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ABSTRACT 

The present work incorporates a study on the anthelmintic efficacy of Flemingia 

vestita Benth and Hooker (Family Fabaceae), a leguminous plant, the tuberous roots of 

which have a usage as vermifuge or vermicide in the indigenous traditional system of 

medicine in Meghalaya (Northeast India). In earlier studies, the root tuber peel extract of 

this plant and its major active component, genistein, were shown to cause flaccid 

paralysis and to be acting transtegumentally in trematode and cestode parasite. With a 

view to investing further the mode of action of these putatively anthelmintic 

phytochemicals, the crude-peel extract of F. vestita, genistein and the reference drug 

PZQ were tested m vitro agauist the cestode, Raillietina echinobothrida, in respect to the 

carbohydrate metabolism, the major energy yieldmg pathway in hehmuth parasites. 

Alterations in: 

• glycogen level; 

* activities of glycogen phosphorylase (GPase) and glycogen synthase 

(GSase), both active and total; 

• physiological levels of some metabolites - glucose, lactate, pyruvate, 

malate and alanine; 

• activities of some regulatory glycolytic enzymes - hexokinase (HK), 

phosphofructokinase (PFK), pyruvate kinase (PK), phosphoenolpyruvate 
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carboxykinase (PEPCK), lactate dehydrogenase (LDH), malate 

dehydrogenase (MDH) and malic enzyme (ME); 

* activities of glucose 6-phosphate dehydrogenase (G6PDH), pyruvate 

carboxylase (PC) and fructose 1,6-bisphosphatase (FBPase) and 

• physiological levels of some trace elements and changes in Câ ^ 

concentration, in particular 

in treated parasites in comparison to controls form the parameters of this study. Standard 

techniques were used for biochemical assays and histochemical demonstrations of the 

mentioned parameters. 

1. R. echinobothrida were collected in 0.9% PBS (pH 7.2) from freshly slaughtered 

domestic fowl and incubated at 39 ± 1 °C with defined concentration of crude-peel 

extract (5 mg/ml), genistein (0.2 mg/ml) and PZQ (1 ng/ml) with simultaneous 

maintenance of controls till the onset of paralysis. Control parasites survived upto 

72 h, whereas in the treated parasites paralysis set in about 5.9 h, 6.7 h and 2.9 h in 

case of crude root peel extract, genistein and PZQ, respectively. The treated 

parasites and controls were taken for various experiments. 

2. After exposure to the plant crude-peel extract of F. vestita and genistein, the 

glycogen concentration was foimd to decrease by 15-44% in the parasites 

compared to their respective controls. The decrease in the physiological level of 
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glycogen was accompanied by an increase in the activity of GPase a by 29-39% 

and a decrease of activity of GSase a by 36-59% in treated parasites as compared 

to untreated controls, though without affecting the total activity of both the 

en2ymes. PZQ also caused quantitative reduction in glycogen level and alterations 

in enzyme activities somewhat at par with the genistein treatment. 

3. The glucose content in the treated worms decreased by 14-36%, whereas malate 

concentration increased by 49-134% as compared to controls. Both ui controls and 

treated parasites, however, pyruvate content was not measiirable, while alanine and 

lactate contents showed a decline by 7-31% in the parasites exposed to all test 

materials. Besides, the lactate content as effluxed into the incubation medium 

showed an increase of 9-44% in the case of treated parasites indicating an overall 

increase of lactate production. 

4. While some enzymes of the glycolytic pathway showed an increase in their 

activities following exposure of the parasites to the various treatments, others 

showed a decline. The activities of HK, PFK, PEPCK and LDH increased by 33-

39%, 41-125%, 44-49% and 55-67%, respectively and that of PK decreased by 14-

26% in all treatments in comparison to the respective controls. 

5. The cytosolic MDH got activated by 33-58% whereas mitochondrial MDH 

increased by 43-73% in the treated parasites. The MDH activity of in the tissue 
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homogenate was also foxmd to be higher by 22-43% in treatments with crude-peel 

extract, genistein and PZQ. The ME activity in the tissue homogenate was found to 

be increased by 28-59% in the treated parasites; while the cytosolic ME activity 

showed an increase by 33-39%, there was no enhancement in mitochondrial ME 

activity. 

6. The key regulatory enzyme of pentose phosphate pathway, G6PDH, was found to 

decrease by 23-31% in various treatments. FBPase, the enzyme of 

gluconeogenesis, did not show any changes during the treatment conditions while 

the activity of PC was significantly increased by 32-44% in treated parasites in 

comparison to the controls. 

7. Using atomic absorption spectrophotometry, some trace elements, namely, lead (~ 

25 ^g/g dry tissue wt), iron (~ 1200 ng/g dry tissue wt), zinc (~ 400 \ig/g dry tissue 

vrt), magnesium (~1400 ng/g dry tissue wt), calcium (~ 400 ng/g dry tissue wt), 

chromium (~12 |ig/g dry tissue wt) were detected in the cestode while manganese, 

cadmium and nickel were below level of detection. 

8. The calcium concentration in the parasite tissue was found to decrease by 39-49% 

following with the test materials though the calcium concentration in the 

incubation media containing the test materials was foxmd to increase by 94-118%, 

indicating thereby an efflux of Ca from the parasite under the treatment itself. 



9. The observations made in the present study are supported by six 

photomicrographs, eighteen tables and sixteen graphical column figures. Two 

hundred forty seven references are cited. 

10. From the results obtained it can be hypothesized that due to the high energy 

demand of the parasites because of anthelmintic stress following exposure to the 

plant crude extract and genistein, the process of glycogenolysis and glycolysis got 

activated on the expense of other metabolic pathways of glucose utilization by 

regulatmg some key enzymes of these pathways. Changes in the homeostasis of 

Câ "̂  could be one such regulating mechanism in the cestode parasites. The 

PEPCBC/PK branch point provides an important clue for the svdtch over to the 

phosphoenolpyruvate-succinate pathway for the glucose metabolism and thus an 

avenue for anthelmintic attack. The phytochemicals of F. vestita, therefore, seem 

to influence the carbohydrate metabolism of the cestode, which may be a 

secondary target of action, the primary target being the tegumental interface of the 

parasite. 
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(P^fF^CE 

MediciTiaCplants provide an aftemative to current practices invoCving chemotherapy. 

Some of the plant-derived components have Been found to Be comparaBCe in their effect 

with commonCy used drugs. The ediBCe tuBerous roots ofTlemingia vestita (TaBaceae) are 

commonCy used as anthelmintic against intestinal worms in traditional practice in 

Meghalaya (!Nbrtheast India). In a preliminary study the crude root-tuBer peel extract of 

T. vestita was found to Be effective against soft-Bodied trematode and cestode parasites. 

'Further studies indicated towards the mode of action of these phytochemicals, 

particularly targeting the enzymes associated with the tegument and also those involved 

in the nervous co-ordination, e.g., non-specific esterases, acetylcholine esterases and 

nitric o:>(ide synthase. 

^s a sequel to the studies carried out so far in the quest for finding out thepossiBle mode 

of action of the phytochemicals derived from the crude root-tuBerpeelof'F. vestita the 

present study has Been underta^n. CarBohydrate metaBoGsm Being the major energy-

deriving pathway among the helminth parasites, it is aimed to study the carBohydrate 

metaBoGsm under the influence, if any, of these phytochemicals. iterations in the 

status/activity of the glycogen level, major enzymes involved in glycogen metaBoGsm, 

metaBoGtes and some regulatory enzymes of glycolysis, other selected reguhtory enzymes 

related to carBohydrate metaBoGsm and some trace elements, particularly Ca'^*,form the 
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parameters of the present study, for which ̂ RfdUetina echinobothrida, the intestinaC 

cestodefrom domesticfowC Has Been used as the test parasite. 



INTRODUCTION 

Plants or their products provide an alternative to current practices involving 

chemotherapy (Didier et al., 1988; Robinson et al., 1990). Recent studies pertaining to 

the activity of plants, such as Artocarpus lakoocha, Diospyros mollis, Mallotus 

philippinensis, Teloxys graveolens, Saussurea lappa, Albizia anthelmintica, A. lebbek, 

Alium sativum, Streblus asper, Buddleia asiatica, Uveria narum, Matteuccia orientalis, 

to name a few have reported their anthelmintic efficacy in vitro against trematode, 

cestode and other helminth parasites (Charoenlarp et al., 1981, 1989; Maki et al., 1983; 

Gupta et al., 1984; Del Rayo Camacho et al., 1991; Akhtar and Riffat, 1991; Galal et al., 

1991a,b; Soffar and Mokhtar, 1991; Akhtar and Ahmad, 1992; Chatterjee et al., 1992; 

Garg and Dengre, 1992; Hisham et al., 1992 and Shiramizu et al., 1993). In recent years, 

many other plants or their parts have been shown to have cidal activity against 

schistosomules of Schistosoma mansoni, metacestodes of Hymenolepis diminuta and 

larvae of filarid or other nematode parasites (Comely, 1990; Satrija et al., 1995; Ghosh 

et al., 1996; Khunkitti et al., 2000; Singh et al., 2000; Sparg et al., 2000; Molgaard et al., 

2001; Al-Qarawi et al., 2001; Marley et al., 2003). Anthelmintic efficacy of some plant 

derived components has been fovind to be comparable or at par with commonly used 

broad spectrum drugs like albendazole, piprazine and diethylcarbamazine (Kalyani et al., 

1989; Koko et al., 2000; Onyeyili et al., 2001; Enwerem et al., 2001; Temjenmongla and 

Yadav, 2003). 



The mode of action is well known in respect to only a few commonly used 

anthelmintics. Some drugs, such as rafoxamide, praziquantel (PZQ), albendazole, 

fenbendazole, oxyclozanide, luxabendazole, oxfendazole, triclabendazole etc., have been 

reported to bring in ultrastructural alteration in the parasite's tegument (Mehlhom et al., 

1983; Schmahl and Mehlhom, 1985; Jiang and Xia, 1992; Mackenstedt et al., 1993; 

Schmahl, 1993; Stoitsova and Gorchilova, 1994; Magambo, 1996; Apinhasmit and 

Sobhon, 1996; el Sayed and AUam, 1997; Mansoury, 1997; William et al., 2001; el-

Sayad and Lotfy, 2002; Liang et al., 2002; Liu et al., 2003). Artemether, a derivative of 

the antimalarial artemisinin, injured the tegument by causing swelling, vesicle formation 

etc. in adults and juveniles of Schistosoma spp. (Xiao et al., 1996, 2000, 2001, 2002a,b). 

The primary target of action of ivermectin in Echinococcus granulosus is tegument-

elicited alterations in rostellar disorganization, rigid paralysis, and eventually loss of 

viability (Perez-Serrano et al., 2001). The sulphoxide metabolite of triclabendazole and 

albendazole (Valbazen) caused blebbing, tegumental sloughing and spine loss in 

Fasciola gigantica and F. hepatica (Sukontason et al., 2000; Meaney, 2002; Buchanan, 

2003). Certain drugs are known to act by binding to the structural proteins, such as 

collagen and tubulin, of the parasites (Eckert, 1986; Martin et al., 1997; Buchanan et al., 

2003). Many of the broad spectrum anthelmintics affect the worms by blocking their 

central nervous system or the neuromuscular system by inhibiting the neuromodulators, 

such as bioamines, acetylcholine and neuropeptides, causing paralysis of the treated 

worms (Gustafsson, 1984; Raether, 1988; Vijayanathan and Raj 1991, 1992; Cox, 1994; 

Strote et al., 1997). Paraherquamide, 2-deoxoparaherquamide, and their structural 

analogs rapidly induced flaccid paralysis due to blockade of cholinergic neuromuscular 



transmission in parasitic nematodes in vitro (Zinser et al., 2002). The anthelmintic 

emodepside stimulates release of an inhibitory neurotransmitter or neuromodulator to 

inhibit the muscle contraction elicited by acetylcholine or the neuropeptide in Ascaris 

suum (Willson et al., 2003). Some cholinergic anthelmintics (butamisole, morantel, 

metyridine and oxantel) and ivermectin were shown to influence the signaling pathways 

in nematode parasites. (Ros-Moreno et al., 1999; Raymond et al., 2000). Anthelmintics 

like PZQ mediate the schistosomicidal effect through nitric oxide (NO) (Ahmed et al., 

1997; Ammar et al., 2002). Levamisole, morantel and pyrantel act as acetylcholine 

agonists at nicotinic acetylcholine receptors of nematodes, while avermectin interferes 

with signal transduction (Martin et al., 1991; Arena et al., 1992; Robertson et al., 1994; 

Martin et al., 1997; Richmond and Jorgensen, 1999). Drugs may also affect the amino 

acid metabolic pathways leading to more formation and accumulation of ammonia in the 

tissue to a toxic level, which in turn may cause neurological disorders (Cooper and 

Plum, 1987; Campbell, 1991) such as paralysis. Some anthelmintics are known to affect 

the worms by blocking their metabolic activities. Mebendazole significantly inhibits 

oxidative phosphorylation; however, PZQ exhibits high response to O2 consumption in 

Ancyclostoma ceylanicum (Srivastava et al., 1990). Rafoxamide was reported to affect 

the activity of major dehydrogenase enzymes of carbohydrate metabolism (Parveen et 

al., 1992). Diamphenethide and closulon inhibit glucose metabolism in Fasciola, whilst 

closantel uncouples oxidative phosphorylation (Martin et al., 1997). As cestodes and 

trematodes have a limited ability or are unable to metabolise lipids and amino acids, they 

mainly depend on glucose and other simple carbohydrates as the main energy source for 

various metabolic activities (Arme and Pappas, 1983; Bryant and Behm, 1989). So 



carbohydrate metabolism, which is the main energy-yielding pathway, should 

expectedly be also prone to the action of drugs or phytochemicals. Fragmented and 

conflicting information is available regarding the anthelmintic efficacy of drugs on 

carbohydrate metabolism. 

Glycogen is the major carbohydrate in both larval and adult cestodes and serves 

typically as the most important energy reserve in the parenchymatous tissue (Smyth and 

McManus, 1989). Several chemotherapeutic agents have been shown to influence 

glycogen metabolism in helminth parasites (Bueding, 1970; Schulman et al., 1982; 

Donahue, 1983). The two key regulatory enzymes in glycogen metabolism are glycogen 

phosphorylase (GPase) that releases the terminal glucose as glucose 1-phosphate and 

glycogen synthase (GSase) that extends the 'primed' glycogen by using UDP-glucose as 

glucosyl donor. The degradation and synthesis of glycogen are regulated depending 

upon the energy need under various physiological conditions mainly by regulating the 

activity of these two enzymes that are normally present in two forms - active (a) and less 

active {b), which are interconverted by phosphorylation by protein kinase, and 

dephosphorylation by protein phosphatase (Nelson and Cox, 2000). In addition, these 

enzymes can also be allosterically regulated by various modulators, such as Ca , AMP 

and glucose 6-phosphate etc. (BoUen et al., 1998). The presence of GPase activity was 

demonstrated in H. diminuta (Read, 1951) and glycogenesis in cestodes was reported in 

vitro (Read and Simmons, 1963). GPase and GSase activities in cestodes are believed to 

be regulated qualitatively in a similar way to that of the host/mammalian system 

(Roberts, 1983). The a and b forms of GPase have been demonstrated in the 



cysticercoids of H. diminuta and their interconversion is regulated by a 3', 5'-cyclic 

AMP-dependant protein kinase and a phosphorylase phosphatase (Moczon 1975, 1977). 

The enzymes necessary for galactose incorporation, namely galactokinase, galactose 1-

phosphate uridyl transferase, UDP-galactose 4-epimerases, have been reported to be 

present in H. diminuta (Komuniecki and Roberts, 1977). 

Glucose 1-phosphate, released by the glycogenolysis, is converted to glucose 6-

phosphate by the enzyme phosphoglucomutase which is metabolized further. Depending 

upon the end products formed, the carbohydrate metabolism demonstrated among the 

parasitic helminths has been divided into three types by Bryant and Flockhart (1986). Of 

these, type 1, which is characterized by homolactic fermentation (Embden-Meyerhof 

pathway), is found in the ANU (Australian) strain of H. diminuta; type 3 fermentation 

reported to be occurring in Ascaris and a number of other intestinal nematodes and in 

some trematodes, is characterized by yielding branched-chain fatty acids (e.g. 2-

methylvalerate, 2-methylbutyrate) (McManus, 1987). Most of the cestodes are 

conventional to type 2 category (Fig. 1), which is characterized by a COi-fixation step 

(by phosphoenolpyruvate carboxykinase) and malate dismutation. Glucose and other 

simple carbohydrates, which are transported by the active transport as demonstrated in 

adult H. diminuta (Phifer, 1960; Pappas et al , 1974; Read et al., 1974; Uglem, 1976) 

and larvae (Arme et al., 1973), are metabolized following type 2 pathway in most 

cestodes. Some anthelmintic drugs like niclosamide, PZQ and mebendazole were 

reported to cause inhibition of glucose uptake by the cestode (Cotugnia digonopora) and 

increase in the production of lactate (Pampori et al., 1984). In contrast, an enhancing 
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Fig. 1. Schematic diagram to show the respiratory pathways {type 2) in Echinococcus spp.. HK, hexokinase; PFK, 

phosphofinctokinase; PEPCK, phosphoenolpyruvate carboxykinase; PK, pyruvate kinase; LDH, lactate 

dehydrogenase; cMDH, cytosolic malate dehydrogenase; cME, cytosolic malic enzyme; mME, mitochondrial malic 

enzyme; FUM, fumarase; PEP, phosphoenolpyruvate; OAA, oxaloacetate. (after McManus and Bryant, 1986) 
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effect of PZQ and fluoxetine at concentrations of 0.1-10 \iM and inhibitory effect above 

10 |iM concentration was reported in S. mansoni by Harder et al. (1987a). Likewise, in 

Cysticercus fasciolaris, PZQ, mebendazole and some drug candidate compounds were 

reported to significantly lower the rate of glucose uptake and also to suppress the 

formation of lactate as a major end product of glycogen metabolism (Jain et al., 1992). 

In contrast, the drug-induced glycogen reduction in schistosomes was attributed to an 

inhibition of glycolysis rather than interference with glucose uptake (Xiao et al., 1997). 

Glycolytic enzymes, such as hexokinase (HK), phosphofructokinase (PFK), 

aldolase, glyceraldehyde 3-phosphate dehydrogenase (G3PDH), pyruvate kinase (PK), 

phosphoenolpyruvate carboxykinase (PEPCK), lactate dehydrogenase (LDH), and malic 

enzyme (ME) are reported to be present in cestodes (Arme and Pappas, 1983). Some of 

these enzymes are also regulated by several modulators (Nelson and Cox, 2000). 

Operation of the classical Embden-Meyerhof pathway has been confirmed by the 

demonstration of a highly active sequence of glycolyitc enzymes in a variety of cestodes 

(Behm and Bryant, 1975; Beis and Barrett, 1979; McManus and Smyth, 1982; McManus 

and Sterry, 1982; Rahman and Mettrick, 1982). HK, which initiates the glucose 

catabolism via glycolysis and the pentose-phosphate pathway and activates the 

formation of glycogen and complex carbohydrates fi-om glucose, was partially purified 

from H. diminuta and Bothriocephalus scorpii (Komuniecki and Roberts, 1977; 

Vykhrestyuk and Klochkova, 1984). PFK, the key regulatory enzyme of the pathway, 

which catalyses the conversion of fiiictose 6-phopsphate to fiiictose 1,6-bisphosphate, 
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has been investigated in adult Moniezia expansa and in plerocercoids of Schistocephalus 

solidus (Beis and Theophilidis, 1982). The properties of PK, another potential regulatory 

enzyme of glycolysis that converts phosphoenolpyruvate to pyruvate, have been 

investigated in a number of cestodes (Smyth and McManus, 1989). LDH, which 

catalyses the reversible terminal reaction in the glycolysis with the formation of lactate 

from pyruvate, is also reported to be in cestode spp. However, the properties of this 

enzyme have been investigated in details only in Hymenolepis spp. (Burke et al., 1972). 

