Research and Technique. 72 (2): 60-66. 

Roy B, Dasgupta S and Tandon V. (2008). Ultrastructural observations 
on tegumental surface of Raillietina echinobothrida and its alterations 
caused by root-peel extract of Millettia pachycarpa. Microscopy 
Research and Technique. 71 (11): 810-815. 

• Roy B, Dasgupta S and Giri BR. (2010). Electron microscopic 
observations on the alterations of tegumental surface of Raillietina 
echinobothrida treated with root-peel extract of Potentilla fulgens. 
Microscopy Research and Technique (Communicated). 

• Dasgupta S and Roy B. (2010). Anthelmintic efficacy of Securinega 
virosa on Raillietina echinobothrida and Hymenolepis diminuta. 
Veterinary Parasitology (Communicated). 

• Dasgupta S, Roy B and Manivel V. (2010). Raillietina echinobothrida: an 

investigation on functional characteristics after treatment with Acacia 



oxyphylla and Securinega virosa. International Journal for Parasitology 

(Communicated). 

Dasgupta S, Roy B, Manivel V and Parameswaran PS. (2010). Surface 

topographical and ultrastructural alterations induced by compound isolated 

from Acacia oxyphylla. Journal of Ethnopharmacology (Communicated). 



Icucn;! of EChixfitarmaxlog^ I27<3DI0)S53-S7 1 

Q^EVIER 
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Ultrastructurai alterations of the tegument of Rail/ienriQ echinobothrida treated 
with the stem bark of Acaria oxyphylla (Leguminosae) 
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tihnopttawacohigKdf rrlenmcr 'Die stem bjrk of Acocio oxyph'yflo Grataw rx ButxQam is used At m 
anthsjminlic bffthc oatnes of Mizoiain (?>brth-£ist tndu} 
Aaai 0^ jftc stsdy The present study was pe-jfcrtned to evaluate whether or rwt the plaru-denwed com po. 
nenri caused my uj iraslructural ehan^es Jw the teguments) tnterface of the porjsSts-
MorcTub >xn(f jiiethckis The isst parasite £a£7reunfl echoioioefirafa. the cestode cf domestic fowl was 
exposed to the ethandi; crude extract and acetone f racttcm of stem bark cf Acocio taj^ffryfe for rarylng 
oortcentratiens ar>dttraie duraticn and processed fortransmissionelectron microscop^as-soon as paralysis 
setin the-treated parasites 
Rctu&j Trealment with crude alcc^»llc extrart and Its acetcne fractbn revealed complete inacOTaticn 
andflacctd paralyslsoftlie c»todt which yrxs soon followed by death The treated pajaiitrs alsoexhi bited 
intense vaiuotcatlon of the tegumental laTcrs along with ccimplete dtsorganiaaticn andjior erorion of 
ralcrotriches, 
Ccftcftwroas Gsnfkderable structural aJteratoru in ths treated parasites are sugjesnve of an efficient 
wermiadaJ activity of the ACOCJT or>^>U2 st&m bj-ft-denred botjraals 2$^tnst cestoda. 
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1 Introdoction 

AcDcto spp (Family Legumlnosacjarc purported to be cffccthrcas 
anthelmintic aatl-tactcrtal and antifungal agents Thomost phar­
macologically active components of the plants of this genus are the 
condensed tannins tCTs) a dass of phcnollt sccondaiy metabo­
lites that art relathrety stable in the digestive tracts of animals 
and rarely have tone effects (HailjisclaL,20or7XCTsvirftbpfwcn 
anthelnUntlc activity have been reported from sewetal sipcdes of 
AcDCfa viz Acocio nieomsff,AcDC<flnffot(caand AttaOakiTootCcaiti 
ct al. 2007, Kahlya ct al, 2003 \ and are known to Inhibit cndtgis-
nous enzyme activities (tqbaJctiJ 2002 Wangct al_ 19e6Hhc 
aqueous concKtion of the stem barkof ACQCSJ oQ'pJijf (B is used to 
control gastrolntcstlnalworm Infection bythepcople InNorth-Easl 
India, part icula riy by the natives of the state of M tora m Txiy ct aJ 
(2007) have rEccntly ghrcn sdcnrlfic credence to theplant by prov­
ing Its a n tiocstodal activity tfirough scanning clectran mlcnDscopy 
Severe croslonofrhctegumcntalong with distortion of suet crs was 
observed In the model ccstode parasite BaSattfna ecfifmAcrfirido 
after treatment with the ettanoUc extract cf the plant m respect of 
ccstode paiasltcs (tapeworms) that lack a conventional digestive 