The presence of malate dehydrogenase (MDH), which converts oxaloacetate to malate, 

has also been demonstrated in several cestodes (Smyth and McManus, 1989). ME, 

which oxidatively decarboxylates malate to pyruvate, has been investigated in H. 

diminuta (Fioravanti and Saz, 1980; Roberts, 1983) and also in a range of cestodes. The 

occurrence of PEPCK, which is involved in carboxylation of phosphoenolpyruvate to 

oxaloacetate with the production of ATP, has been reported from a number of cestodes, 

with more extensive studies in M. expansa, H. diminuta and Spirometra erinacei (Behm 

and Bryant, 1975; Moon et al., 1977; Fukumoto, 1985). It is predominantly cytosolic 

and regulated by a variety of modulators (Reynolds, 1980). The main role of PEPCK in 

cestodes appears to be opposite to that in vertebrates (Prescott and Campbell, 1965); in 

the former it is found to be involved in degradation of glucose molecule (Smyth and 

McManus, 1989) and has a greater affinity for phosphoenolpyruvate, metal ions and 

inhibitors (quinolinate and 3- mercaptopicolinate), whilst in the latter its main role is in 

gluconeogenesis. Because of the differing primary functions of PEPCK in cestodes and 

their hosts, this enzyme might be inhibited selectively and thus provide an avenue for 

anthelmintic attack (Reynolds, 1980). 
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Scanty information is available regarding the pentose phosphate pathway in 

cestodes. Its main role is to provide NADPH, needed for synthesis of fatty acid and 

pentoses (particularly D-ribose 5-phosphate) rather than production of ATP. This 

pathway also converts pentoses to hexoses, which are metabolized further following 

Embden-Meyerhof pathway of glycolysis (Smyth and McManus, 1989). A complete 

sequence of enzymes for pentose phosphate pathway has been demonstrated only in 

larval E. granulosus (Agosin and Aravena, 1960; Agosin and Repetto, 1961). However, 

the presence of first two enzymes of this pathway, namely glucose 6-phosphate 

dehydrogenase (G6PDH) and 6-phosphogluconate dehydrogenase (6PDH) have been 

reported in several cestodes, including both pseudophyllidean and cyclophyllidean 

(Korting and Barrett, 1977; McManus and Smyth, 1982; McMannus and Sterry, 1982; 

Roberts, 1983). Not much information is available regarding the presence of 

gluconeogenic pathway among cestodes. Pyruvate carboxylase (PC), which is involved 

in anaplerotic reaction in mitochondria and gluconeogenesis, has been reported in 

several cestodes (Unnikrishnan and Raj, 1995). Other regulatory enzymes of 

gluconeogenesis, namely, fiiictose 1,6-bisphosphatase (FBPase) that dephosphorylates 

the 6' phosphate from fructose 1,6-bisphosphate and glucose 6-phosphatase (G6Pase) 

that dephosphorylates the glucose 6-phosphate, are also present in some cestodes (Gupta 

et al., 1994). The functional significance of the pathway is under scrutiny in cestodes. 

Trace elements like calcium, copper, manganese, magnesium, lead, iron, nickel, 

zinc and potassium are reported to be present in some helminth parasites, viz., 

amphistomid trematodes (Tandon and Roy, 1994), nematodes (Baru§ et al., 1999; 
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Tenora et al., 1999, 2000) and cestodes (Earns et al., 2000). Câ ,̂ which is stored in 

calcareous corpuscles of many cestodes, especially the larvae, is intimately involved in 

both muscle contraction and many aspects of cell movement controlled by the 

cytoskeleton (Bryant and Behm, 1989). Some enzymes, like GPase, GSase and protein 

kinases, are allosterically regulated by various modulators, where Câ "̂  plays a key role 

(BoUen et al., 1998). PZQ, calcium ionophore A-23187 and the benzodiazepine Ro 11-

3128 disturbed the calcium homeostasis and caused paralysis in S. mansoni and also in 

cestodes by different mechanisms (Tayal et al., 1988; Bryant and Behm, 1989; Blair et 

al., 1994; Martin et al., 1997). 

Flemingia vestita (Fabaceae), a leguminous plant, is mostly found in Meghalaya 

and other parts of Northeast India. The edible unpeeled root-tuber of F. vestita is 

conventionally used as anthelmintic in local traditional medicine against intestinal 

worms including cestodes. The active principles of the root-tuber peel extract were 

isolated and identified by Rao and Reddy (1991); these are found to be isoflavones and 

identified as genistein (0.25%), formononetin (0.035%), pseudobaptigenin (0.015%) and 

diadzein (0.01%). Genistein (4',5,7-trihydroxyisoflavone) is an inhibitor of tyrosine 

protein kinases and competitive inhibitor of several protein kinase reactions (Akiyama et 

al., 1987; O'Dell et al., 1991). By its inhibitory effect on NO production, it is reported to 

have beneficial effects on atherosclerosis and chronic inflammatory diseases (Sheu et al., 

2001). Possible role of genistein in cell cycle, reflecting release from Go into Gi cell 

cycle phase, is reported in Candida albicans, a fungus (Yazdanyar et al., 2001). It also 
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has anticancerous activity, particularly associated with a decreased breast cancer risk 

(Wiseman and Duffy, 2001). 

In an earlier preliminary study, the alcoholic extract of the F. vestita root-tuber 

peel was reported to be effective against A. suum (Yadav et al., 1992). Further studies on 

the anthelmintic efficacy of the plant-derived materials provided evidences of the 

tuberous root of this plant being vermifiigal/vermicidal against soft-bodied helminth 

parasites, i.e., cestodes and trematodes (Roy and Tandon, 1996). The plant-derived 

components were also shown to induce flaccid paralysis in the cestode parasite of 

domestic fowl, Raillietina echinobothrida, in vitro, accompanied by alterations in the 

tegumental architecture (Tandon et al., 1997; Pal and Tandon, 1998a) suggesting thereby 

a transtegumental action of these phytochemicals. hi the treated parasites a pronounced 

decline was noticeable in the activity of the non-specific esterases and acetylcholine 

esterease (AChE). As the latter is associated with the nervous co-ordination in 

helminths, alteration in the AChE activity indicated towards acetylcholine, an inhibitory 

neurotransmitter in cestodes, as a potential target of action by the plant-derived 

components (Pal and Tandon, 1998b). Alterations in the activity of nitric oxide synthase, 

the enzyme that is associated with the synthesis of the nitrergic neurotransmitter, NO, 

were also observed in Fasciolopsis buski, the giant intestinal trematode, following 

treatment with the same plant materials and genistein. (Tandon et al., 2001; Kar et al., 

2002). Further, the activities of several enzymes that are associated with the tegument, 

namely acid- and alkaline phosphatases, adenosine triphosphatase and 5'-nucleotidase 

were also found to be altered in the treated cestodes (Pal and Tandon, 1998c). In vitro 
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treatment of the cestode, R. echinobothrida, with the crude-peel extract and genistein 

also caused alteration in the level of free amino acid pool and tissue ammupa (Tandon 

etal., 1998). 

In the quest to find out clues for the mode of action of putative anthelmintic active 

principles of F. vestita on the metabolic pathways, it seems logical to investigate further 

and see whether or not the plant-derived components affect the carbohydrate metabolism 

of the parasite by altering or by regulating the key enzymes. For accomplishing this 

objective, the foUowings aspects, viz.: 

* glycogen level; 

* activities of GPase and GSase (both active and total); 

* physiological levels of some metabolites - glucose, lactate, pyruvate, 

malate and alanine; 

* activities of some regulatory glycolytic enzymes - HK, PFK, PEPCK, 

PK, LDH, MDH and ME; 

* activities of G6PDH, PC and FBPase and 

* physiological levels of some trace elements and changes in Ca^^ 

concentration, in particular 

form the parameters for the present study on carbohydrate metabolism of the cestode, R. 

echinobothrida under the influence of the mentioned phytochemicals. 



MATERIALS AND METHODS 

Experimental Parasite 

Live cestodes, Raillietina echinobothrida (Megnin, 1880) (Class: Cestoda; 

Subclass: Eucestoda; Order: Cyclophyllidea; Family: Davaineidea) were collected from 

the intestine of freshly slaughtered domestic fowl {Gallus domesticus) at local abattoirs 

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

Plant Materials 

Flemingia vestita Benth and Hooker (Family: Fabaceae), locally known as Soh-

Phlang (in Khasi), is mostly found in West Khasi Hills of Meghalaya. It is a trailing herb 

(Plate 1) having a hairy stem of around 80-100 cm height and contains fleshy tuberous 

roots. The latter are edible and have been conventionally used against intestinal worms 

including cestodes in traditional medicine among local population. The alcoholic extract 

of root tuber peels of F. vestita has been reported to be vermifugal/vermicidal against 

soft-bodied parasites, i.e., cestodes and trematodes (Roy and Tandon, 1996). 

Alcoholic Extract from F. vestita 

Tuberous roots ofF. vestita were collected from the neighboring villages (Weiloi, 

Pongkung, Tyrsad and others) of Shillong, Meghalaya in the months of October-

November. The roots were peeled off and the peels, washed thoroughly with tap water 
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and dried at 50^C in the oven or in the sun. The dried peels of known weight were 

soaked in ethanol (100 g/litre) in a reflux flask. The suspension was refluxed for several 

hours and the cooled suspension was collected. This reflux process was repeated for 

several times. The solution was then passed first through a fine cloth and then filtered 

through Whatman filter paper. The clear solution was distilled and the semisolid residue 

was collected and kept in oven at 60*̂ 0 for several days for complete evaporation of 

ethanol. Approximately 28 g residue was recovered fi-om 100 g of dried root tuber peels 

of F. vestita. 

Isolation of Purified Active Principles 

The crude extract (~ 28%) obtained from the dried peels of F. vestita was 

thoroughly mixed with hexane and the supernatant was decanted. This process was 

repeated for several (~ 20) times in order to collect the hexane soluble components. The 

supernatant was distilled and the residue was passed through silica gel column using 

hexane, benzene and ethyl acetate as solvents. The column was prepared using hexane 

and benzene mixture (6:4 ratio) and silica gel 100-200 mesh (about 350 g). The sample 

was loaded on to the top of the column and elution was done with hexane:benzene 

mixture (about 300 ml) at the ratio of 6:4, 5:5, 4:6... and until pure benzene and then 

with bezene:ethyl acetate at the ratio of 9:1, 8:2, 6:4, 5:5...till pure ethyl acetate using 

approximately 300 ml of mixed solvent at each ratio. 
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Elute at 7:3::benzene:ethylacetate ratio was found to be genistein (Fig. 2). The 

genistein solution was concentrated through distillation in a water bath. Approximately 

25 mg (0.25%) of genistein (4',5,7-trihydroxyisoflavone), which is the major active 

principle of the root peel, was purified fi-om 10 g of the crude extract. The residue, i.e., 

crude extract minus genistein, was eluted fiirther using methanol and contained a 

mixture of other isoflavones - formononetin, pseudobaptigenin and diadzein - in very 

low concentrations (Rao and Reddy, 1991). 

Fig. 2. Genistein 

Treatments in vitro 

The freshly collected live parasites, R. echinobothrida (~ 0.2 g fresh wt) were 

treated in vitro at 39 ± 1°C in 10 ml of incubation media containing defined 

concentration of crude-peel extract of F. vestita, purified or synthetic genistein and PZQ 

dissolved in 1% dimethylsulfoxide (DMSO) with simultaneous maintenance of controls 
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for each treatment in PBS containing 1% DMSO, as reported previously by Tandon et 

al. (1997) till the onset of paralysis. 

At the concentration of 50 mg/ml crude extract, 0.5 mg/ml genistein and 0.01 

mg/ml praziquantel (PZQ) the time taken for paralysis and death of the treated worms 

post incubation was about 0.3 h and 6.5 h, 2.1 h and 13.35 h, and 0.47 h and 6.1 h, 

respectively. However, with a view to allowing sufiicient time for a significant effect 

and in order to prolong the time for onset of paralysis, lower concentrations of the test 

materials were used; these were 5 mg/ml crude-peel extract, 0.2 mg/ml genistein and 

0.001 mg/ml PZQ. On exposure to these dosages, paralysis in the treated worms 

occurred at 5.9 h, 6.7 h and 2.9 h, respectively. Synthetic genistein (Sigma, Code no. 

6649) was also used. PZQ (Fig. 3) was used as the reference drug. 

Fig. 3. Praziquantel 
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For all analyses, therefore, parasites exposed to these lower concentrations of the 

test materials were used, since it allowed incubation time range between 3 and 6 h. In 

controls, the parasites survived up to ~ 72 h in PBS. For each set of treatment, the 

parasites were taken from a single host. 

Estimations 

1. Glycogen 

Alkali-soluble glycogen was estimated using anthrone reagent following the 

method of Seifter et al. (1950). Approximately 500 mg of tissue was taken and digested 

in 3 ml of 30% KOH at 70'̂ C in a water bath. After cooling the solution, 0.2 ml of 

saturated Na2S04 was added and mixed thoroughly to assist precipitation of the 

glycogen. The alkali soluble-glycogen was precipitated out by adding 5 ml of 95% 

ethanol and centrifuged for 10 min at 10,000 x g. This process was repeated for three 

times in order to isolate the total glycogen present in the tissue. Glycogen was then 

estimated using 0.2% anthrone reagent in concentrated H2SO4. D-glucose released from 

glycogen under acid condition gets dehydrated in the presence of cone. H2SO4 to yield 

5-hydroxymethylfiufural, which gets reduced with anthrone reagent to give a brown 

coloured complex. The optical density (OD) was measured at 620 nm using a visible 

spectrophotometer (Systronics). The concentration of glycogen was calculated against a 

standard graph prepared with different known concentrations of glycogen. 
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2. Metabolites 

a. Tissue Processing 

A 10% homogenate (w/v) of the treated parasites and controls was prepared in 50 

mM Tris-HCl buffer (pH 7.4) using a motor driven Potter-Elvehjem type glass 

homogenizer fitted with a Teflon pestle. The homogenate was treated with 2 M 

perchloric acid (PCA) in the ratio of 1:0.5 (homogenate:PCA), followed by 

centrifiigation at 10,000 x g for 10 min to precipitate out proteins and other 

macromolecules fi-om the tissue. The supernatant was decanted out and neutralised with 

2 M NaOH. The resultant supernatant was taken for the estimation of different 

metabolites of carbohydrate metabolism. 

b. Estimations 

Concentrations of the different metabolites of carbohydrate metabolism, viz., 

glucose, pyruvate, alanine, malate and lactate were estimated enzymatically following 

the method of Bergmeyer (1974). For all the metabolites, the OD was measured at 340 

nm in a UV-Visible spectrophotometer (Beckman, DU 640) using a quartz cuvette of 1.5 

ml having 1 cm light pathway. 

Glucose 

For the estimation of glucose, the total glucose was converted to 6-phospho-

gluconate following two-step enzymatic reactions. In the auxiliary reaction, glucose is 

phosphorylated by ATP to glucose 6-phosphate in the presence of excess of HK. In the 
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NADP^-dependent indicator reaction, glucose 6-phosphate is oxidized by G6PDH to 

give 6-phosphogluconate with quantitative reduction of NADP^ by the following 

reaction: 

D-glucose + A1P 
HK 

Mg2+ 
->• ADP + D-glucose 6-phosphate 

G6PDH . 
D-glucose 6-phosphate + NADP * ^ 6-phosphogluconate + NADPH + H 

The reaction mixture in a final volume of 1 ml contained: 

TRA buffer (pH 7.6) 

MgCl2 

NADP^ 

ATP 

G6PDH 

100 ^moIes 

10 nmoles 

0.5 [imole 

0.9 |.imole 

5 units 

HK 5 units 

The reaction mixture was incubated at 37°C for 30 min (sufficient enough to 

convert all the glucose to glucose 6-phosphate). A control was also run simultaneously, 

which contained the reaction mixture as mentioned above and distilled water in place of 

the processed sample. The concentration of D-glucose present in different samples was 

calculated taking the difference in the OD values between the control and the sample 

and by taking 6.22 x 10̂  as molar extinction coefficient for NADPH. 
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Lactate 

Lactate is converted to pyruvate in the presence of LDH along with equimolar 

reduction of NAD^ to NADH by the following reaction: 

LDH 
Lactate + NAD + ^ = ^ Pyruv ate + NADH + H+ 

The reaction mixture in a final volume of 1 ml contained the following: 

Glycine - 50 ^moles 

Hydrazine hydrate - 42 ^moles 

NAD^ - 0.9 nmole 

LDH - 5 units 

The reaction mixture was incubated at 37°C for 90 min to convert all the lactate to 

pyruvate. The control contained distilled water in place of the processed sample. The 

lactate concentration was calculated from the OD difference between the control and the 

sample and by taking 6.22 x 10̂  as molar extinction coefficient for NADH. 

Pyruvate 

Pyruvate is converted to lactate in the presence of LDH along with the equimolar 

oxidation of NADH by the following reaction: 

LDH 
Pyruvate + NADH+ H+ ^ — S i Lactate + NAD + 
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The reaction mixture of 1 ml contained the following: 

Tris-HCl buffer (pH 7.4) - 50 Mmoles 

NADH - 0.2 îmoles 

LDH - 10 units 

The reaction mixture was incubated at 37V for 30 min to convert the total 

pyruvate in the sample to lactate with the maintenance of control, which contained 

distilled water in place of the sample. The difference in the OD values between the 

control and the sample was taken for the calculation of pyruvate concentration and by 

using 6.22 x 10̂  as molar extinction coefficient for NADH. 

Malate 

Malate is converted to oxaloacetate in the first reaction with equimolar reduction 

of NAD^ to NADH by the enzyme MDH. In the indicator reaction, the oxaloacetate is 

converted to a-ketoglutarate by glutamate oxaloacetate transaminase (GOT) in the 

presence of glutamate. 

M3H 
Malate + NAD + ^ ' *• Oxaloacetate + NADH + H + 

GOT 
Oxaloacetate + Glutamate >• Asperate + a-ketoglutarate 

The reaction mixture of 1 ml contained the following: 

Tris-HCI buffer (pH 7.4) - 100 ^moles 
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utamate 

NAD^ 

MDH 

GOT 

1 |imole 

0.9 )j,mole 

10 units 

10 units 

The reaction mixture was incubated at 37*'C for 30 min to convert the total malate 

to oxaloacetate present in the sample with the maintenance of control, which contained 

distilled water in place of the sample. The malate concentration was calculated taking 

the difference in OD values between the control and the sample and by taking 6.22 x 10̂  

as molar extinction coefficient for NADH. 

Alanine 

Alanine is converted to pyruvate in the presence of alanine dehydrogenase 

(AlaDH) along with the equimolar conversion of NAD^ to NADH by the following 

reaction: 

AlaDH 
Alanine + H2O + NAD+ »• Pyruv ate + NH3 + NADH + H+ 

The reaction mixture for alanine in a final volume of 1 ml contained: 

3-amino-l-propanol buffer (pH 10.0) 

NAD^ 

AlaDH 

100 ^moles 

0.9 [xmole 

10 units 
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The reaction mixture was incubated at 37̂ C for 90 min to convert all the alanine to 

pyruvate in the sample with the maintenance of control, which contained distilled water 

in place of sample. The difference in OD values between the control and the sample was 

taken for the calculation of the alanine concentration and by using 6.22 x 10̂  as molar 

extinction coefficient for NADH. 

Enzyme Assays 

a. Tissue Processing 

For assaying the activities of GPase and GSase, a 10% homogenate (w/v) of the 

treated worms and controls was prepared in a homogenizing buffer containing 20 mM 

imidazole-HCl buffer (pH 7.2), 100 mM NaF, 10 mM EDTA, 10 mM EGTA, 15 mM 2-

mercaptoethanol and 0.1 mM PMSF (Russel and Storey, 1995). The homogenate was 

centrifuged at 10,000 x g at 4̂ C for 10 min and the supernatant was used for the enzyme 

assays. 

For assaying the activity of some selected regulatory glycolytic and other enzymes 

of carbohydrate metabolism, a portion of frozen tissue was thawed in ice and a 10% 

homogenate (w/v) of each sample was prepared in a homogenizing buffer containing 50 

mM Tris-HCl (pH 7.4), 0.3 M sucrose, 1 mM EDTA, 2 mM MgCl2 and 3 mM 2-

mercaptoethanol. The homogenate was treated with 0.5% Triton X-100 in 1:1 ratio for 

30 min, followed by sonication for 30 sec using a sonicator (Soniprep 150) for proper 

breakage of mitochondria. The homogenate was then centrifuged at 10,000 x g for 15 
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min (Beckman J2-HS) and the resultant supernatant was used for all the enzyme assays. 

All these steps were carried out at 4^C. 

h. Sub-cellular Fraction 

Sub-cellular fi-actionation was carried out following the method of Dkhar et al. 

(1991). A 20% homogenate of fresh frozen parasites was prepared in a fractionating 

buffer containing 50 mM Tris-HCl (pH 7.4) buffer, 0.3 M sucrose, 1 mM EDTA, 2 mM 

MgCl2 and 3 mM 2-mercaptoethanol. The sub-cellular fractions such as nuclear, 

mitochondrial and cytosolic (soluble) were separated out by differential centrifugation of 

the homogenate. The homogenate was centrifuged at 600 x g for 10 min to pellet out the 

cell debris and nuclei. The supernatant was decanted and kept aside. The loose pellet 

was again resuspended in equal volume of the fractionation buffer, homogenized for the 

second time as described previously to aid breaking of unbroken cells and again 

centrifuged at 600 x g for 10 min. The supernatant was poured out, pooled with the first 

supernatant and the pellet was taken as nuclear fraction. The pooled supernatant was 

centrifuged at 10,000 x g for 30 min to give a well defined and firm pellet 

(mitochondrial fraction). The supernatant so acquired from this centrifugation step was 

taken as the cytosolic fraction. The nuclear and mitochondrial fractions were 

resuspended in the same volimie of the fractionation buffer. All the fractions as well as a 

part of the crude homogenate (kept separately before centrifugation) were treated with 

0.5% Triton X-100 in 1.1 ratio for 30 min. The crude homogenate and the mitochondrial 

fractions were sonicated for 30 sec for proper breakage of mitochondria. LDH was used 

as the cytosolic marker and glutamate dehydrogenase (GDH) enzyme was used as the 
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mitochondrial marker to access the complete separation process of different sub-cellular 

fractions. All the steps were carried out at 4°C. 

c. Assays 

For all the enzyme assays, the OD readings were taken in a quartz cuvette of 1.5 

ml volume having 1 cm light pathway, using a UV-Visible spectrophotometer 

(Beckman, DU 640) fitted with a peltier temperature controlled system. 

Glycogen Phosphorylase (GPase; EC 2.4.1.1) 

The GPase (1,4-a-D-Glucan: orthophosphate a-D-glucosyltransferase) activity 

was assayed following the method of Moon et al. (1989). Glucose 1-phosphate released 

by the action of GPase from glycogen is converted to glucose 6-phosphate by the 

enzyme phosphoglucomutase. In the indicator reaction, glucose 6-phosphate is oxidised 

to 6-phosphogluconate by G6PDH with simultaneous reduction of NADP^ by the 

following equation: 

GPase 
(Glucose) n + HP04-2 .^ ^ (Glucose) n-1 + Glucose 1-phosphate 

Phosphoglucomutase 
Glucose 1-phosphate .^ ^ Glucose 6-phosphate 

G6PDH 
Glucose 6-phosphate + NADP + ^ ^ 6-pho6phogluconate + NADPH + H "*-

R^2+ 
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The assay mixture in a final volume of 1 ml contained: 

phosphate buffer (pH 7.2) 

NADP^ 

Glucose 1,6-bisphosphate 

AMP 

Phosphoglucomutase 

G6PDH 

Glycogen 

Tissue extract 

60 ^moles 

0.5 nmole 

5 lamoles 

2.5 nmoles 

5 units 

5 units 

10 mg 

100 nl 

The reaction mixture also contained 10 |j,moles caffeine (1,3,7-trimethylxanthine, 

cAMP phosphodiesterase inhibitor) for measurement of GPase a, and no caffeine for 

measurement of total GPase (a + b) activity. 

The assay mixture without the tissue extract was preincubated at 38''C for 5 min. 

The tissue extract was added to the preincubated reaction mixture in order to start the 

reaction. The increase in OD was recorded at 340 nm at 30 sec interval for 10 min and 

the linear increase in OD values was used for calculating the GPase activity. The amount 

of NADP^ reduced was calculated taking 6.22 xlO^ as molar extinction coefficient value 

for NADPH for expressing the GPase activity. One unit of GPase activity was expressed 

as that amoimt of enzyme which catalyzed the reduction of l^mole of NADP^ pq 

NADPH per min at 38°C. 

Percent GPase a represents the ratio of GPase a to total GPase x 100. 
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Glycogen Synthase (GSase; EC 2.4.1.11) 

GSase (UDP glucose: glycogen 4-a-glucosyltransferase) was assayed following 

the method of Passoneau and Rottenberg (1973). The UDP released after incorporation 

of UDP-glucose to the primed glycogen is converted to UTP by PK with conversion of 

phosphoenolpyruvate to pyruvate. In the indicator reaction, pyruvate is converted to 

lactate with equimolar oxidation of NADH by LDH as depicted in the following 

reaction: 

GSase 
UDP-glucose + (Qucose) n ^ UDP + (Glucose) n+1 

Phosphoenolpyruvate + UDP ^ : 
PK 

Pyruvate + UTP 

Pyruvate + NADH + H+ :^= 
LDH 

Lactate + NAD+ 

assay mixture in a final volume of 1 ml contained: 

Imidazole-HCl buffer (pH 7.5) 

Phosphoenolpyruvate 

UDP-glucose 

NADH 

KCl 

MgCl2 

Glycogen 

PK 

60 inmoles 

5 jxmoles 

6 |j,moles 

0.15 |j.mole 

150 |j.moles 

15 |a.moles 

2mg 

10 units 
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LDH - 10 units 

Tissue extract - 100 nl 

The reaction mixture also contained 5 ^imoles glucose 6-phosphate while 

measuring the total GSase (a + b) activity. 

The tissue extract was added to the preincubated assay mixture at 38"C for 5 min. 

The reaction was started by the addition of the tissue extract and the decrease in OD was 

recorded at 340 nm at 30 sec interval for 10 min and the linear decrease in OD values 

was taken for calculating the GSase activity. The amount of NADH oxidized was 

calculated taking 6.22 xlO^ as molar extinction coefficient value for NADH for 

expressing the GSase activity. One unit of GSase activity was expressed as that amount 

of en2yme which oxidized 1 ̂ mole of NADH to NAD^ per min at 38°C. 

Percent GSase a represents the ratio of GSase a to total GSase x 100. 

Hexokinase (HK; EC 2.7.1.1) 

The HK (ATP: D-hexose 6-phosphotransferase) activity was measured following 

the method of Bergmeyer (1974) which is a two-step enzymatic reaction. In the auxiliary 

reaction, D-glucose is phosphorylated to D-glucose 6-phosphate in the presence of HK 

and in the indicator reaction glucose 6-phosphate is oxidized by G6PDH to give 6-

phosphogluconate with simultaneous equimolar reduction of NADP^ to NADPH by the 

following reaction: 



29 

D-glucose + AlP HK 
«^2+ 

->• ADP + D-glucose 6-phosphate 

G6PDH 
D-glucose 6-phosphate + NADP + ^ ** 6-phosphogluconate + NADPH + H + 

The reaction mixture in a final volume of 1 ml contained: 

Tri-HCl buffer (pH 7.4) 

D-glucose 

NADP^ 

ATP 

MgCl2 

G6PDH 

Tissue extract 

50 lumoles 

5 [imoles 

0.2 fimole 

0.9 nmole 

5 nmoles 

10 units. 

50 ^l 

The assay mixture was preincubated without the tissue extract at 38*̂ 0 for 5 min. 

The tissue extract was added to the assay mixture in order to start the reaction. The 

increase in OD was recorded at 340 nm at 30 sec interval for 10 min and the linear 

increase in OD values was taken for calculating the HK activity. The amount of NADP^ 

reduced was calculated taking 6.22 xlO^ as molar extinction coefficient value for 

NADPH for expressing the HK activity. One unit of HK activity was expressed as that 

amount of enzyme which catalyzed the reduction of one |imole of NADP"̂  per min at 

38°C. 
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Phosphofructokinase (PFK; EC 2.7.1.11) 

PFK (ATP: D-fructose 6-phosphate 1-phosphotransferase) v̂ âs assayed by the 

modified method of Buckwitz et al. (1988). The four-step coupled reaction involves in 

the first place the phosphorylation of fructose 6-phosphate to fructose 1,6-bisphosphate 

by PFK, in the second auxiliary reaction the latter is cleaved to glyceraldehyde 3-

phosphate and dihydroxyacetone phosphate (DHAP) in presence of aldolase. In the next 

step glyceraldehyde 3-phosphate is reversibly converted to DHAP by the enzyme triose 

phosphate isomerase. In the indicator reaction DHAP is converted to glycerol 3-

phosphate by glycerophosphate dehydrogenase with quantitative oxidation of NADH as 

depicted in the following reaction: 

PFK 
Fructose 6-phosphate + ATP >• Fructose 1,6-bisphosphate + ADP 

Wg2+ 

Aldolase 
Fructose 1,6-bisphosphate ^ ^ Glyceraldehyde 3-phosphate + DHAP 

li'lose phosphate isomerase 
Glyceraldehyde 3-phosphate ^ ^ DHAP 

Glycerophosphate 
dehydrogenase 

DHAP + NADH + H+ ^ ^ Glycerol 3-phosphate + NAD + 

The reaction mixture in a final volume of 1 ml contained: 

Tris-HCl (pH 7.2) 

ictose 6-phosphate 

NADH 

ATP 

MgCl2 

80 )amoles 

5 nmoles 

0.2 ixmole 

0.8 ^mole 

0.9 nmole 
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KCl 

K2HPO4 

Aldolase 

Triose phosphate isomerase 

Glycerophosphate dehydrogenase 

Tissue extract 

-

-

-

-

-

-

90 [imoles 

1 î mole 

8.0 îg 

3.3 îg 

3.3 ng 

100 nl 

The assay mixture without the tissue extract was preincubated at 38°C for 5 min. 

The reaction was started by the addition of the tissue extract to the preincubated reaction 

mixture. The decrease in OD was recorded at 340 nm at 30 sec interval for 10 min. and 

the linear decrease in OD values was taken for calculating the PFK activity, using 6.22 x 

10̂  as molar extinction coefficient value for NADH. One unit of PFK activity was 

expressed as that amoimt of enzyme which catalyzed the oxidation of lumole of NADH 

per min at 38"C. 

Phosphoenolpyruvate Carboxykinase (PEPCK; EC 4.1.1.32) 

PEPCK (Orthophosphate: oxaloacetate carboxykinase) was assayed by the method 

described by Mommsen et al. (1985). Oxaloacetate so formed by the enzyme PEPCK is 

further converted to malate in the presence of excess of MDH where equimolar amount 

of NADH is oxidized to NAD* in the following reaction: 

PEPCK 
Phosphoenolpyruvate + GDP + CO 2 z • QxaloacetatB + GTP 

Wh2+ 

NDH 
Oxaloacetate + NADH + H + - ^ ; MblatB + NAD+ 
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The reaction mixture in a final volume of 1 ml contained: 

Tris-HCl buffer (pH 7.4) 

Phosphoenolpyruvate 

NADH 

GDP 

NaHCOj 

MnCl2 

MDH 

Tissue extract 

50 i^moles 

4.5 ^moles 

0.15nmole 

0.6 nmole 

20 y.moles 

1 nmole 

5 units 

20 ul 

The assay mixture without the tissue extract was preincubated for 5 min at 38^C. 

The reaction was started by the addition of the tissue extract to the preincubated reaction 

mixture and the decrease in OD was noted at 340 nm at 30 sec interval for 10 min. The 

linear decrease in OD values was considered for calculating the PEPCK activity taking 

6.22 X 10̂  as molar extinction coefficient value for NADH. One unit of PEPCK activity 

was expressed as the amount of enzyme that catalyzed the oxidation of 1 îmole of 

NADH per min at 38°C. 

Pyruvate Kinase (PK; EC 2.7.1.40) 

The PK (ATP: pyruvate 2-0-phosphotransferase) activity was assayed following 

the method of Bticher and Pfleiderer (1955). This is a two-step reaction where 

phosphoenolpyruvate is converted to pyruvate by PK in the auxiliary reaction and then 
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pyruvate gets converted to lactate in the presence of LDH, with equimolar oxidation of 

NADH by the following reaction: 

PhosphoenolpyruvatB + ADP 
PK 

LDH 
Pyruvate + NADH+ H+ ^ ^ 

->• Pyruvate + ATP 

Lactate + NAD+ 

The reaction mixture in a final volume of 1 ml contained: 

Imidazole buffer (pH 7.6) 

Phosphoenolpyruvate 

NADH 

ADP 

KCl 

MgS04 

LDH 

Tissue extract 

50 nmoles 

5 |j,moles 

0.2 ^mole 

1.5 (imoles 

120 nmoles 

30 jimoles 

10 units 

50 ul 

The assay mixture without the tissue extract was preincubated at 38̂ C for 5 min. 

The reaction was started by the addition of the tissue extract to the preincubated reaction 

mixture and the decrease in OD was recorded at 340 nm at 30 sec interval for 10 min. 

The linear decrease in OD values was considered for calculating the PK activity taking 

6.22 xlO^ as molar extinction coefficient for NADH. One unit of PK activity was 
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expressed as that amount of enzyme that catalyzed the oxidation of 1 ̂ imole of NADH 

perminat38°C. 

Lactate Dehydrogenase (LDH; EC 1.1.1.27) 

The LDH (L-Lactate: NAD^ oxidoreductase) activity was determined following 

the method of Vorhaben and Campbell (1972). This is a bimolecular reaction where 

pyruvate is converted to lactate by LDH with quantitative oxidation of NADH by the 

following reaction: 

Pyruvate + NADH+ H+ ^ = 
IJ)H 

i ^ Lactate + NAD+ 

The reaction mixture in a final volume of 1 ml contained: 

Sodium phosphate buffer (pH 7.4) 

Pyruvate 

NADH 

Tissue extract 

30 jimoles 

5 nmoles 

0.2 ^mole 

50 Hi 

The assay mixture without the tissue extract was preincubated for 5 min at 38''C 

min. The tissue extract was added to the preincubated reaction mixture in order to start 

the reaction. The decrease in OD was recorded at 340 nm at 30 sec interval for 10 min 

and the linear decrease in OD values was taken for calculating the LDH activity taking 

6.22 X10̂  as a molar extinction coefficient value for NADH. One unit of LDH activity 
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was expressed as that amount of enzyme which catalyzed the oxidation of 1 |4.mole of 

NADH to NAD^ per min at 38*̂ 0. 

Malate Dehydrogenase (MDH; EC 1.1.1.37) 

The MDH (L-malate: NAD^ oxidoreductase) activity was assayed following the 

method of Kun and Volfin (1966). This is a second order reaction where oxaloacetate is 

converted to malate by the enzyme with equimolar oxidation of NADH by the following 

reaction: 

NDH 
QxaloacetafB + NADH + H + -^ - * - Malate + NAD + 

The reaction mixture in a final volume of 1 ml contained: 

Sodium phosphate buffer (pH 7.4) 

Oxaloacetate 

NADH 

Tissue extract 

100 nmoles 

6 nmoles 

0.2 lamole 

50^1 

The assay mixture without the tissue extract of the respective (total, cytosolic and 

mitochondrial) fraction was preincubated at 38°C for 5 min. The reaction was started by 

addition of the tissue extract of different fractions to the preincubated reaction mixture. 

The decrease in OD was noted at 340 nm at 30 sec interval for 10 min and the linear 

decrease in OD values was used for calculating the MDH activity taking 6.22 xlO^ as 
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molar extinction coefficient value for NADH. One unit of MDH activity was expressed 

as that amount of enzyme which catalyzed the oxidation of 1 î mole of NADH per min at 

38°C. 

Malic Enzyme (ME; EC 1.1.1.40) 

The ME (L-malate: NADP^ oxidoreductase) activity was assayed following the 

method of Bergmeyer (1974). This is a single-step reaction where pyruvate is converted 

to malate by ME with quantitative oxidation of NADPH by the following reaction: 

ME 
Pyruvate + NADPH+ H+ + CO2 ^ F MalatB + NADP + 

The reaction mixture in a final volume of 1 ml contained: 

Tris-HCl buffer (pH 7.4) 

Pyruvate 

NADPH 

NaHCOs 

Tissue extract 

50 ^moles 

5 |i,moles 

0.2 nmole 

5 |j,moles 

50^1 

The assay mixture without the tissue extract (respective fractions) was 

preincubated at 38°C for 5 min. The reaction was started by the addition of the 

respective fraction of tissue extract to the preincubated reaction mixture. The decrease in 

OD was recorded at 340 rmi at 30 sec interval for 10 min and the linear decrease in OD 

values was used for calculating the ME activity taking 6.22 xio^ as molar extinction 
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coefficient value for NADPH. One unit of ME activity was expressed as that amount of 

enzyme which catalyzed the oxidation of 1 ĵ mole of NADPH per min at 38*'C. 

Pyruvate Carboxylase (PC; EC 6.4.1.1) 

PC (Pyruvate: CO2 ligase) was assayed following the method of Moon and 

Mommsen (1987) with a two-step enzymatic reaction. Oxaloacetate so formed by PC is 

further converted to malate in the presence of excess MDH, where equimolar amoimt of 

NADH is oxidized by the following reaction: 

Pyruvate + ATP + Acetyl Co A 
PC 

11̂ 2+ 
->- Oxaloacetate + ADP + p 

Oxaloacetate + NADH + H + ^ : 
MDH 

Malate + NAD-̂  

The reaction mixture in a final volume of 1 ml contained: 

is-HCl buffer (pH 7.8) 

Acetyl CoA 

NaHC03 

Pyruvate 

NADH 

MgCl2 

MDH 

Tissue extract 

100 nmoles 

0.1 ^imole 

15 ^moles 

10 ^imoles 

0.15 nmole 

5 limoles 

10 units 

20 ul 
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The tissue extract was added to the assay mixture that was preincubated at 38°C 

for 5 min. The decrease in OD was noted at 340 nm at 30 sec interval for 10 min and the 

linear decrease in OD values was taken for expressing the PC activity taking 6.22 xlO^ 

as molar extinction coefficient value for NADH. One unit of PC activity was expressed 

as that amount of enzyme which catalyzed the oxidation of Ifimole of NADH per min at 

38°C. 

Glucose 6-phosphate Dehydrogenase (G6PDH; EC 1.1.1.49) 

The G6PDH activity was measured following the method of DeMoss (1955). D-

glucose 6-phosphate is oxidised to 6-phosphogluconate by G6PDH with simultaneous 

equimolar reduction of NADP^ to NADPH by the following reaction: 

G6PDH 
D-glucose 6-phosphate + NADP + ^ _ *• 6-phosphogluconate + NADPH + H + 

IWb 2+ 

The reaction mixture in a final 1 ml contained: 

Tris-HCl buffer (pH 7.4) 

MgCl2 

NADP^ 

D-glucose 6-phosphate 

Tissue extract 

50 ^moles 

10 ^imoles 

0.2 ^mole 

5 ixmoles 

50^1 

The assay mixture was preincubated without the tissue extract at 38^C for 5 min. 

The tissue extract was added to the assay mixture in order to start the reaction. The 
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increase in OD was recorded at 340 nm at 30 sec interval for 10 min and the linear 

increase in OD values was taken for calculating the G6PDH activity. The amount of 

NAD?" reduced was calculated taking 6.22 xlO^ as molar extinction coefficient value 

for NADPH for expressing the G6PDH activity. One unit of G6PDH activity was 

expressed as that amount of enzyme which catalyzed the reduction of l|j,mole of NADP^ 

per min at 38°C. 