' CCnrrspeamnc auttmr lei - ^ 9e« ̂ 22331 fas -41 3B« issoaoD 
£-itatfaiO-«s Ustmuro^MZCieiJimnalljciimiB Roŷ  
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systcra the body surface or the tegument scnrcs as an important 
interface between the parasite and the mlcroenviionmEnt of the 
host in vlĉ v of this, the present study was taken up to further val­
idate the anthelmintic cfBcacy of the pbm by ascertaJnUig if the 
plaait-dcrlvcd components caused any aJtciatlons in the tc>gumen-
tal archltcctUTe of the parasite at the sulvcellular level 

2. Atatrrials aod mctitodi 

D FfepEmtton qfexlracti 

The fresh stem hark of Acncta ox)ph} Ba (voucher numtcr 
PUC-BC>T-A012. deposited at Dcpaitmem of Botany. Pachhunga 
UnlvtrsityCollt^MlioramUntvErslty) was collected fromAtawl 
MJzoraja The crude cthaool extract and Its acetone fraction were 
made following standard protocol as d(scr&ed elsewhere (Roy ct 
al,2C08) mall lOgcrudecthanolexnaawasobtainedfrom lOOg 
d ricd material which gave aboiil 0^ g of acetone fraction Both the 
extract and the acetone fraction were stored at 4 »C until further 
use 

2J Tteatmsm 

Adult HaffBfftno Hfenotiotftrfda, collected (rom the tatesane 
of freshly sactlSced domestic fijwt, were used as the modd test 
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parasite. Tlic: lire vrorms were treated In vara with vailous con-
CEDtratlons (5,10 and; 2SmaTmi phystologlcail buffered saline, PBS) 
of the cUianol extract; and acetone ftactlon of ttie stem bark, and 
CU)landO,OCJ1 mgprazlqijantc1(PZQ,t:hebroad-spcctrum;rcference 
dmgjnit PBS of as <)esccl-bc!d earlier (Roy ct al„ 2008) along *rtth 
slmaltaieous inalntcnancc of controls In PBS with D.lK dlmettiyl-
sulphoilde(DMSO). 

23. EkarunnOTOscopy 

On exposure to iDingfrnl of the plant extiacts^ paralyses In 
worms was observed to ensue wltMoa time span that was coirt-
parabie wttfc the paralysis tbnlngs of worms ticatfid with PZQ, 
Thus, tils concentration was scicacd to carry on fuifhcr ultra-
structura] studies on the parasiite. The mature proglott Jd.es of die 
control and treated paTas:ttes were fixed in xiodlBed KamcnnJys 
ftxatlve,.followed by post-fiiation in 2* OsO^ buffered In O^M 
sodium cacodylate as per the standard procedure (Roy et aL 2t3i59). 
Thcutaa-thmscctJans were viewed inaJIM lOOCXtl (/EDI) trans­
mission electron microscope operated at so tv . 

2.4. Dcra andysli 

Unpaired Studtaifs t-tests were pcribrrocd a.id data are 
expressed as the mean i SE,M,. of multiple cipcnmcnts. \'alues of 
p< O.OS were:considered statistically significant 

J. BMUltS 

On exposure to the \'3,rlous concEntrations of the p lam extract, 
the tapeworms showTsd an onset of paralytic state: the titn;: 

required for the parasites to attain paralysis has been detailed in 
Tabb 1. While treatment with 25 tngTml concentraMon of the crude 
alcoholic extract Induced toss of mottlity and consequent paraly­
sis In 1,93 h. the 5 and JOrng/ml doses took about 4,93 and 3.Sh, 
respectively. Indicatlnga dose-d cpcnticnt effect of the plant raate-
rlai; in comparison, the OOOi mgfml dose of the reference drug 
caused paralysis to set in after 3 h post-Incubation. The observa­
tions indicate slgntficant difference (at p^QOS) between Acocto 
at.)ph}'l!B-tTca.ted group andl the control group. 