Fructose 1,6-bisphosphatase (FBPase; EC 3.1.3.11) 

FBPase (D-fructose 1,6-bisphosphate 1-phosphohydrolase) was assayed by the 

method described by Mommsen et al. (1985) with a three-step enzymatic reaction. 

Fructose 6-phosphate so formed by FBPase is further converted to glucose 6-phosphate 

in the presence of excess of phosphoglucoisomerase. In the NADP^-dependent indicator 

reaction glucose 6-phosphate is oxidised to 6-phosphogluconate in the presence of 

G6PDH with quantitative reduction of NADP* to NADPH by the following reaction: 

FBPase 
Fructose 1,6-bispho6phate • Fructose 6-phosphatB 

Mg2+ 

Phosphoglucoisomerase 
Fructose 6-phosphate ^ ^ Glucose 6-phosphatB 

G6PDH 
Glucose 6-phosphatB + NADP + ^ 6-phosphogluconatB + NADPH + H + 

The reaction mixture in a final volume of 1 ml contained: 

Tris-HCl buffer (pH 7.4) - 50 ̂ imoles 

F 1,6-bisphosphate - 0.15 ^mole 
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NADP 

MgCb 

G6PDH 

Phosphoglucose isomer£ise 

Tissue extract 

0.2 ^mole 

15 inmoles 

10 units 

400-600 units 

50 îl. 

The tissue extract was added to the previously preincubated reaction mixture at 

38°C for 5 min. The increase in OD was recorded at 340 nm at 30 sec interval for 10 min 

and the linear increase in OD values was used for calculating the FBPase activity taking 

6.22 X 10̂  as molar extinction coefficient value for NADPH. One unit of FBPase 

activity was expressed as that amount of enzyme which catalyzed the reduction of 

1 ̂ mole of NADP^ to NADPH per min at 38°C. 

Glutamate Dehydrogenase (GDH; EC 1.4.1.3) 

GDH (L-Glutamate: NAD(P)^ oxidoreductase) was assayed following the method 

of Olson and Anfinsen (1952) with certain modifications by Das et al. (1991). a-

ketoglutarate is converted to glutamate by GDH with quantitative oxidation of N ADH 

by the following reaction: 

a-ketoglutarate + NH 3 + NADH + H+ 
GDH 

-^- GlutamatB + NAD '*' 
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The reaction mixture in a final volume of 1 ml contained: 

Potassium phosphate buffer (pH 8.5) - 100 fxmoles 

Ammonium chloride - 50 jimoles 

a-ketoglutarate - 25 nmoles 

NADH - 0.2 ^imole 

EDTA - 0.2 lamole 

Tissue extract - 50 ^1 

The tissue extract was added to the assay mixture preincubated at 38"C for 5 min. 

The decrease in O.D was recorded at 340 nm at 30 sec interval for 10 min and the linear 

decrease in O.D values was taken for expressing the GDH activity taking 6.22 xlO^ as 

molar extinction coefficient value for NADH. One unit of GDH activity was expressed 

as that amount of enzyme which catalyzed the oxidation of 1 ̂ mole of NADH per min at 

38^C. 

d. Protein Estimation 

Protein was estimated following the method of Lowry et al. (1951) using bovine 

serum albumin as the standard. 

e. Specific Activity 

Specific activity of the enzymes was expressed as the units of enzyme activity per 

mg protein: 
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Measurement of Trace Elements 

The parasite fresh tissue (~ 2 g) was dried using a lyophilizer (Heto Lyolab 3000). 

The dried tissue was ground using a mortar and pestle and approximately 500 mg of the 

powdered sample was digested in 10 ml of concentrated HNO3 for 12 h at 50̂ C and then 

kept for 1-2 h on a hot plate for complete evaporation of the acid, followed by addition 

of 10 ml deionised double distilled water. The solution was filtered and the volume was 

finally made to 100 ml by adding deionised double distilled water. The solution was 

used for the analysis of Ca and other trace elements using Perkin Elemer atomic 

absorption spectrophotometer (Model 3110). 

The incubation media were also collected after taking out the treated parasites and 

parasites in controls. The solutions were centrifiaged at 600 x g for 20 min and the 

supernatant of the respective incubation medium was taken for the analysis of effluxed 

Ca^^ 

Histochemistry 

As a visual confirmation of the biochemical analysis, histochemical methods were 

also used for demonstration of some parameters. 

a. Glycogen 

Glycogen was histochemically demonstrated following the Best's method (1906) 

as described by Pearse (1968). Paraffin sections (6-7 p,m thick) of the bouin-fixed 
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material were brought to absolute alcohol and placed for 2 min in 1% celloidin. The 

dried sections were passed through alcohol gradation to water and stained in Ehrlich's 

haemalum for 5 min. These sections were rinsed and differentiated rapidly in 1% acid 

alcohol and then rinsed in water. After staining in Best's carmine [15 ml of stock 

solution (2 g carmine, 1 g KCO3, 5 g KCl and 20 ml ammonia to 60 ml distilled water) 

with 12.5 ml of ammonia and 12.5 ml of methyl alcohol] for 30 min, the sections were 

differentiated in Best's differentiator (8 ml absolute alcohol, 4 ml methyl alcohol and 10 

ml distilled water) without pervious rinsing. The sections were washed in 80% alcohol, 

dehydrated in absolute alcohol, cleared in xylene and mounted in DFX. 

b. Hexokinase (HK) 

HK was demonstrated histochemically following the method of Meijer (1967) as 

described in Pearse (1972). Fresh fi-ozen cryostat sections (15 ^m) were fixed by drying 

and incubated at 38°C for 2 h. The incubation medium contained 30 mg D-glucose, 2.5 

mg NADP^, 5.5 mg ATP, 20 mg MgCb, 2.5 mg NBT, 2 ml 40 mM imidazole buffer 

(pH 7.5), 3.8 ml 6% gelatin and 5 ^1 G6FDH per 10 ml of incubation mixture. The 

sections were washed briefly and fixed for 30 min in 4% neutral buffered formaldehyde 

and moimted in glycerine jelly. Dark blue formazan granules, formed by the reduction of 

NBT by NADFH formed in the reaction, indicate the sites of activity of the enzyme. 

c. Lactate Dehydrogenase (LDH) 

LDH was demonstrated following the method of Jacobsen (1969) as described by 

Pearse (1972). Fresh frozen cryostat sections (15 ^m) were fixed for 10 min in cold 
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acetone (0-4 °C), followed by treatment with CHCI3 at -15°C for 10 min. The sections 

were washed in cold acetone and dried in air followed by incubation in final incubation 

medium for 2 h. The final incubation medium contained equal quanties of solution A 

and solution B and 1.5 mM NAD^ (added just before incubation). [Solution A contained 

200 mM L-lactate, 9.8 mM NBT, 10 mM NaCN, 0.66 mM PMS, 33 g PVA in 100 ml of 

0.1 M Tris buffer (pH 7.2), whereas solution B contained 40 g PVA in 100 ml of 50 mM 

Tris buffer (pH 7.2)]. The sections were washed in warm water (45^C) and fixed in 

neutral formol-calcium for 15 min. Monoformazans were removed by brief treatment 

with acetone and the sections, mounted in glycerine jelly. Dark blue formazan granules, 

formed by the reduction of NBT by NADH formed in the reaction, indicate sites of the 

enzyme activity. 

d. Malate Dehydrogenase 

MDH was demonstrated by following the procedure described by Pearse (1972). 

15 nm thick cryostat sections were immersed in incubation medium and incubated 

aerobically for 1 h. Each 10 ml of incubation medium contained 2 mg NAD ,̂ 0.1 ml of 

stock substrate solution and 0.9 ml of stock incubating medium. [10 ml of stock 

substrate solution contained 1 M L-malate, which was neutralized by 0.9 ml of 40% 

NaOH. The stock incubating medium (9 ml) contained 2.5 ml of NBT (4 mg/ml), 2.5 ml 

0.2 M Tris-HCl buffer (pH 7.4), 1 ml of 5 mM MgCb and 3 ml distilled water]. The 

sections were then immersed in 15% formol saline for 15 min. After washing in running 

water for 2 min, the sections were dehydrated in graded alcohol, cleared in xylene and 
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mounted in DPX. Dark blue formazan granules, formed by the reduction of NBT by 

NADH formed in the reaction, indicate sites of the MDH activity. 

e. Glucose 6-phosphate Dehydrogenase (G6PDH) 

The activity of G6PDH was demonstrated following the procedure described by 

Pearse (1972). The cryostat sections (15 um thick) were covered with sufficient amount 

of incubation medium and incubated aerobically for 1 h. 10 ml of incubation medium 

contained 2 mg NADP^, 0.1 ml of stock substrate solution, 0.1 ml of 0.1 M NaCN and 

0.9 ml of stock incubating medivmi. [10 ml of stock substrate solution contained 1 M 

glucose 6-phosphate which is neutralized by 0.6 ml of IN HCl. The stock incubating 

medium (9 ml) contained 2.5 ml of NBT (4 mg/ml), 2.5 ml of 0.2 M Tris-HCl buffer 

(pH 7.4), 1 ml of 5 mM MgCl2 and 3 ml distilled water]. The sections were immersed in 

15% formol saline for 15 min. After washing in running water for 2 min, the sections 

were dehydrated in graded alcohol, cleared in xylene and mounted in DPX. Dark blue 

formazan granules, formed by the reduction of NBT by NADPH formed in the reaction, 

indicate sites of activity of the enzyme. 

Chemicals 

Synthetic genistein was obtained from Sigma Chemicals (St. Louis, USA). 

Praziquantel (PZQ (2-[cyclohexylcarbonyl]-l,2,3,6,7,llb-hexahydro-4H-pyrazino[2,la] 

isoquinolin-4-one), Droncit), a broad-spectrum cestocide, was from Bayer. All enzymes 

and co-enzymes were obtained either from Sigma Chemicals, USA or from Roche, 
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Germany. Other chemicals used were of analytical grade and obtained from local 

sources such as Sisco Research Laboratory, E-Merck etc. Deionized double glass-

distilled water was used for all preparations. 

Statistical analysis 

Data collected from three to five replicates were statistically analyzed and are 

presented as mean ± SEM. Comparisons of the paired mean values between the 

experimental and respective controls were made using Student's Mest (Croxton et al., 

1982) and P<0.05 was regarded as statistically significant. 



RESULTS AND OBSERVATIONS 

The cestode, Raillietina echinobothrida, could survive very well at 39 ± l^C in 

0.9% PBS (pH 7.2) containing 1% DMSO for 72 ± 0.05 h. Following treatment with 

crude-peel extract of Flemingia vestita at a concentration of 5 mg/ml, paralysis in the 

cestode occurred at 5.9 ± 0.05 h. When the cestode was treated with genistein at a 

concentration of 0.2 mg/ml, paralysis set in at 6.7 ± 0.04 h, whereas in the medium 

contaming PZQ (1 ^g/ml), the reference drug paralysis ensued afler 2.9 ± 0.05 h (Table 

1). 

Glycogen and its Metabolism 

Table 2 and Fig. 4 show the glycogen content in the control and treated cestode {R. 

echinibothrida). The physiological level of glycogen in the control parasite was found to 

be quite high and averaging to be about 66 mg/g wet wt, which decreased significantly 

fi-om 12 h onwards during post incubation period as control. The glycogen level in the 

parasite decreased significantly compared to the respective controls at different hours of 

treatment with crude-peel extract, genistein and PZQ. The maximum percentage 

decrease of glycogen was recorded to be 44, 35 and 28% after treating with crude-peel 

extract, genistein and PZQ, respectively, either after 12 h or 6 h of incubation. This 

decrease of glycogen content in treated cestode was supported by histochemical studies 
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also (Plate 2; Figs, a-d); the intensity of colour, indicating the glycogen concentration, 

decreased significantly in all the treatments compared to respective controls. 

Table 3 and Figs. 5 and 6 show the effects of crude-peel extract, genistein and PZQ 

on the activities of GPase (both active and total) and GSase (both active and total), the 

two key enzymes related to glycogen metabolism. All the three treatments caused 

significant changes in the activities of only the active forms of GPase and GSase, with 

no significant effect on the total activity of either enzyme. GPase a, which constituted 

about 72-74% of the total GPase activity in the control parasite, increased significantly 

by 29, 39 and 30% in the parasite treated with crude-peel extract, genistein for 6 h and 

PZQ for 3 h, respectively. However, GSase a activity, which constituted about 56-68% 

of the total GSase activity, decreased significantly by 59, 36 and 38%, respectively, in 

similar treatments. 

Table 4 and Figs. 5 and 6 show the changes of specific activities of GPase and 

GSase in the parasite under different treatments. The pattern of changes of specific 

activity was almost similar to that of the tissue activity. All the treatments did not affect 

the total specific activity (a + b) of both GPase and GSase enzymes except for the active 

form of both. The specific activity of GPase a, which constituted about 71-76% of the 

total specific activity, increased significantly by 28, 39 and 30%, respectively, during 

treatments with crude-peel extract, genistein and PZQ. Whereas in the case of GSase a, 

which constituted about 53-68% of the total specific activity, decreased significantly by 
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The changes in the efflux of lactate by the treated parasites are depicted in Table 7 

and Fig. 9. There was a significant increase of lactate efflux of about 44 and 23%, 

respectively, by the parasites treated with the crude-peel extract and PZQ, whereas there 

was only 9% increase (not significant) of lactate efflux by the genistein-treated parasite. 

The net lactate production by the parasite both under treated and untreated condition can 

be calculated by subtracting the net decrease of tissue lactate level fi^om the total lactate 

excreted by the parasite in the incubation medium at paralysis time. There was a 

significant increase in the net lactate production of about 20 and 16% by the parasite 

treated with the crude-peel extract and PZQ, respectively. No significant change in the 

pH of the incubation medium was observed in any of the treated conditions (Table 7). 

Table 8 and Figs. 10-12 show the effects of the crude-peel extract of F. vestita, 

genistein and PZQ on tissue activities of some selected enzymes of glycolysis, namely 

HK, PFK, PEPCK, PK and LDH in R. echinobothrida. As such the physiological level 

of activity of PEPCK in the parasite was found to be highest, averaging to be about 

18.85 units/g wet wt, followed by LDH (4.53 units/g wet wt), HK (1.68 units/g wet wt) 

and PFK (1.52 units/g wet wt). The activity of PEPCK in the parasite increased 

significantly by 49, 45 and 44%, respectively, in treatments with crude-peel extract, 

genistein and PZQ. Whereas in the case of PK, a significant decrease in the activity (of 

about 26%) was observed when the parasite was treated with crude-peel extract, only a 

little decrease of activity (of about 15%, non-significant) was observed while treating 

with genistein and PZQ. The tissue activity of HK in the parasite increased significantly 
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under all the three treated conditions. The percentage increase of HK activity was 33, 39 

and 36 respectively, compared to controls during treatment with crude-peel extract, 

genistein and PZQ. The change of HK activity was further supported by histochemical 

demonstration (Plate 3; Figs. a-f). The intensity of colour of formazan particles, which 

indicated the activity of the enzyme, increased significantly in all the treatments in 

respect to the control. The activity of PFK which is the pace maker of the glycolytic 

pathway, increased by 125% in PZQ treatment, and by 49 and 41% in genistein and 

crude-peel extract treatments, respectively, in comparision to the respective controls. 

The activity of LDH increased by 67% in genistein treatment, and by 55 and 58% in 

treatments with crude-peel extract and PZQ, respectively. Histochemically also, 

alteration in the LDH activity under the influence of the various treatments was 

demonstrable; the activity of the enzyme increased significantly in all the treatments in 

respect to the control (Plate 4; Figs. a-f). 

Table 9 and Figs. 10-12 show the changes of specific activity of HK, PFK, PK, 

PEPCK and LDH in the parasite under different treatments. The pattern of these changes 

was almost similar to that of the tissue activity. The specific activity of HK increased 

maximally by 41% while treating with genistein, and by 34% both in the crude-peel 

extract and PZQ treatments. In the case of PFK, the specific activity increased 

maximally by 127% while treating with PZQ, and 43 and 49%, respectively, during 

treatment with crude-peel extract and genistein. In the case of PEPCK, the specific 

activity increased maximally by 52% while treating with crude-peel extract, and 46 and 



52 

42%, respectively, during treatment with genistein and PZQ. Like the tissue activity, the 

specific activity of PK decreased by 23,14 and 16%, in crude-peel extract, genistein and 

PZQ treatments, respectively; whereas the specific activity of LDH increased maximally 

by 68% in genistein-treated and 60 and 58% in the case of crude-peel extract and PZQ 

treated parasites, respectively. 

The MDH activity in R. echinobothrida was found to be localized both 

mitochondria and cytosol with 40% of the activity in the former and 50% in the later 

(Table 10; Fig. 13). Both the mitochondrial and cytosolic MDH were affected in the 

parasite under different treated conditions. The mitochondrial MDH activity was 

stimulated significantly under all treated conditions with an increase of activity by 44,43 

and 73%, respectively; during treatment with crude-peel extract, genistein and PZQ. The 

cytosolic MDH activity was also stimulated significantly under similar conditions with a 

percentage increase of 36, 33 and 58, respectively. The mitochondrial activity appeared 

to be stimulated more than the cytosolic one. Histochemically the MDH activity in the 

parasite tissue was demonstrated (Plate 5; Figs. a-f). The intensity of stain of formazan 

particles, which is indicative of the enzyme activity, increased significantly in all the 

treatments in comparison to the control. 

As shown in Table 11 and Fig. 13, the specific activity of MDH, both in the 

mitochondria and cytosol, was also increased significantly in the parasite under all 

treated conditions. The percentage increase of the mitochondrial MDH activity was 46, 
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44 and 73, respectively, with crude-peel extract, genistein and PZQ, while that of the 

cytosolic one increased by 35, 33 and 58, respectively, with crude-peel extract, genistein 

and PZQ. 

Like MDH, ME was also found to be localized both in the mitochondria and 

cytosol of this parasite, distributing about 35 and 60% of the activity in the mitochondria 

and cytosol, respectively (Table 12; Fig. 14). Only the cytosolic ME was affected under 

different treated conditions in the parasite. The percentage increase in the activity of the 

cytosolic ME was 36, 39 and 33, respectively, during treatment with crude-peel extract, 

genistein and PZQ. 

Table 13 and Fig. 14 show the changes of specific activity of both mitochondrial 

and cytosolic ME under different treated conditions. Like that of the tissue activity, the 

specific activity of only the cytosolic ME was affected with different treatments with a 

percentage increase of 33, 40 and 25 respectively, with crude-peel extract, genistein and 

PZQ. 

Enzymes of other Metabolic Pathways 

The effect of different test materials on the activity of G6PDH, PC and FBPase 

was also studied in the parasite (Table 14; Figs. 15 and 16). The tissue activity of 

G6PDH was significantly decreased by 31, 28 and 23%, respectively, in treatments with 

crude-peel extract, genistein and PZQ. In histochemical demonstration also, the intensity 
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of formazan particles, which indicates the activity of the enzyme, decreased significantly 

in all the treatments in comparison to the control (Plate 6; Figs. a-f). Whereas the tissue 

activity of PC was significantly increased by 44, 32 and 33%, respectively, while treating 

with crude-peel extract, genistein and PZQ; the tissue activity of FBPase, however, was 

not affected significantly by any of the treatments. 

The pattern of changes of specific activity of these enzymes under different 

treatments was ahnost similar to that of the tissue activity (Table 15 Figs. 15 and 16). 

The percentage decrease of the G6PDH specific activity was 32, 27 and 23, respectively, 

in treatments with crude-peel extract, genistein and PZQ. The PC specific activity 

increased by 43, 27 and 39%, respectively, under similar treatments. Like the tissue 

activity, the specific activity of FBPase was not affected significantly in any of the 

treated conditions. 

Trace Elements 

Using atomic absorption spectroscopy, the presence of some trace elements could 

be detected in R. echinobothrida; their concentration in quantitative terms in the parasite 

tissue is depicted in Table 16 and Fig. 17. Out of the elements detected, the 

concentration of magnesium was found to be highest (-1400 ^g) and that of chromium, 

the lowest (~12 \xg), while manganese, cadmium and nickel were below the level of 

detection. A significant amount of Câ ^ (350-400 f̂ g/g dry tissue wt) was found to be 

present in control parasites. However, a significant decline in the concentration of tissue 



55 

was recorded in the parasite exposed to all the test materials (Table 17; Fig. 18). 

The Ca concentration decreased significantly by 49, 39 and 45%, respectively, while 

treating with crude-peel extract, genistein and PZQ. In corroboration to this decrease in 

tissue Ca concentration as influenced by these treatments, the Ca concentration in the 

incubation media containing the crude-peel extract, genistein and PZQ was found to be 

increased by 100, 11 Sand 94%, respectively, indicating thereby an increased efflux of 

Câ ^ into the medium (Table 18; Fig. 19). 



TABLES 
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Table 1. Efficacy of root-tuber peel extract of F. vestita, genistein and PZQ on R. 

echinobothrida in vitro*. Values are expressed as mean ± SEM (n = 3). 

Treatment 
(mg/ml) 

Control 
(in 0.9% PBS) 

Crude peel extract 
5.0 

50.0 

Genistein 
0.2 
0.5 

PZQ 
0.001 
0.01 

Time (h) taken for paralysis (P) and death (D) 

P D 

-

5.9 ± 0.05 
0.03 ± 0.01 

6.7 ± 0.04 
4.4 ± 0.07 

2.9 ± 0.05 
0.47 ± 0.07 

72 ± 0.05 

46.1 ±0.04 
6.5 ± 0.4 

49.2 ± 0.08 
19.08 ±0.02 

9.8 ±0.17 
6.1 ±0.34 

* Data as per ref. Tandon et al. (1997) and reconfirmed (n = 5) by repeated incubations. 
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Table 2. Effects of different test materials on glycogen content (mg/g wet wt) in R. 

echinobothrida in vitro. Values are expressed as mean ± SEM (n = 3). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

2.a. Control 

2.b. Genistein 
(0.2) 

3.a. Control 

3.b. PZQ 
(0.001) 

Concentration of glycogen** post incubation 

Oh* 3 h 6 h 12 h 24 h 

66.53 + 4.17 

65.74 + 4.44 

67.56 ± 5.00 

-

• 

63.78 ±3.59 

51.16 + 3.91" 
(-20) 

56.97 ±4.41 

47.93 + 2.32° 
(-16) 

57.28 + 4.12 

48.83+1.94' 
(-15) 

45.42 ±2.90' 

32.53 + 0.44 * 
(-28) 

36.04 ±2.64' 

20.24 +2.73'' 
(-44) [-46] 

40.14+1.62' 

26.19 + 2.18" 
(-35) [-39] 

-

20.9 ±2.71^ 

14.54 + 2.05' 
(-30) [-69] 

25.89 ±3.36^ 

18.74+1.36' 
(-28) [-61] 

-

* Glycogen content in freshly recovered parasite. 

** Percentage decrease (-) in glycogen content in treated worms from respective controls is 

given in parentheses and that to 0 h, in square brackets. 

'' ̂ •. P value significant at < 0.05 and < 0.01, respectively in starved controls compared with the 

0 h control. 

^ **: P value significant at < 0.05 and < 0.01, respectively, in treatments compared with their 

respective controls. 
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Table 3. Effects different test materials on tissue activity (units/g wet wt) of GPase and 

GSase of 7?. echinobothrida in vitro. Values are expressed as mean ± SEM (n = 3). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 

l.b. Crude 
peel extract 

(5.0) 

2.a. Control 

2.b. Genistein 
(0.2) 

3.3. Control 

3.b. PZQ 
(0.001) 

Total ia+b) 

1.92 ±0.12 

2.09 ±0.25 

[+9] 

2.28 ± 0.43 

2.49 ± 0.27 
[+9] 

2.42 ±0.53 

2.45 ±0.28 
[+1] 

Enzyme activity (uni 

GPase 

Active (fl) 

1.43 ±0.02 (74) 

1.84 ±0.25 (88) 

[+ 29]' 

1.66 ±0.31(73) 

2.30 ±0.17 (92) 
[+ 39]" 

1.74 ±0.49 (72) 

2.26 ± 0.33 (92) 
[+ 30]* 

ts/g wet wt) of 

Total (o+A) 

0.73 ± 0.04 

0.65 ± 0.03 

[-10] 

1.68 ±0.17 

1.54 ±0.13 
[-8] 

1.29 ±0.02 

1.16 ±0.09 
[-10] 

GSase 

Active (a) 

0.41 ±0.06(56) 

0.17 ±0.04 (27) 

[-59]" 

1.15 ±0.08 (68) 

0.74 ±0.14 (48) 
[-36]" 

0.86 ±0.08 (67) 

0.53 ± 0.07 (46) 
[- 38]" 

Percentage of GPase a and GSase a tissue activities out of the total {a + b) is given in 

parentheses. 

Percentage increase (+) or decrease (-) of GPase a and GSase a tissue activities in the treated 

worms compared to their respective controls is given in square brackets. 

One unit of enzyme activity is defined as that amount of enzyme which catalyzed lp,mol of 

NADP^ reduction (in case of GPase) or NADH oxidation (in case of GSase) per min at 38**C. 

' : P < 0.05;'':/»< 0.01 
GPase - glycogen phosphorylase; GSase - glycogen synthase 
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Table 5. Physiological levels of different metabolites related to carbohydrate 

metabolism in R. echinobothrida. Values are expressed as mean ± SEM (n = 3). 

Metabolites 

Glucose 

Lactate 

Malate 

Pyruvate 

Alanine 

Concentration ((xmoies/g wet wt) 

26.58 ±1.12 

9.35 ± 0.56 

2.01 ± 0.25 

BLD 

7.45 ± 0.91 

BLD - Below the level of detection 
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Table 6. Effects of different test materials on some intermediary metabolites of 

glycolysis in R. echinobothrida in vitro. Values are expressed as mean ± SEM (n = 3). 

Treatment 
(mg/ml) 

1. a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2. a. Control 
2. b. Genistein 

(0.2) 
P 

3. a. Control 
3. b. PZQ 

(0.001) 
p 

Concentration of metabolites at paralys 

Glucose 

23.69 + 0.62 

16.16 + 1.36 
(-36) 

<0.05 

19.4 ±1.89 
15.74 ±0.2 

(-19) 
<0.05 

18.71 ±1.12 
16.18 ±0.39 

(-14) 
N.S. 

Pyruvate 

BLD 

>5 

BLD 

BLD 
5) 

Lactate 

8.33 ± 0.64 

5.75 ± 0.55 
(-31) 

<0.05 

9.511.24 
7.9 ±0.34 

(-24) 
<0.05 

11.7 ±0.76 
9.3 ±1.04 

(-21) 
<0.05 

Is time (fimoles/g 

Alanine 

5.35 ±0.13 

4.97 ±0.18 
(-7) 
N.S. 

4.54 ± 0.37 
3.42 ±0.29 

(-25) 
<0.05 

6.31 ±0.34 
5.69 ± 0.25 

(-10) 
N.S. 

wet wt) 

Malate 

1.64 ±0.28 

3.35 ±0.12 
(+104) 
< 0.001 

1.76 ±0.42 
4.11± 0.34 

(+134) 
< 0.001 

1.44 ±0.16 
2.14±0.1 

(+49) 
<0.01 

Percentage increase (+) and decrease (-) of metabolites compared to respective controls are 

given in parentheses. 

BLD - Below the level of detection 

N.S. - Not significant 
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Table 7. Effects of different test materials on lactate efflux by R. echinobothrida into the 

culture medium and pH changes of the culture medium (PBS, pH 7.2). Values are 

expressed as mean ± SEM (n = 3). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 
2.b. Genistein 

(0.2) 
P 

3.a. Control 
3.b. PZQ 

(0.001) 
p 

Lactate efflux pH after 1 h pH at paralysis 
(p.nioles/g body wt/h) time 

1.78 ±0.04 

2.56 ± 0.22 
(+44) 
<0.05 

1.35 ±0.15 
1.67 ±0.19 

(+9) 
N.S. 

1.45 ±0.29 
1.89 ±0.62 

(+23) 
<0.05 

7.44 ± 0.004 

7.02 ±0.01 
(-6) 
N.S. 

7.45 ± 0.007 
7.47 ± 0.6 

(0) 
N.S. 

7.47 ± 0.02 
7.48 ± 0.004 

(0) 
N.S. 

6.78 ± 0.06 

6.32 ± 0.02 
(-7) 
N.S. 

7.1 ±0.1 
6.5 ± 0.004 

(-8) 
N.S. 

7.27 ± 0.004 
7.27 ± 0.05 

(0) 
N.S. 

Percentage increase (+) and decrease (-) of metabolites or pH changes compared to respective 

controls are given in parentheses. 
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Table 8. Effects of different test materials on tissue activity (units/g wet wt) of HK, 

PFK, PEPCK, PK and LDH oiR. echinobothrida in vitro. Values are expressed as mean 

± SEM(n = 4). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein 
(0.2) 

P 

3.a. Control 

3.b. PZQ 
(0.001) 

p 

HK 

1.96 ±0.02 

2.61 ±0.12 
(+33) 
<0.05 

1.79 ±0.13 

2.48 ± 0.23 
(+39) 
<0.05 

1.28 ±0.12 

1.74 ± 0.03 
(+36) 
<0.05 

Enzyme 

PFK 

1.45 ±0.17 

2.04 ±0.1 
(+41) 
<0.05 

1.77 ± 0.06 

2.64 ± 0.15 
(+49) 
<0.01 

1.34 ± 0.04 

3.01 ± 0.3 
(+ 125) 
< 0.001 

activity (units/g 

PEPCK 

15.87 ±0.11 

23.68 ±1.18 
(+49) 
<0.01 

16.74 ±0.37 

24.33 ± 0.64 
(+45) 
<0.05 

23.93 ± 0.97 

34.31 ± 0.37 
(+44) 
<0.05 

wetwt) of 

PK 

1.07 ±0.16 

0.79 ±0.13 
(-26) 
<0.05 

1.07±0.16 

0.92 ± 0.15 
(-14) 
N. S. 

1.09 ±0.12 

0.93 ±0.12 
(-15) 
N. S. 

LDH 

4.51 ±0.06 

7 ±1.05 
(+55) 
<0.01 

4.51 ±0.06 

7.55 ± 0.66 
(+67) 
<0.01 

4.57 ± 0.04 

7.21 ± 0.25 
(+58) 
<0.01 

Percentage increases (+) or decreases (-) of enzyme activity compared to respective controls is 

given in parentheses. 

One unit of enzyme activity is defined as that amount of enzyme which catalyzed 1 nmole of 

NADP^ reduction (in case of HK) or NADH oxidation (in case of PFK, PEPCK, PK and 

LDH)perminat38''C. 

HK - Hexokinase; PFK - Phosphofructokinase; PEPCK - Phophoenolpyruvate carboxykinase; 

PK - Pyruvate kinase; LDH - Lactate dehydrogenase 



Table 9. Effects of different test materials on the specific activity (units/mg protein) of HK, PFK and PEPCK, PK and LDH of 

R. echinobothrida in vitro. Values are expressed as mean ± SEM (n = 4). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 
2.a. Control 

2.b. Genistein 
(0.2) 

P 
3.a. Control 

3.b. PZQ 
(0.001) 

p 

HK 

0.041 ± 0.002 

0.055 ± 0.001 
(+34) 
<0.05 

0.037 ± 0.003 

0.052 ± 0.002 
(+41) 
<0.05 

0.029 ±0.001 

0.039 ± 0.003 
(+34) 
<0.05 

Specific activity (units/mg protein) of 

PFK PEPCK 

0.03 ±0.001 

0.043 ± 0.001 
(+43) 
<0.05 

0.037 ± 0.004 

0.055 ± 0.001 
(+49) 
<0.01 

0.03 ± 0.004 

0.068 ± 0.003 
(+ 127) 
< 0.001 

0.33 ± 0.02 

0.5 ± 0.03 
(+52) 
<0.01 

0.35 ± 0.03 

0.51 ±0.04 
(+46) 
<0.05 

0.38 ± 0.02 

0.52 ± 0.03 
(+42) 
<0.05 

PK 

0.022 ±0.001 

0.017 ±0.001 
(-23) 
<0.05 

0.022 ± 0.002 

0.019 ± 0.001 
(-14) 
N.S. 

0.025 ± 0.001 

0.021 ±0.002 
(-16) 
N.S. 

LDH 

0.094 ±0.001 

0.15 ±0.002 
(+60) 
<0.01 

0.094 ± 0.002 

0.158 ±0.003 
(+68) 
<0.01 

0.103 ±0.004 

0.163 ±0.002 
(+58) 
<0.01 

Percentage increases (+) or decreases (-) of specific activity compared to respective controls is given in parentheses. 

Specific activity of the enzymes was expressed as the units of enzyme activity per mg protein. 

Abbreviations are same as Table 8. 
4i>. 
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Table 10. Effects of different test materials on tissue activity of malate dehydrogenase 

(MDH) (units/g wet wt) in R. echinobothrida in vitro. Values are expressed as mean ± 

SEM (n = 4). 

Treatment 

(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein 
(0.2) 

P 

3.a. Control 

3.b. PZQ 
(0.001) 

p 

MDH 

Homogenate 

73.23 ± 4.32 

89.61 ±2.68 

[22] 
<0.05 

65.28 ± 2.41 

81.69 ±0.99 

[25] 
<0.05 

46.39 ±4.12 

66.56 ±2.55 

[43] 
<0.05 

activity (units/g wet wt) in 

Mitochondrial 
fraction 

26.89 ±0.75 
(37) 

39.4 ±1.52 
(44) 
[47] 

<0.05 

22.01 ±1.09 
(34) 

31.51 ±0.98 
(39) 
[43] 

<0.05 

18.95 ±0.65 
(41) 

32.71 ±2.05 
(49) 
[73] 

<0.01 

Cytosolic 
fraction 

37.77 ±1.25 
(52) 

51.32 ±0.98 
(57) 
[36] 

<0.05 

38.8 ±1.02 
(59) 

51.7 ±0.56 
(63) 
[33] 

<0.05 

24.93 ± 0.79 
(54) 

39.44 ± 2.03 
(59) 
[58] 

<0.01 

Percentage of tissue activity in the mitochondrial and cytosolic fraction compared to the activity 

in the homogenate is given within parentheses. Percentage increase of activity compared to 

respective controls is given within square brackets. 

One unit of enzyme activity is defined as that amount of enzyme which catalyzed 1 jimole of 

NADH oxidation per min at 38°C. 
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Table 11. Effects of different test materials on the specific activity (units/mg protein) 

malate dehydrogenase (MDH) in R. echinobothrida in vitro. Values are expressed as 

mean ± SEM (n = 4). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein 
(0.2) 

P 

3.a. Control 

3.b. PZQ 
(0.001) 

p 

Specific activity of MDH (units/mg protein) in 

Homogenate Mitochondrial Cytosolic 
fraction fraction 

1.6 ±0.03 

1.96 ±0.02 

[23] 
<0.05 

1.43 ±0.04 

1.79 ±0.03 

[25] 
<0.05 

1.18 ±0.02 

1.69 ±0.05 

[43] 
<0.05 

0.59 ± 0.05 
(37) 

0.86 ± 0.02 
(44) 
[46] 

<0.05 

0.48 ± 0.009 
(34) 

0.69 ± 0.008 
(39) 
[44] 

<0.05 

0.48 ± 0.06 
(41) 

0.83 ± 0.05 
(49) 
[73] 

<0.01 

0.83 ± 0.025 
(52) 

1.12 ±0.09 
(57) 
[35] 

<0.05 

0.85 ± 0.02 
(59) 

1.13 ±0.05 
(63) 
[33] 

<0.05 

0.64 ± 0.009 
(54) 

1.01 ±0.03 
(59) 
[58] 

<0.01 

Percentage of specific activity in the mitochondrial and cytosolic fractions compared to the 

activity in the homogenate is given within parentheses. Percentage increase of specific activity 

compared to respective controls is given within square brackets. 

Specific activity of the enzymes was expressed as the units of enzyme activity per mg protein. 
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Table 12. Effects of different test materials on tissue activity (units/g wet wt) of malic 

enzyme (ME) in R. echinobothrida in vitro. Values are expressed as mean ± SEM (n = 

5). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein 
(0.2) 

P 

3.a. Control 

3.b. PZQ 
(0.001) 

p 

ME activity (units/g wet wt) in 

Homogenate Mitochondrial Cytosolic 
fraction fraction 

0.18 ±0.005 

0.23 ± 0.009 

[+28] 
<0.05 

0.29 ± 0.007 

0.37 ± 0.006 

[+28] 
<0.05 

0.22 ± 0.005 

0.35 ± 0.008 

[+59] 
<0.05 

0.08 ± 0.002 
(44) 

0.09 + 0.001 
(39) 

[+13] 
N.S. 

0.07 ± 0.003 
(24) 

0.08 ± 0.004 
(22) 

[+14] 
N.S. 

0.1 ± 0.008 
(36) 

0.11+0.006 
(31) 

[+10] 
N.S. 

0.11+0.002 
(61) 

0.15 + 0.005 
(65) 

[+36] 
<0.05 

0.18 + 0.003 
(62) 

0.25 + 0.001 
(68) 

[+39] 
<0.05 

0.15 + 0.002 
(54) 

0.2 ± 0.003 
(57) 

[+33] 
<0.05 

Percentage of tissue activity in the mitochondrial and cytosolic fraction fractions compared to 

the activity in the homogenate is given within parentheses. Percentage increase of activity 

compared to respective controls is given within square brackets. 

One unit of enzyme activity is defined as that amount of enzyme which catalyzed l^mole of 

NADPH oxidation per min at 38"C. 



68 

Table 13. Effects of different test materials on specific activity (units/mg protein) of 

malic enzyme (ME) in R. echinobothrida in vitro. Values are expressed as mean ± SEM 

(n = 5). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein 
(0.2) 

P 

3.a. Control 

3.b. PZQ 
(0.001) 

p 

Specific activity of ME (units/mg protein) in 

Homogenate Mitochondrial 
fraction 

0.005 

0.006 

[+20] 
<0.05 

0.008 

0.01 

[+28] 
<0.05 

0.006 

0.01 

[+67] 
<0.05 

0.002 
(40) 

0.0025 
(42) 

[+25] 
N. S. 

0.002 
(25) 

0.002 
(20) 
[-] 

N. S. 

0.003 
(50) 
0.003 
(30) 
[-] 

N. S. 

Cytosolic 
fraction 

0.003 
(60) 

0.004 
(67) 

[+33] 
<0.05 

0.005 
(63) 

0.007 
(70) 

[+40] 
<0.05 

0.004 
(67) 

0.005 
(60) 

[+25] 
<0.05 

Percentage of specific activity in the mitochondrial and cytosolic fraction compared to the 

activity in the homogenate is given within parentheses. Percentage increase of specific activity 

compared to respective controls is given within square brackets. 

Specific activity of the en2ymes was expressed as the units of enzyme activity per mg protein. 
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Table 14. Effects of different test materials on tissue activity (units/g wet wt/min) of PC, 

G6PDH and FBPase in R. echinobothrida in vitro. Values are expressed as mean ± SEM 

(n = 4). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein 
(0.2) 

P 

3.a. Control 

3.b. PZQ 
(0.001) 

p 

Enzyme activity (units/g wet ^ 

G6PDH 

1.27 ±0.02 

0.88 ± 0.006 
(-31) 
<0.05 

1.55 ±0.1 

1.12±0.15 
(-28) 
<0.05 

3.2 ±0.29 

2.48 ± 0.45 
(-23) 
<0.05 

PC 

6.39 ±0.38 

9.21 ±0.2 
(+44) 
<0.05 

6.68 ± 0.29 

8.82 ± 0.38 
(+32) 
<0.05 

8.46 ±1.32 

11.23 ±1.03 
(+33) 
<0.05 

i¥t/min) of 

FBPase 

1.1 ±0.02 

0.98 ±0.15 
(-11) 
N. S. 