The control worms revealed typical ccstodc ulttastaictuie 
with respoa to the tegument and Inner parenchyma. The outer 
pbsma membrane of the control worms has abundant mlcrotrltiies 
covered With a fuzzy glycocajyx coat The distal cytoplasm Is 
electron-dense v/lth Its secretory bodies and has an abundance of 
granularehdoplasmlcreticulumand other cell arganclles Includ­
ing rrutochondria wjth prominent cristae. The basal lamina and 
the subtcsumenta.1 muscles are well organized (Fig. 11 in worms 
treated with the crude stem bart extract of^tarti caiphytla. dsgsn-
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erative changes were notloablc In the tegHJnenta 1 ultrastiucturc; 
the tegument appeared as stripped right down to the basal lam­
ina and the remnants of the basaJ Infolds left behtad were highly 
swollen (fig. 2). The degeneration caused by tJie acetone fraction 
of the stem barl was more pronounced than that due to the alco­
holic extract. The tegulmentappeared to be completely sloughed off 
leaving an exposed basal lamtra that was only present In remnants 
and there VJQS release of underlying stiucturra to the outside at 
the Jjasal lamina (Fig 31 The circular mnsde layer s:hoivcd intense 

degradation ana was loosely stacked up with loss m continuity; 
tnitochondila were seen to disappear from the apical zone and 
those encountered wta'c devoid of cristae. There was very litdc 
aimount of granular endoplasmic reticulum (GER) remaining with 
no cvld:ence of Golgi complexes. Worms treated wttli PZQ also 

Contra! wonm ttuvfrtM rnr 72 ±OXB n a tut IrcutatUo meotum. j>« 0O.5 « 
ccntrol wiut. Stoitofi r-testValues are ntean^SLIvt. 

F^' :z. Tegument orXiinMChanrft̂ cOKTvtinL ScAppBi<ft btffnosat finsMMaai) 
orparuUetrexed wIttiaretcnerjArtiDnitiowiQgtntenstdegudallonoruiqsttuai-
nali and circular muidc Laycn tMc)u tceakin^ up of tegumeollalcellf (arrows!i 
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Fig. 3 Tygjimem oT fiiAikrftii] wAatcDctfrftia Qban:iir eMraa-tie^td pgnsitE 
tegumux h afkstlgbsd oir down Co tbf loner ptisms mcmbranr wbldi flumrs a 
swriltAg In tu basal InfdUs (aircmbeals) Also scni p ixs oroi^nitzAlon In tiie 
nzrle tuoris ̂ CbJck ainwsl ajii} alraU nf gl^m^n dfputlon srf^ng Iji rniio cue 
ilde to UiddF n&in anow^ 

showed major damage to the tc^mcnt with the mdcrothrix 'aycr 
damaged at many places and the nrnscb stacks showing dî gcner-
atioo(ngil)The mltoehondrla showed either a loss or a complete 
bckof crtstaealtcgcrhcr An overall Increase tn elcaron luosaicy of 
the background and vacuole formation was observed for a|] treat 
ment casxs. 

The tegumental syncytium of control worms is well con­
nected with tJie saUcgtimcaitaJ cytons through cytoplasmic bridges 
and tfic imdcl }D tJicse cytnns reveal prominent nudcar mem 
brancs and dense nucleoli while the nucbi cnoiuntercd m the 
pbnt extract-treated parasites were electron lucent due to loss 
of nucleoplasm, and the nucleoli were diffused In appearance. 
The parenchymal cytons of the acetone fraction-treated para­
site showed complete loss of connections w'tih the surrounding 
parenchyma and the chromatin in the nucleus appeared dumped 
into lar^t areas of efcctron-dcnsc hctcnDChromaria However the 

i£i'i.£mn-s. 