1.1 ±0.02 

1.05 + 0.08 
(-5) 
N. S. 

1.68 ±0.09 

1.45 ±0.06 
(-14) 
N. S. 

Percentage increase (+) or decrease (-) in enzyme activity in treated worms from respective 

control is given in parentheses. 

One unit of en^me activity is defined as that amount of enzyme which catalyzed 1 jimole of 

NADP"̂  reduction (in case of G6PDH and FBPase) or NADH oxidation (in case of PC) per 

min at 38°C. 

PC - Pyruvate carboxylase; G6PDH - Glucose 6-phosphate dehydrogenase; FBPase - Fructose 

1,6-bisphosphatase 
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Table 15. Effects of different test materials on specific activity (units/mg protein) of 

PC, G6PDH and FBPase of R. echinobothrida in vitro. Values are expressed as mean ± 

SEM (n = 4). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

l.b. Genistein 
(0.2) 

P 

3.a. Control 

3.b. PZQ 
(0.001) 

p 

Specific activity (units/mg protein) of 

G6PDH 

0.028 ± 0.002 

0.019 ±0.006 
(-32) 
<0.05 

0.034 ±0.001 

0.024 ±0.001 
(-27) 
<0.05 

0.04 ± 0.003 

0.031 ±0.004 
(-23) 
<0.05 

PC 

0.14 ±0.03 

0.2 ± 0.02 
(+43) 
<0.05 

0.15 ±0.02 

0.19 ±0.03 
(+27) 
<0.05 

0.18 ±0.01 

0.25 ± 0.03 
(+39) 
<0.05 

FBPase 

0.024 ± 0.002 

0.022 ±0.001 
(-8) 

N. S. 

0.024 ± 0.002 

0.023 ±0.001 
(-4) 
N. S. 

0.037 ±0.001 

0.032 ± 0.003 
(-14) 
N. S. 

Percentage increase (+) or decrease (-) in enzyme specific activity in treated worms from 

respective controls is given in parentheses. 

Specific activity of the enzymes was expressed as the units of enzyme activity per mg protein. 

Abbreviations are same as Table 14. 
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Table 16. Levels of trace elements (ug/g dry tissue wt) present in R. echinobothrida. 

Values are expressed as mean ± SEM (n = 5). 

Trace elements 

Calcium 

Chromium 

Manganese 

Cadmium 

Lead 

Nickel 

Iron 

Zinc 

Magnesium 

Concentration (fig/g dry tissue wt) 

393.8 ±13.54 

11.7±0.87 

BLD 

BLD 

23.5 ±2.13 

BLD 

1184.8 ±42.57 

387.1 ±7.42 

1395.9 ±32.86 

BLD - Below the level of detection 
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,2+ Table 17. Changes in the concentration of Ca (fxg/g dry tissue wt) at the time of 

paralysis caused due to treatment with different test materials in R. echinobothrida in 

vitro. Values are expressed as mean + SEM (n = 4). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein (0.2) 

P 

3.a. Control 

3.b. PZQ (0.001) 

P 

Ca^* ( f^g dry tissue wt) 

266.67 ±31.29 

136.59 ±6.54 
[49] 

<0.05 

266.67 ±31.29 

162.5 ±4.12 
[39] 

<0.05 

256.88 ±25.36 

142.12 ±5.86 
[45] 

<0.05 

Percentage decrease of Câ ^ concentration compared to respective controls is given in 

parentheses. 
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2+ Table 18. Effects of root-tuber peel extract of F. vestita, genistein and PZQ on Ca' 

efflux (^ig/g dry body wt/h) by R. echinobothrida into the culture medium. Values are 

expressed as mean ± SEM (n = 4). 

Treatment 
(mg/ml) 

l.a. Control 
(in 0.9% PBS) 
l.b. Crude peel 
extract (5.0) 

P 

2.a. Control 

2.b. Genistein (0.2) 
P 

3.a. Control 

3.b. PZQ (0.001) 

P 

Câ ^ efflux (fig/g dry body wt/h) 

12.2 ±0.56 

24.39 ±1.02 
(100) 

< 0.001 

12.2 ± 0.85 

26.56 ± 0.98 
(118) 

< 0.001 

15.59 ±0.45 

30.3 ± 0.79 
(94) 

<0.01 

Percentage increase of Ca efflux compared to the control is given in parentheses. 
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Fig. 4. Effects of different test materials on glycogen level (mg/g wet wt) in 
R. echinolMthrida. Values are plotted as mean ± SEM (n = 3). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 5. Effects different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of GPase a + b (total) and GPase a (active) in R. echinobothhda. 
Values are plotted as mean ± SEM (n = 3). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel; GPase - Glycogen 
phosphorylase 
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Fig. 6. Effects different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of GSase a + b (total) and GSase a (active) in R. echinobothrida. 
Values are plotted as mean ± SEM (n = 3). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel; GSase - Glycogen 
synthase 
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Fig. 8. Effects of different test materials on the concentration (pmoles/g wet wt) of different 
metabolites of glycolysis in R. echinobothrida. Values are plotted as mean 
± SEM (n = 3). 
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Fig. 9. Lactate efflux (pmoles/g body wt) by R. echinobothrida in the culture medium at 
paralysis time both in control and treated conditions. Values are plotted as mean 
± SEM (n = 3). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 



Hexokinase 

80 

Control 
Treated 

Phosphofructokinase 

CPE Genistein PZQ CPE Genistein PZQ 

Fig. 10. Effects of different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of hexokinase and phosphofructokinase in R. echinobothrida. 
Values are plotted as mean ± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 11. Effects of different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of phosphoenolpyruvate carboxykinase and pyruvate kinase in 
R echinobothnda. Values are plotted as mean ± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 12. Effects of different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of lactate dehydrogenase in R. echinobothrida. Values are plotted as 
mean ± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 13. Effects of different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of malate dehydrogenase in the homogenate and different sub-cellular 
fractions of R. echinobothrida. Values are plotted as mean ± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 14. Effects of different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of malic enzyme in the homogenate and different sub-cellular fractions 
of R. echinobothrida. Values are plotted as mean ± SEM (n = 5). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 15. Effects of different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of glucose 6-phosphate dehydrogenase in R. echinobothrida. Values 
are plotted as mean ± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 16. Effects of different test materials on tissue activity (units/g wet wt) and specific activity 
(units/mg protein) of pyruvate carboxylase and fructose 1,6-bisphosphatase in 
R. echinobothnda. Values are plotted as mean ± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 17. Physiological levels of some trace elements (pg/g dry tissue wt) present in 
R. echinobothnda. Values are plotted as mean ± SEM (n = 5). 
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Fig. 18. Effects of different test materials on Ca2+ level (pg/g dry tissue wt) 
in R. echinobothrida at the time of paralysis. Values are plotted as mean 
± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Fig. 19. Effects of different test materials on Ca2+ efflux (pg/g dry tissue wt) by 
R. echinobothnda into the culture medium. Values are plotted as mean 
± SEM (n = 4). 
CPE - Crude-peel extract of F. vestita; PZQ - Praziquantel 
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Figs. a-d. Rallietina echinohothrida: glycogen concentration in control and 
treated parasites. Photomicrographs; cross sections through mature 
proglottid. (Best's carmine method) 

a. Control, x 1100 
b. Crude-peel extract, x 1100 
c. Genistein. x 1100 
d. PZQ. xllOO 

Reduced stain intensity, noticeable in all treatments in comparison to 
control, is indicative of decline in glycogen concentration. 
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Figs. a-f. Rallietina cchinohothrida: hexokinase (HK) activity in control and 
treated parasites. Photomicrographs; cross sections through mature 
proglottid. (Meijer's method) 

a. Control- whole section, x 110 
b. Magnified view of a portion of the same, x 1100 
c. Crude-peel extract, x 1100 
d. Genistein- whole section, x 110 
e. Magnified view of a portion of the the same, x 1100 
f. PZQ. X 1100 

Increased HK activity is noticeable in all treatments in comparison to 
control. 



Plate 4 93 

Figs. a-f. RaUletimi echinohothrida'. lactate dehydrogenase (LDH) activity in 
control and treated parasites. Photomicrographs; cross sections 
through mature proglottid. (Jacobsen's method) 

a. Control- whole section, x 110 
b. Magnified view of a portion of the same, x 1100 
c. Crude-peel extract- whole section, x 110 
d. Magnified view of a portion of the same, x 1100 
e. Genistein. x 1100 
f. PZQ. X 1100 

Increased stain intensity, indicative of increased LDH activity, is 
noticeable in all treatments in comparison to control. 
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Figs. a-f. Rallietma cdiinohothrUla: malate dehydrogenase (MDH) activity in 
control and treated parasites. Photomicrographs; cross sections 
through mature proglottid, (after Pearse) 

a. Control- whole section, x 110 
b. Magnified view of a portion of the same, x 1100 
c. Crude-peel extract- whole section, x 1100 
d. Magnified view of a portion of the same, x 1100 
e. Genistein. x 1100 
f. PZQ. x 1100 

Increased stain intensity in all treatments (c-f) indicates enhanced 
MDH activity in comparison to control. 



DISCUSSION 

Aspects of carbohydrate metabolism as indicators of anthelminticity were taken 

into account while ascertaining the efficacy of phytochemicals derived from Flemingia 

vestita on Raillietina echinobothrida, the common cyclophyllidean cestode of domestic 

fowl, in the present study. In view of the well-established fact that the carbohydrate 

reserves in cestode parasites are greatly influenced by, and fluctuate in accordance with, 

the nutritional status (among other things) of their host, for each set of experiments the 

worm material (for treatment and control) was collected from a single host and thus 

separate controls were maintained. The results obtained in the present study are 

discussed vide infra with reference to the chosen parameters. 

Glycogen and its Metabolism 

Helminth parasites are known to contain large reserves of glycogen, which acts as 

a major energy store. Cestodes store large quantities of glycogen in the parenchyma 

(Smyth and McManus, 1989). The contents of glycogen in cestodes can range up to 50% 

or more of dry weight (Roberts, 1983). In R. echinobothrida, in the present study, the 

glycogen content was also found to be quite high, which averaged to about 66 mg/g wet 

wt of tissue. The amount of glycogen stored at a given time, however, is affected by a 

number of environmental factors and varies with the feeding cycle and physiological 

status of the host, the number of parasites present (crowding effect) and the stage of 

development of the worms (Ramanaiah and Agarwal, 1975; Conford et al., 1983; Beg et 
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al., 1996). The distribution of glycogen in polyzoic cestodes is also reflected as a 

ftinction of position down the strobila (Roberts, 1983). The glycogen gradient was found 

to be in order of mature > immature > gravid proglottids in cestodes of sheep (Tayal and 

Premvati, 1982). In R. cesticillus, the anterior halves of the strobila were found to 

contain higher glycogen concentration than the posterior halves and the glycogen 

content reduced by 45% overnight when the host was not feeding (Reid, 1942). In the 

present study, the glycogen level in the control parasite decreased significantly to about 

40-70% within 24 h of starvation (Table 2; Fig. 4) suggesting thereby that, as true for 

platyhelminths, carbohydrate is the prime source of energy in this cestode too (Roberts, 

1983; Bryant and Behm, 1989; Smyth and McManus, 1989). A number of anthelmintic 

agents have been shown to affect the glycogen concentration and metabolism in 

helminths (Van den Bossche, 1972; McCraken and Taylor, 1983; Bryant and Behm, 

1989; Sharma et al., 1990; Jain et al., 1992; Bose et al., 1994), though several others do 

not cause any such changes (Criado et al., 1987). Glycogen breakdown is maximally 

stimulated in the trematode parasite, S. mansoni, when treated with PZQ in vitro (Harder 

et al., 1987a). While no drug-induced effect in respect to glycogen content was 

demonstrable in S. mansoni from mice dosed with Ro 15-5458, a specific inhibitor of 

protein kinase C (Eschete and Bennett, 1990), schistosomes recovered from artemether-

treated hosts showed an increased activity of glycogen catabolism and decreased glucose 

uptake (Shuhua et al., 2000), thus exhibiting a helminthotoxic effect of this anti-malarial 

drug. Mebendazole (3.3 |j,M) caused glycogen depletion and inhibited glucose uptake in 

Avitellina lahorea in vitro (Ahmad and Nizami, 1987). In the present study, the 

glycogen concentration in R. echinobothrida was found to decrease significantly by 15-
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44% in the treated worms in comparison to controls (Table 2; Fig. 4). Histochemical 

demonstration of glycogen concentration in treated parasites in comparison to respective 

controls (Plate 2; Figs, a-d) also led to a similar inference. 

The decrease in glycogen content was accompanied by a significant increase in 

GPase a activity and decrease in GSase a activity in the parasite under different treated 

conditions (Table 3; Figs. 5 and 6). This suggests that the energy demand by the cestode 

was possibly enhanced imder the test conditions, leading to stimulation of 

glycogenolysis and inhibition of glycogenesis. The regulation of GPase by various 

metabolites in tapeworms is presumably similar to that described in the vertebrate tissue 

(Roberts, 1983). The anthelmintic imidazole enhanced the activity of GPase by 

inhibiting the action of glycogen phosphorylase phosphatase (which dephosphorylates 

the active form of GPase to become inactive form) in S. mansoni, thus causing depletion 

in the glycogen reserve of the fluke (Bueding, 1970). In contrast to this, 

chemotherapeutics like levamisole showed a different effect on glycogen metabolism in 

nematodes in vitro; in Litomosoides carina and A. suum the drug showed a decrease in 

the GPase activity and an increase in the activity of GSase (Komuniecki and Saz, 1982; 

Nelson and Saz, 1982; Donahue et al., 1983). However, even with the enhanced 

glycogenesis, the drug had an adverse effect by way of disrupting glycogen mobilization 

in the worms with diminished ATP levels due to flaccid paralysis induced by the drug. 

The GPase activity was foimd to be 25-30% higher in H. diminuta from amoscanate-

treated hosts (Nelson and Saz, 1983). During the treatment with crude-peel extract, 

genistein and PZQ, the activity of GPase a in R. echinobothrida increased by 29-39%, 
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from which it may be suggested that the phytochemicals, as also PZQ, have a promoting 

role in activation of this enzyme, hence causing a decrease in the glycogen content of the 

parasite. 

GSase and other enzymes for glycogenesis are present in cestodes as in mammals 

(Mied and Bueding, 1979; Barrett, 1981). GSase in H. diminuta is activated by inorganic 

phosphate, pyrophosphate and a variety of sugar phosphates including intermediates of 

the glycolytic pathway (Roberts, 1983). In the present study, the activity of GSase a in 

the freated worms was decreased by 36-59% in about 6 h post incubation (Table 3; Fig. 

6) i.e., the time when paralysis set in. It is interesting to note that the treatment in vitro 

of R. echinobothrida with the crude-peel extract of F. vestita, and its active principle, 

genistein affected only the active form of GPase and GSase enzymes, without causing 

any change in their total activities. Therefore, it appears that the changes of the 

phosphorylation status could be one of the possible mechanisms of regulation of these 

two enzymes, thereby converting the existing enzyme from inactive to active form and 

vice versa under the influence of the various treatments. It seems unlikely that treatment 

with the plant-derived components for a short period of time would affect these enzymes 

at the transcriptional level. Alteration in Ca concentration (as discussed vide infra) 

could be another means of enzyme regulation by activating the calcium-dependent 

protein kinases (BoUen et al., 1998). 
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Metabolites and Enzymes of Glycolytic Pathway 

Glucose 1-phosphate, released by the stimulation of glycogenolysis by increasing 

the activity of GPase a, is converted by the enzyme phosphoglucomutase to glucose 6-

phosphate to be metabolised further. Glucose and other simple carbohydrate molecules 

are transported by active transport, which has been demonstrated in H. diminuta adults 

(Phifer, 1960; Pappas et al., 1974; Read et al., 1974; Uglem, 1976) and larvae (Arme et 

al., 1973). Compared to the mammalian system, a modified form of metabolic pathways 

is reported to be present in cestodes (Smyth and McMannus, 1989). A highly active 

sequence of glycolytic enzymes has been demonstrated in several cestode species, thus 

confirming the presence of glycolytic pathway, the main energy-yielding pathway in 

them (Behm and Bryant, 1975; Beis and Barrett, 1979; McManus and Smyth, 1982). 

Glucose and other simple carbohydrates are the main energy source for cestodes and 

trematodes (Roberts, 1983; Bryant and Behm, 1989). In the present study, the intra­

cellular glucose content decreased by 36, 19 and 14% in the worms treated with the 

plant crude-peel extract, genistein and PZQ, respectively (Table 6; Fig. 8). This suggests 

that there is a need for more energy supply to the parasite under the various treatments. 

There was a significant decrease (20%) of glucose level in the 3 h- or 6 h- starved 

controls compared with the zero-time control, suggesting again that glucose is the major 

source of energy in the parasite. Drugs like PZQ, niclosamide and mebendazole were 

reported to cause changes in the catabolism of sugar towards homolactate fermentation 

as evidenced by the increased production of lactate in C. digonopora and inhibition of 

uptake of glucose by the parasite (Pampori et al., 1984). Inhibited glucose uptake and 
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increased production of lactate was also observed in L. ^«flj*i»\tigaied^^ 

antifilarial compounds, viz., 90/55 (7-oxo-l-phenyl-8, 14-dihydropyrido (3,4-b) imidazo 

(1,2-c) quinazolo (4,5-g) and 87/639 (6-Nitro-l-phenyl-9H-pyrido (3,4-b) indole at 0.5 

and 2.0 nM concentrations during in-vitro incubation for 2 h (Bose et al., 1994). PZQ 

enhanced the glucose uptake and lactate production at a concentration of 0.01 îM, while 

it inhibited the effect above 10 \xM in S. mansoni, while the other amphiphilic drugs 

caused the same effect at 100-fold higher concentrations (Harder et al., 1987b). In 

comparison, treatment wdth artemether reduced the lactate content in schistosomes (Xiao 

etal., 1998). 

The major aerobic and anaerobic end products in platyhelminth parasites are a 

variety of organic acids that are identified as succinate, lactate, acetate, ethanol, 

propionate, and malate (Rahman and Mettrick, 1982; McManus and Sterry, 1982; 

Barrett, 1984) and in several cases the fermentation end products are similar to aerobic 

(Vykhrestyuk et al., 1984). Glycogen content, glucose consumption and the production 

of metabolic end products by Calicophoron ijimai were determined under aerobic and 

anaerobic conditions and the major end products of fermentation were identified as 

lactic, acetic, propionic, isobutyric and alpha-methylbutyric acids with predominancy of 

propionic acid (Vykhrestyuk et al., 1984). Excretory products of carbohydrate 

metabolism in H. diminuta were also significantly altered depending on the gas phase 

and the presence of 5-hydroxytryptamine (Rahman et al., 1983). An isotopic study on 

the trematode, F. hepatica, showed a reduced production of propionate/acetate in the 

flukes treated with 0.1 mM serotonin (Matthews et al., 1986). Lactate, succinate and 
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acetate are the three major catabolic end products detected in H. diminuta (Watts and 

Fairbarin, 1974; Bennet et al., 1990), whereas in the pseudophyllidean Ligula intestinalis 

lactate is the main end product (Izvekova, 2000). Lactate is a product of glycolysis in the 

cytosol, whereas succinate and acetate are formed by reactions that take place in the 

mitochondria (Bennet et al., 1993). In the present study, significant levels of lactate, 

malate and alanine were found to be present in the if. echinobothrida tissue, with not 

much change in the concentration of these metabolites in the starved controls that were 

kept in vitro for 6 h or 3 h compared to zero-time control (Table 6; Fig. 8). On exposure 

to the crude-peel extract, genistein and PZQ, the lactate and alanine contents in the 

parasite tissue decreased by 20-31% and 7-25%, respectively in comparison to imtreated 

controls, whereas the malate concentration increased by 49-134% (Table 6; Fig. 8). 

There was significant increase in the lactate efflux in the incubation medium, as also in 

the net lactate production, by the parasite treated with the crude-peel extract and PZQ 

(Table 7; Fig. 9). More production of lactate, as also of the malate content, in if. 

echinobothrida under treated conditions might have resulted due to anaerobiosis, as 

suggested in some other cestodes under rapid muscular contraction (Smyth and 

McManus, 1989). More net total production of lactate in the case of parasites treated 

with crude-peel extract compared to the genistein treated parasites could be due to the 

fact that the crude-peel extract of F. vestita root peel contains other active components 

such as diadzein and formononetin in addition to genistein even though in very low 

concentration; these components perhaps bring about higher activity of the crude-peel 

extract than genistein alone. 
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Minor change in the pH of the incubation medium containing the crude-peel 

extract (Table 7) is suggested to be due to more efflux of lactate. The gradual 

deceleration of pH changes in the incubation medium probably suggests that a balance 

was established between the metabolic processes of ^. echinobothrida, accompanied by 

the excretion of lactate as an end product as suggested by Izvekova (2001). However, it 

also seems likely that this balance would be influenced by the various test materials used 

in the present study. 

Pyruvate was not detectable in both the controls and the treated parasites, though 

the presence of pyruvate as an end product of carbohydrate metabolism has been 

reported in L. intestinalis and C. digonopora (McManus and Sterry, 1982; Pampori et 

a l , 1984). 

Glycolytic enzymes, such as HK, PFK, aldolase, G3PDH, PK, PEPCK, LDH and 

ME have been reported to be present in cestodes (Arme and Pappas, 1983). Glycolysis, 

suggested to be the main energy-generating pathway with lactate as an end product 

(Omar et al., 1996), is considered to be a promising target for new drugs against 

trypanosomatid parasites, because this pathway plays an essential role in ATP supply 

(Lakhdar-Ghazal et al., 2002). Some of the enzymes related to glycolytic pathway are 

known to be regulated by allosteric modulators and some are by covalent modification 

of enzymes (Nelson and Cox, 2000). 
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Hexokinase 

HK, that catalyzes the transfer of a phosphoryl group fi-om ATP to glucose to form 

glucose 6-phosphate and ADP, is the first enzyme in the glycolytic pathway and is found 

in several cestodes (Smyth and McManus, 1989). Some carboline antifilarials, viz., 

90/55 (7-oxo-l-phenyl-8, 14-dihydropyrido (3,4-b) imidazo (1,2-c) quinazolo (4,5-g) 

and 87/639 (6-Nitro-l-phenyl-9H-pyrido (3,4-b) indole at 0.5 and 2.0 îM concentrations 

significantly lowered the HK activity but increased the activities of GPase, PFK and PK. 

These compounds also substantially inhibited glucose uptake and increased lactate 

concentration in L. carinii during in-vitro treatments (Bose et al., 1994). However, 

mebendazole (3.3 ^M) had no effect on HK in A. lahorea but influenced the activities of 

some glycolytic enzymes such as phosphorylase, phosphoglucomutase and G6Pase; it 

also caused glycogen depletion and inhibition of glucose uptake in vitro (Ahmad and 

Nizami, 1987). The oxidation of external ['"̂ CJ-labeled glucose at a concentration of 0.5 

mM in S. mansoni was reported to be inhibited by 80% in the presence of 5-thioglucose 

(20 mM) without inhibiting the conversion of endogeneous glycogen to lactate, thus 

suggesting that the inhibition of glucose oxidation occurred at the entrance of glucose 

into the cell and/or at the hexokinase reaction possibly by inhibiting the activity of 

hexokinase competitively (Tielens et al., 1985). In H. microstoma, the specific activity 

of HK, PFK and PK was not stimulated by 5-hydroxytryptamine, but CO2 fixation by 

PEPCK was inhibited (Rahman et al., 1982). The HK activity in the present study 

increased significantly by 33-39% in treatments with crude-peel extract, genistein and 

PZQ, respectively (Table 8; Fig. 10) as was also revealed to be so in histochemical 

demonstration (Plate 3; Figs. a-f). This suggests that more of glucose was utilized during 
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the treatments to yield more energy. 

Phosphofructokinase 

PFK, the pace maker enzyme of the glycolytic pathway, catalyzes the conversion 

of finctose 6-phopsphate to fructose 1,6-bisphopsphate and its activity is regulated by a 

number of compounds. The most potent activators of the liver fluke PFK were found to 

be fructose 2,6-bisphosphate and AMP (Kamemoto et al., 1987; Kamemoto and 

Mansour, 1986). PFK has been investigated in adult M. expansa and in plerocercoids of 

S. solidus (Beis and Theophilidis, 1982). In contrast to the mammalian enzyme, PFK in 

A. suum is activated by phosphorylation (Daum et al., 1986). In^. suum and F. hepatica, 

phosphorylation of PFK is catalyzed by a cAMP-dependent protein kinase (Thalhofer et 

al., 1988; Kamemoto et al., 1989; Kamemoto and Mansour, 1986) and inhibited by PFK 

dephosphorylating phosphatases (Daum et al., 1992). It is supposed that 

phosphorylation of PFK plays an important role in the regulation of carbohydrate 

metabolism, particiUarly glycolyitc pathway, in the filarial as well as the intestinal-

dwelling nematodes (Kulkami et al., 1987; Srinivasan et al., 1988). In the present study, 

the PFK activity increased by 125% in the PZQ-freated parasites, whereas 49 and 41% 

increase, respectively, was observed in the genistein- and crude-peel extract- treated 

parasites (Table 8; Fig. 10), indicating that the rate of glycolysis was also stimulated in 

the parasites vinder treated conditions. Although it is difficult to explain the possible 

mechanism(s) of stimulation of PFK in R. echinobothrida under all the treatments, a 

change in the phosphorylation status of this enzyme seems to be a plausible reason for 

the same. 
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Phosphoenolpyruvate Carboxykinase 

PEPCK, a rate-limiting enzyme at the branch point of phosphoenolpyruvate, has 

been reported from a number of cestodes such as M. expansa, H. diminuta and S. 

erinacei, etc. (Behm and Bryant, 1975; Moon et al., 1977; Fukumoto, 1985). It is 

believed that Moniliformis dubius (Acanthocephala) is the first invertebrate animal from 

which the PEPCK was purified (Cornish et al., 1981). PEPCK was also demonstrated in 

nematodes, namely Onchocerca volvulus, O. gibsoni and A. suum (Walter and Albiez, 

1986; Rohrer et al., 1986). In adult, F. hepatica PEPCK was shown to be the most 

important route for degradation of glucose (Tielens et al., 1987). In Setaria digitata, 

PEPCK and other glycolytic enzymes such as PK, MDH, ME, aspartate and alanine 

transaminases have been reported to be present in the cytosolic fraction, and the 

tricarboxylic acid cycle enzymes such as succinate dehydrogenase (SDH), fumarate 

reductase (FR), fiimarase (malate dehydration), MDH (malate oxidation and 

oxaloacetate reduction) and ME (malate decarboxylation) in the mitochondrial fraction 

(Banu et al., 1991). PEPCK's main role in cestodes has been shown in degradation of 

glucose molecule rather than synthesis of glucose through gluconeogenic pathway 

(Smyth and McManus, 1989). Protoscoleces of the horse and sheep strains of E. 

granulosus and the closely related E. multilocularis are shown to fix carbon dioxide via 

PEPCK (McManus and Smyth, 1982). However, in S. mansoni, experiments with 

inhibitors of PEPCK gave no indications that this enzyme is involved in the degradation 

of glucose, and it was confirmed that lactate was formed from phosphoenolpyruvate via 

the actions of PK and LDH (Tielens et al., 1991). hi C ijimai, high activities of PEPCK 

and MDH but relatively low activities of PK and LDH have been reported (Vykhrestyuk 
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et al., 1984). Involvement of PEPCK in glucose break down was also evidenced in 

Dipetalonema viteae (Christie et al., 1987). In the present study, the PEPCK activity was 

foimd to be high in R. echinobothrida, averaging to be about 18.85 units/g wet wt. in 

control parasite. The activity of PEPCK was fiirther stimulated by 49, 45 and 44% in the 

parasites treated with crude-peel extract, genistein and PZQ, respectively (Table 8; Fig. 

11). The lower concentration of pyruvate (below the level of detection), noticed in the 

present study, in the parasite can be explained in the light of higher activity of PEPCK 

over PK in controls as well as in all treatments. 

Pyruvate Kinase 

PK, another potential regulatory enzyme of glycolysis, converts 

phosphoenolpyruvate to pyruvate, and its possible modulators has been investigated in a 

number of cestodes (Smyth and McManus, 1989). The PK, glyceraldehyde-

phosphatedehydrogenase and phosphoglycerate kinase activities were inhibited by 

artemether both in male and female S. japonicum (Xiao et al., 1998). A marked 

inhibition occurred in the activity in PK, PEPCK and ATPase in the E. granulosus cyst 

wall on treating with mebendazole and albendazole, whereas PZQ had no effect, 

suggesting thereby that PK, PEPCK, and ATPase might be potential chemotherapeutic 

targets (Xiao et al., 1994; Xiao et al., 1995). Sumarmin, at a low concentration, caused a 

marked inhibition of most of the enzymes of phosphoenolpyruvate-succinate pathway in 

S. cervi (Hussain et al., 1990). Centperazine [developed by Central Drug Research 

Institute (CDRI), Lucknow, India] showed significant inhibitory action on PK, LDH, 

fiimarase and SDH, while the CDRI compound 72/70 showed significant inhibition of 
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PEPCK activity; Diethylcarbamazine and levamisole, however, were found to be more 

or less ineffective at a lower concentration against all the enzymes of glycolytic pathway 

(Hussain et al., 1990). The PK activity decreased by about 14-15% in R. echibothrida in 

treatments with genistein and PZQ, with 26% decrease in the case of crude-peel extract 

treatment (Table 8; Fig. 11). The lower activity of PK and the inhibitory action of the 

test materials corroborate the presence of very less concentration of pyruvate in the 

tissue of the parasite. Thus, the branch point of PEPCK/PK perhaps forms the basis of 

anthelmintic attack. 

Lactate Dehydrogenase 

LDH, which catalyzes the reversible terminal reaction in glycolysis with formation 

of lactate from pyruvate, has been demonstrated to be present in a number of cestodes, 

though the properties of the enzyme have been investigated in details only in 

Hymenolepis spp. (Burke et al., 1972). The existence of structural and kinetic 

differences between the LDH isoenzymes of the host and parasitic origins, as revealed in 

the filaroid Molinema dessetae, makes the latter potential chemotherapeutic targets 

(Marchat et al., 1996). Many anthelmintics are believed to be working via alteration in 

the activity of the parasite LDH. For example, benzimidazoles (mebendazole, 

fenbendazole and albendazole etc.) act primarily via activation of LDH, catalyzing the 

conversion of pyruvate to lactate (Veerakumari and Munuswamy, 2000). 

Parachloromercuribenzoate and iodoacetate affected the LDH activity of the digenetic 

trematodes, Gigantocotyle explanatum and Gastrothylax crumenifer and their host 

(ruminant mammals) tissues differently (Haque et al., 1990). Artmether, a derivative of 
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the plant, Artemesia and well known for its antimalarial properties, was shown to exert a 

potent inhibitory action on the LDH and G6PDH activities in S. japonicum pCiao et al., 

1999). Filarin (a drug used in Siddha medicine) and diethylcarbamazine inhibited 

pyruvate reduction rather than lactate oxidation in 5. digitata by altering the activity of 

LDH (Banu et al., 1989). The activities of both LDH and MDH were strongly inhibited 

by suramin in adult O. volvulus (Walter and Schulz-Key, 1980). Treatments with 

hetrazan, levamisole and tetramisole of the adult S. cervi worms revealed the decreased 

activities of G6Pase, FBPase, LDH and ATPase (Khatoon et al., 1983). LDH was not 

affected significantly by levamisole, albendazole and parbendazole in Ascaridia galli 

and Heterakis gallinae, but levamisole completely inhibited the MDH activity in both 

directions in these two parasites (Sharma et al., 1987, 1989). With treatment of isatin, 

the alkaline phosphatase and LDH activities decreased and the acid phosphatase activity 

increased in the metacestodes ofE. multilocularis, in which glucose and glycogen stores 

also declined significantly (Delabre-DefayoUe et al., 1989). In R. echinobothrida, the 

activity of LDH increased by 67% in genistein treatment but by 55% and 58% in 

treatments with crude-peel extract and PZQ, respectively (Table 8; Fig. 12). 

Histochemically also alteration in the total LDH activity under the influence of the 

various treatments was demonstrable (Plate 4; Figs. a-f). The possible higher activity of 

LDH can be explained by the formation of pyruvate by the increased activity of 

cytosolic ME (by oxidative decarboxylation of malate), as the parasite contains less 

concentration of pyruvate. The increased net production of lactate in the parasite tissue 

under various treatments also corroborates it. 
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Malate Dehydrogenase 

The presence of MDH, which converts oxaloacetate to malate, has also been 

demonstrated in several cestodes (Smyth and McManus, 1989). Drugs like 

oxyclozanide, hexachlorophene, nitroxynil, rafoxamide and diamphenethide inhibited 

the MDH activity in trematodes F. gigantica, F. buski and Paramphistomum explanatum 

(Probert et al., 1981). Assay of MDH, following the in-vitro treatment with 

cambendazole and tiabendazole, exhibited moderate inhibition of the enzyme activity in 

both H. gallinae and A. galli, but haloxon had little effect on any of them (Sharma et al., 

1986). High levels of MDH were fovmd in Trichuris ovis and the activity of soluble 

MDH was greater than that of the mitochondrial one (Sanchez-Moreno et al., 1989). 

Host and parasite MDH activities were both inhibited by a series of benzimidazoles and 

pyrimidine-derived compounds, some of which markedly reduced only the parasite 

enzyme activity, but not host enzyme activity (Sanchez-Moreno et al., 1987, 1989; 

Tejada et al., 1987). Diethylcarbamazine citrate did not change appreciably the activity 

of either mitochondrial MDH or mitochondrial ME, while filarin, a drug of herbal 

origin, effectively inhibited mitochondrial MDH in S. digitata. The leaf extracts of 

Ocimum sanctum, Lawsonia inermis and Calotropis gigantea and leaf and flower 

extracts of Azadirachta indica were, however, found to inhibit both mitochondrial MDH 

and mitochondrial ME (Banu et al., 1992). The MDH activity was suppressed by 

mebendazole, albendazole and PZQ, the inhibition rates being 34.6-61.6, 59.8 and 

50.6%, respectively, but with no apparent effects on SDH and FR activities in the E. 

granulosus cyst wall (Xiao et al., 1993). The cytosolic fraction of MDH from the ovine 

liver E. granulosus protoscolices was not inhibited by p-hydroxymercuribenzoate or 
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fumarate but mebendazole and fructose 1,6-bisphosphate inhibited the enzyme (Vessal 

and Tabei, 1996). In the present study, the MDH activity in R. echinobothrida increased 

in all the treatments. The activities of mitochondrial and cytosolic MDH in R. 

echinobothrida were shown to be altered following treatments with all the test materials 

(Table 10; Fig. 13). The MDH activity in the tissue homogenate was found to be 

increased by 22, 25 and 43% in treatments with crude-peel extract, genistein and PZQ, 

respectively; the increase was 47, 43 and 73% in the mitochondrial fraction and 36, 33 

and 58% in the cytosolic fraction. The intensity of stain of formazan particles, which is 

indicative of the enzyme activity, increased significantly in all the treatments in 

comparison to the control (Plate 5; Figs. a-f). The increase in the activity of MDH can be 

attributed to the increase in the concentration of malate in the tissue of the parasite. 

Malic Enzyme 

ME, the NAD-malic enzyme, catalyzes the divalent metal ion-dependent oxidative 

decarboxylation of L-malate to yield CO2, pyruvate and the reduced dinucleotide. And 

with reference to cestodes, it has been most investigated in H. diminuta (Fioravanti and 

Saz, 1980; Roberts, 1983). ME (NADP(H)-dependent) was demonstrated to be present 

in the cytosol and mitochondria of both juvenile and adult F. hepatica (Tielens et al., 

1981,1987). Suramin was found to inhibit the activity of ME in filarial worms. The ME 

activity has been evidenced in the cytoplasm and mitochondria of Taenia crassiceps 

larvae (Zenka and Prokopic, 1987) and also in the juvenile and adult Fasciola flukes 

(Tielens et al., 1989). Most of the anthelmintic compounds synthesized by the Central 

Drug Research Institute, were not found to inhibit ME in H. diminuta (Wani and 
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Srivastava 1994). The activity of ME in the tissue homogenate, mitochondrial and 

cytosolic fractions of ^. echinobothrida was also observed; the ME activity in the tissue 

homogenate was found to increase by about 28% in treatments with crude-peel extract 

and genistein and by 25% in treatment with PZQ in comparision to controls (Table 12; 

Fig. 14). While there was no significant increase in the activity of ME in the 

mitochondrial fraction, the enzyme activity increased by 36, 39 and 33% in the cytosolic 

fraction with these treatments. The higher activity of cytosolic ME is likely to increase 

the pyruvate concenfration, which is perhaps immediately converted to lactate and 

excreted out by the higher activity of LDH (Fig. 1). 

EtiTymes of other Metabolic Pathways 

Scanty information is available regarding the pentose phosphate pathway in 

cestodes. Its main role is not to provide ATP but NADPH for fatty acid synthesis and 

pentoses (particularly D-ribose 5-phosphate) for nucleic acid synthesis (Smyth and 

McManus, 1989). A complete sequence of enzymes for pentose phosphate pathway has 

been demonstrated only in larval E. granulosus (Agosin and Aravena, 1960). However, 

the first two enzyme of the pathway, namely G6PDH, which involves formation of 6-

phosphogluconate from glucose 6-phosphate, and 6PDH have been reported in several 

cestodes, both pseudophyllidean and cyclophyllidean (Korting and Barrett, 1977; 

McMannus and Sterry, 1982; Roberts, 1983). The presence of significant activity of 6-

PDH in the nematode O. fasciata and G6PDH in Angiostrongylus cantonensis indicates 

that the pentose phosphate pathway might be operative in helminths (Shih and Chen, 
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1982; Omar et al., 1996). Histochemically, G6PDH, PFK and G3PDH were 

demonstrated in the hypodermal tissue, somatic muscle and reproductive organs of the 

adult female O. fasciata, indicating that both the glycolytic and pentose phosphate 

pathways are active in various tissues of the worm (Omar and Raoof, 1994b). 

Thiophenate also caused an increase in the activities of G6PDH, GDH and nonspecific 

esterases and a decrease in reduced nicotinamide adenine dinucleotide phosphate 

diaphorase (NADPH-d) activity. In comparison, the activities of G6PDH, NADPH-d, 

cytochrome oxidase, monoamine oxidase and nonspecific esterase enzymes remained 

unaltered in the epitheliimi due to fenbendazole treatment, whereas the GDH activity 

got inhibited in Haemonchus contortus, the trichosfrongylid (Kaur and Sood, 1992). 

The G6PDH activity in R. echinobothrida was found to decrease by 31, 28 and 23% in 

all the treatments, i.e., with the crude-peel extract of F. vestita, genistein and PZQ, 

respectively (Table 14; Fig. 15). In histochemical demonstration also the intensity of 

formazan particles decreased significantly in all the freatments in comparison to the 

control (Plate 6; Figs. a-f). Decrease in the activity of G6PDH, which is the regulatory 

enzyme of the pentose phosphate pathway, shows that the parasite employs its metabolic 

pathway primarily for the formation of reduced NADPH for energy yielding and not for 

the biosynthetic purpose under the treatment conditions. 

The three gluconeogenic enzymes, namely PC (which is involved in anaplerotic 

reactions in mitochondria and gluconeogenesis), FBPase (which dephosphorylates the 6' 

phosphate from finctose 1,6-bisphosphate) and G6Pase (which dephosphorylates the 

glucose 6-phosphate) have been reported in several cestodes (Pampori et al., 1985; 
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Tielens et al., 1991; Omar and Raoof, 1994a; Unnikrishnan and Raj, 1995). The 

function of this pathway is under scrutiny in cestodes. The activities of PC, FBPase and 

G6Pase along with PEPCK were demonstrated in homogenates of adult S. mansoni; all 

the four gluconeogenic enzymes were found to be present in the worm, though 

experiments with '''C-labelled substrates failed to demonstrate the actual occurrence of 

gluconeogenesis in the parasite (Tielens et al., 1991). In the present study, the activity of 

PC in the cestode R. echinobothrida increased by 32-44% in all the treatments with the 

test materials (Table 14; Fig. 16). 