Fig 4 Tifumtxtali<aaieaaKnixtitt,1jai OcillttKinartt;um£m(aiTaMtiEalx| 
and InKQSE tiii of^lycs^n lacrowiji ^iisn OS^m 

effect of PZQon fhp subtegumcntal icglon was mostly limited to 
vacuolization of the tytons aiuJ the surrounding parenchyma 

4. OEsoission 

The prBscmt study showed a dose-dcpcndEnt efficacy of the 
crude plant citract as an Increase In the concentration of the test 
material caused more pronounced destructive tffect on the tegu­
mental sui6 OE of t!ic parasite as also observed earlierby Roy et al 
(2007) Compared to the cthanol ertraot. ircatment with the ice-
totne fraction showed more severe deleterious eScctcvenln lower 
concentration 

Following tn MCro Incuhatlon with various concenlratlons of tbe 
crude eajactofjlmdUai^yAyKa «3lS!ffWnfl*Jfli*ctfcrtdoshowed 
severe tegumental damage, Tihe basal bmlna of tiic tegument Is 
qjcculatcd to function as iJic site fcractlve mltodiondrial biogea-
esls (Smyth, )995i A progressive disappearance of mitochondria 
and eras inn of t!ie fesal lamina caiscnuent to the «posure to the 
test materials as observed hi the present study are Indicatlvi! of 
their <1 crogptory effect on tbepaiasltc. Some of the rcsponsES seen, 
Ute stripping of tegument, inCTtase In cleotron lucency of the raito-
chondriaandsunxpundlngparenchyma are typical of a gcnctallzed 
stress icsponscand have been dcsoibcd In oSierhetaUnthcs under 
drag Insult as vrclUBuchana-netal 2003 ONolllctal„2009). 

In the E<itreatDd parasites also most of tliedamage Induced 
VBs tegumental the subtegumcntal degeneration was on a much 
lesser scale than ttic pbnt extract-treated ones The ultiastructural 
Liiaii^us Mjuil ta ukiiip4ljj^ urubuufatUli iin\j iWi^uuliuiiijiUlj, d 
decrease in the amount of Mil and dlsappcatanct; of Colgi com­
plexes are indJcatfve of protdn synthesis Inblbitlan (Stitt and 
Fairweathcr I996)i Changes observed In mitochondria may have 
an Impaa on energy production also (McConvtlle et al 2O08) 
Eotantcals lite artcmlslnlns arc Icncnvn to cause a oollapse of the 
membrancpotentlal ofmitoiJhondrla Icadirg'totheir swelling and 
inhibition of electron transfer and ondativc phosphorylation (Li 
etaj 20Q5 V\'alcabaya5h1andH-artow5ki>2001) The degenerative 
changes observed in the mitochondria as well as their disappear­
ance from the parasite tissue nroy lead to a faster approach in the 
parasitctowards para lysis and death 

ThcArocto ox}Tity!la ejaractcausedsirellingofthe basal infolds 
and Intense vacuolization of the tcgurrcnt as observed herein. The 
swelling of the basal infolds could have an osmotic basis due 
to impairment of energy-dependent ion pumps (Anderson and 
Falnvcather 199S Mcancy et al 2C04) Further \Bcuoll2atlon 
of the tegument ha s been known to be Induced by a triggCT-
Ing of Qldom Ion flux; for example by anthelmintics lite PZQ 
(Jlraungkoorskulctal 2006] 

S CODClOStOO 

StTuotuial alterations and deformity in the tegumental Interface 
of the parasite sii bscquent to the exposure to the test plant extract 
and fractionlndlcatetovsaidst "icvcrmUSdalpotcntlal ofAcorto aiy-
pftiOa To ascertain whiGi components of the test ptert matertal 
arc causbigthc aforementioned tegmental destruction, and what 
is the cacad mod e of action, furthcrstudles Invohrtt̂ g tdenflfi cation 
andtcstlngoftbeplantactivrpnnclplcsls reoo) red 
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