The purified brush border membrane of the cestode C. digonopora showed the 

presence of a number of phosphohydrolases including the FBPase. The treatment of 

isolated brush border membrane with mebendazole, niclosamide and PZQ in vitro did 

not alter the activity of these enzymes, though treatment of intact worms drastically 

affected the integrity of the membrane (Pampori et al., 1985). The decreased activities of 

FBPase, LDH, G6Pase and ATPase were also evidenced in the drug-treated adult S. 

cervi worms (Khatoon et al., 1983). In the present study, the presence of FBPase was 

demonstrated, but there was no significant change in the activity of the enzyme under 

different treatments (Table 14; Fig. 16). Significant increase of activity of most of the 

gluconeogenic enzymes, except for FBPase, by all the test materials in R. 

echinobothrida could be an indication that the glucose production by gluconeogenic 

pathway was affected by all the test materials. 
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Trace Elements 

Trace elements like calcium, copper, manganese, magnesium, lead, iron, nickel, 

zinc and potassium are reported to be present in some helminth parasites, viz., 

amphistomid trematodes (Tandon and Roy, 1994), nematode (Barus et al., 1999; Tenora 

et al., 1999, 2000) and cestodes (Barus et al., 2000; Tenora et al., 2000). hi R. 

echinobothrida, in the present study, some trace elements were also detected, of which 

the concentration of magnesium was found to be the highest (-1400 ^g) and that of 

chromium, the lowest (-12 ^g), while manganese, cadmium and nickel were below the 

level of detection (Table 16; Fig. 17). 

Ca^ ,̂ which is stored in calcareous corpuscles of many cestodes especially the 

larvae, is intimately involved in both muscle contraction and many aspects of cell 

movement controlled by the cytoskeleton (Bryant and Behm, 1989). Some enzymes, like 

GPase, GSase and protein kinases, are allosterically regulated by various modulators, 

where Ca^^ plays a key role (BoUen et al., 1998) and also in membrane internalization 

(Ribeiro et al. 1998). PZQ, calcium ionophore A-23187 and the benzodiazepine Ro 11-

3128 disturbed the calcium homeostasis and caused paralysis in S. mansoni and also in 

cestodes (Bryant and Behm, 1989). Though PZQ clearly affects Ca^^ homeostasis in 

schistosomes, the mode of action of PZQ is yet unknown, and possibly it interacts with 

the schistosome voltage-gated Ca^^ channels (Kohn et al., 2001). PZQ is reported to 

94-

interact with specific Ca -permeable sites in the tegumental and sarcoplasmic 

membranes of S. mansoni (Blair et al., 1992). In vitro, PZQ is reported to stimulate 
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verapamil insensitive Ca transport channel and to promote Ca liberation from 

calcareous corpuscles in larvae of T. pisiformis (Martinez et al., 1992). However, Cunha 

and Noel (1997) discarded the mechanism of PZQ-induced contraction of S. mansoni. 

Besides muscle contraction, Ca and Mg are reported to influence different enzyme 

activities, namely, ME, FR, NADH oxidase, SDH, fiunarase and NADPH:NAD 

transhydrogenase in H. diminuta (Wani and Srivastava, 1994). In the present study, a 

significant amount of Câ ^ (350-400 |jg/g dry tissue wt) was foimd to be present in 

control parasites (Table 16). However, a significant decline in the tissue Ca , ranging 

between 39-49% as compared to control, was perceptible in the parasites exposed to all 

the test materials (Table 17; Fig. 18), which was accompanied by more efflux of Ca 

into the medium (Table 18; Fig. 19), though the total Câ ^ contents (in the tissue and 

medium) remained the same before and after the treatments. 

Chemotherapeutics like PZQ are known to cause vacuolization and disruption of 

the surface tegument and also muscular paralysis in several parasite species (Andrews, 

1978; Pax et al., 1978; Coles, 1979; Nelson and Saz, 1983; Shuhua et al, 2000). Such a 

change in the tegumental architecture has been attributed to the levels of Ca 

concentration in the transmembranous ion influx consequent to exposure to the drug 

(Schmahl and Mehlhom, 1985; Sobhon et al, 1986). In vitro, PZQ (1 mM) caused 

vacuolization, muscle contraction and ultimately paralysis in S. mansoni (Bricker et al., 

1983). In adult liver flukes, Opisthorchis viverrini, PZQ was reported to cause 

depolymerization of the microtrabecular network that leads to vacuolization, swelling, 

blebbing, and tegumental disorganization and breakdown of myofilaments in the muscle 
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cells through the induction of Ca influx (Apinhasmit and Sobhon, 1996). The prime 

effect of PZQ is to permit non-selective movement of Câ ,̂ even though it is not an 

ionophore (Pax et al., 1978; Fetterer et al., 1980). Treatment of R. echinobothrida in 

vitro with F. vestita crude-peel extract and its active principle also caused alterations in 

tegumental organization of the parasite (Pal and Tandon, 1998a). 

Considering that altered ionic influx of Câ ^ may accoimt for these changes in the 

cestode, changes in the activity of the some key enzymes of glycogen metabolism and 

glucose metabolism may also be related to Câ * efflux consequent to permeability 

changes following exposure to the plant-derived components, which ultimately 

influences the energy-yielding pathways, glycolysis in particular, to derive more energy. 

This result is in conformity with the decline in the glucose content and a significant rise 

in malate and lactate content/production under treated conditions, thus suggesting that 

the energy demand in the parasites possibly gets enhanced under stress, but the plant-

derived components do not influence a switch over towards aerobic degradation of 

glucose in the parasite. 

Conclusion 

From the results obtained, it can be hypothesized that due to the high energy 

demand of the parasite because of the anthelmintic stress following exposure to the plant 

crude-peel extract and genistein, the process of glycogenolysis and glycolysis got 

activated on the expense of other metabolic pathways of glucose utilization by 
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regulating some key enzymes of these pathways. The low activities of LDH and PK, 

and high activities of MDH and PEPCK suggest that anaerobic carbohydrate catabolism 

follows the FR pathway (Vykhrestyuk et al., 1984). In the present study, the PEPCK 

activity was increased and the PK activity decreased under various treatment conditions, 

thus suggesting that the glucose breakdown followed the PEPCK-malate pathway. Thus 

from the results obtained from various in-vitro experiments, it may be postulated that the 

phytochemicals of F. vestita, which seem to have tegumental interface as the primary 

target, also influence carbohydrate metabolism towards PEPCK-malate formation in the 

cestode, R. echinobothrida. In view of the differing primary functions of PEPCK in 

cestodes and their hosts, this enzyme might be selectively inhibited and thus provide an 

avenue for anthelmintic attack as suggested by Reynolds (1980). The phytochemicals of 

F. vestita, genistein in particular, may be acting upon PEPCK, the latter being one of the 

several other secondary drug targets in respect of cestode parasites. 



SUMMARY 

The present work incorporates a study on the anthelmintic efficacy of Flemingia 

vestita Benth and Hooker (Family Fabaceae), a leguminous plant, the tuberous roots of 

which have a usage as vermifuge or vermicide in the indigenous traditional system of 

medicine in Meghalaya (Northeast India). In earlier studies, the root tuber peel extract of 

this plant and its major active component, genistein, were shown to cause flaccid 

paralysis and to be acting transtegumentally in trematode and cestode parasite. With a 

view to investing further the mode of action of these putatively anthelmintic 

phytochemicals, the crude-peel extract of F. vestita, genistein and the reference drug 

PZQ were tested in vitro against the cestode, Raillietina echinobothrida, in respect to the 

carbohydrate metabolism, the major energy yielding pathway in helminth parasites. 

Alterations in: 

* glycogen level; 

* activities of glycogen phosphorylase (GPase) and glycogen synthase 

(GSase), both active and total; 

* physiological levels of some metabolites - glucose, lactate, pyruvate, 

malate and alanine; 

* activities of some regulatory glycolytic enzymes - hexokinase (HK), 

phosphofhictokinase (PFK), pyruvate kinase (PK), phosphoenolpyruvate 
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carboxykinase (PEPCK), lactate dehydrogenase (LDH), malate 

dehydrogenase (MDH) and malic enzyme (ME); 

• activities of glucose 6-phosphate dehydrogenase (G6PDH), pyruvate 

carboxylase (PC) and fructose 1,6-bisphosphatase (FBPase) and 

* physiological levels of some trace elements and changes in Câ ^ 

concentration, in particular 

in treated parasites in comparison to controls form the parameters of this study. Standard 

techniques were used for biochemical assays and histochemical demonstrations of the 

mentioned parameters. 

1. R. echinobothrida were collected in 0.9% PBS (pH 7.2) from freshly slaughtered 

domestic fowl and incubated at 39 ± 1 °C with defined concentration of crude-peel 

extract (5 mg/ml), genistein (0.2 mg/ml) and PZQ (1 ng/ml) with simultaneous 

maintenance of controls till the onset of paralysis. Control parasites survived upto 

72 h, whereas in the treated parasites paralysis set in about 5.9 h, 6.7 h and 2.9 h in 

case of crude root peel exfract, genistein and PZQ, respectively. The treated 

parasites and controls were taken for various experiments. 

2. After exposure to the plant crude-peel extract of F. vestita and genistein, the 

glycogen concentration was found to decrease by 15-44% in the parasites 

compared to their respective controls. The decrease in the physiological level of 
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glycogen was accompanied by an increase in the activity of GPase a by 29-39% 

and a decrease of activity of GSase a by 36-59% in treated parasites as compared 

to untreated controls, though without affecting the total activity of both the 

enzymes. PZQ also caused quantitative reduction in glycogen level and alterations 

in enzyme activities somewhat at par with the genistein treatment. 

3. The glucose content in the treated worms decreased by 14-36%, whereas malate 

concentration increased by 49-134% as compared to controls. Both in controls and 

treated parasites, however, pyruvate content was not measurable, while alanine and 

lactate contents showed a decline by 7-31% in the parasites exposed to all test 

materials. Besides, the lactate content as effluxed into the incubation medium 

showed an increase of 9-44% in the case of treated parasites indicating an overall 

increase of lactate production. 

4. While some enzymes of the glycolytic pathway showed an increase in their 

activities following exposure of the parasites to the various treatments, others 

showed a decline. The activities of HK, PFK, PEPCK and LDH increased by 33-

39%, 41-125%, 44-49% and 55-67%, respectively and that of PK decreased by 14-

26% in all treatments in comparison to the respective controls. 

5. The cytosolic MDH got activated by 33-58% whereas mitochondrial MDH 

increased by 43-73% in the treated parasites. The MDH activity of in the tissue 
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homogenate was also found to be higher by 22-43% in treatments with crude-peel 

extract, genistein and PZQ. The ME activity in the tissue homogenate was foimd to 

be increased by 28-59% in the treated parasites; while the cytosolic ME activity 

showed an increase by 33-39%, there was no enhancement in mitochondrial ME 

activity. 

6. The key regulatory enzyme of pentose phosphate pathway, G6PDH, was found to 

decrease by 23-31% in various treatments. FBPase, the enzyme of 

gluconeogenesis, did not show any changes during the treatment conditions while 

the activity of PC was significantly increased by 32-44% in treated parasites in 

comparison to the controls. 

7. Using atomic absorption spectrophotometry, some trace elements, namely, lead (~ 

25 |ag/g dry tissue wt), iron (~ 1200 ng/g dry tissue wt), zinc (~ 400 |j,g/g dry tissue 

wt), magnesivim (-1400 ng/g dry tissue wt), calcium (~ 400 \ig/g dry tissue wt), 

chromium (-12 \xg/g dry tissue wt) were detected in the cestode while manganese, 

cadmium and nickel were below level of detection. 

8. The calcium concentration in the parasite tissue was found to decrease by 39-49% 

following with the test materials though the calcium concentration in the 

incubation media containing the test materials was fovind to increase by 94-118%, 

indicating thereby an efflux of Câ ^ fi-om the parasite under the treatment itself 
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From the results obtained it can be hypothesized that due to the high energy 

demand of the parasites because of anthelmintic stress following exposure to the plant 

crude extract and genistein, the process of glycogenolysis and glycolysis got activated on 

the expense of other metabolic pathways of glucose utilization by regulating some key 

enzymes of these pathways. Changes in the homeostasis of Câ ^ could be one such 

regulating mechanism in the cestode parasites. The PEPCK/PK branch point provides an 

important clue for the switch over to the phosphoenolpyruvate-succinate pathway for the 

glucose metabolism and thus an avenue for anthelmintic attack. The phytochemicals of 

F. vestita, therefore, seem to influence the carbohydrate metabolism of the cestode, 

which may be a secondary target of action, the primary target being the tegumental 

interface of the parasite. 
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Abstract 

The edible root-lubcr peel of l-'Iciiiiniiid re.siiKi and its major active component, genistein, have been earlier shown 
to have a vcrmilugal/vcrmicidal ciTcci on cestodes in viiro by causing a flaccid paralysis and alterations in the 
tegumental archilcclure and activity of several enzymes associated with the tegumental interface of the parasite. 
Pursuing further investigation on the mode of action of this putative anthelmintic, the crude peel extract and pure 
genistein were further tested in respect of glycogen metabolism in the fowl tapeworm, Raillielina echinobothrida. On 
exposure to the plant root peel crude extract (5 mg/inl) and genistein (0.2 mg/ml), the glycogen concentration was 
found to decrease by 15-44%, accompanied by an increase of activity of the active form of glycogen phosphorylase 
(GPa.se a) by 29-39% and decrea.se of activity of the active form of glycogen synthase (GSase a) by 36-59% in 
treated parasites as compared to untreated controls, but witliout affecting the total activity (« + b) of both the enzymes. 
Praziquantel (I |i,g/ml), the reference drug, also caused quantitative reduction in glycogen level and alterations in 
enzyme activities somewhat at par with the genistein treatment. These results suggest that this plant-derived component 
may influence the glycogen metabolism of the parasite by directing it towards utilization of glycogen. 
© 2003 Elsevier Science Ireland Ltd. All rights reserved. 

Keywords: Raillielina echinohothrida: Glycogen phosphorylase; Glycogen synthase; I'leniinfiia reslila; Anthelmintic; Genistein; 
Praziquantel; Phytochemical 

The edible root-tuber peel of riciiiiii,i>i(i iciliia 

(Fabaceae) , an iiidigcnous Icguiuiiious plant of 
Meghalaya, is conventionally used in local tradi­
tional medicine as an anthelmintic against intesti­
nal worms. The active principles of (he root-tuber 
peel extract were isolated by Rao and Reddy [ I ] . 

•Corresponding author. Tel.: +91-364-255010.5/2551508; 
fax: +91-364-2550300/2550108. 

E-mail addres.i: landonveeiui@hotinail.com (V. Tandon). 

The crude extract of the rool-lubcr peel of F. 
reslila and its major active isollavonc component, 
genistein, have been shown to have a vermifugal/ 
vcrmicidal effect on RaiUieliiui echinobothrida, 
ccstodc of domeslic fowl, in vitro by causing a 
tlaccid paralysis accompanied by alterations in the 
tegumental architecture [2,3]. Alterations were also 
observed in the activity of several enzymes asso­
ciated with the tegumental interface and nervous 
coordination of this ce.stode [4,5]. 

1383-5769/0.3/$ - see front matter '© 2003 F.Nevicr Science Irchuul Ltd. All rijilils reserved, 
doi: 10.1016/S1383-5769(1)3 )()0l)()fi-() 
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With a view to understanding the mode of acliofi 
of these plant-derived components, it seems desir­
able to further investigate their effect on the 
energy-yielding pathway in the parasite. Willi lim-
Uod ability to uxctaboU/.c lipids and aiv\iuo acids;, 
ceslodes and trematodes mainly ferment glucose 
and other simple carbohydrate molecules to meet 
their energy requirements [6]. The carbohydrate 
occurs mainly as glycogen in both larval and adult 
cestodes, which serves typically as the most impor­
tant energy reserve. Several chemotherapeutic 
agents have been shown to influence glycogen 
metabolism in helminths [7]. 

The two key regulatory enzymes in glycogen 
metabolism are glycogen phosphorylase (1,4-a-i?-
Glucan: orlhophosphale a-n-glucosyltransfcrasc, 
EC 2.4.1.1, GPase) and glycogen synthase (UDP 
glucose: glycogen 4-a-glucosyltransferase, EC 
2.4.l .II, GSase). The degradation and synthesis 
of glycogen are regulated depending upon the 
energy need under various physiological conditions 
mainly by regulating the activity of these two 
enzymes that are normally present in two forms— 
active {(i) and inactive (/?), which are intercon-
verted by phosphorylation by protein kinase, and 
dephosphorylation by protein phosphatase [8]. The 
presence of GPase activity and glycogenesis in 
cestodes have been reported in vitro [9]. The 
glycogen content and the activity of these two 
enzymes form the parameters for the present study-

Live specimens of R. ecliinohoiliricki were col­
lected from the intestine of freshly slaughtered 
domestic fowl at local abattoirs in 0.9% phosphate 
buffered saline (PBS, pH 7.2). The alcoholic crude 
root-tuber peel extract of F. lesliin was obtained 
as reported previously [21. Gcnistcin was obtained 
from Sigma Chemicals (Code no. 6649). Prazi­
quantel (PZQ, Droncit), a broad-spectrum cesto-
cide, served as the reference drug. All enzymes, 
cu-cn/.ywics and substrates were eiliicr obtained 
from Sigma Chemicals (St. Louis, USA) or Si,sco 
Research Lab (Mumbai, India). All other reagents 
used were of high quality and obtained from 
indigenous sources. 

The worms ( = 0.2 g fresh wt.) were incubated 
in 5 ml of the medium at 38+1 °C with 5 mg/ 
ml crude peel extract, 0.2 mg/ml genistein and 
0.001 mg/ml PZQ dis.solved in dimcthylsulfoxidc 

(DMSO, final concentration 1% in PBS), with 
simultaneous maintenance of controls for each 
treatment kept in PBS containing 1% DMSO. The 
concenlralions of Ihc test materials were dclcr-
luiiicd on the basis u( a previous study, wherein 
they were shown to cause paralysis in 5.9 + 0.05, 
6.7 + 0.04 and 2.9 + 0.05 h, respectively, while the 
controls survived in vitro for 72 + 0.05 h [2]. For 
each set of treatment cestodes were taken from a 
single host. 

Alkali-.soluble glycogen was estimated using 
anthrone reagent following the method of Seifter 
et al. [10]. For enzyme extract and assay 10% 
homogenate (w/v) of the treated worms and con­
trols was prepared as per the procedure of Russel 
and Storey [ I I ] . The homogenate was ccnirifuged 
at lOOOOXg al 0 + 2 "C for 10 min and the 
supernatant was used for enzyme activity deter­
minations. GPase was assayed spectrophotometri-
cally (Beckman DU 640) following the method of 
IVIoon et al. [12]; the reaction mixture also con­
tained 10 MiM caffeine for measurement of GPa.sc 
a alone. GSase was also assayed speclrophoto-
mclrically following the method of Passoneau and 
Roltcnberg [13]: the reaction mixture did not 
contain 5 niM glucose 6-phosphate while measur­
ing the GSase a activity alone. Percent GPase a 
or GSase a represents the ratio of the active form 
to the total ia + b) enzyme X 100. 

Following treatment with root peel extract and 
genistein, paralysis ensued after approximately 6 
h of incubation, whereas in PZQ-containing medi­
um paralysis set in after 3 h of exposure. Table I 
shows the glycogen content in the control and 
treated parasites. The physiological level of gly­
cogen in the parasite was found lo be quite high 
and averaged to approximately 66 mg/g wet wt., 
which decreased significantly 12 h onwards post 
incubation in controlled condition. The glycogen 
level in the parasite decreased significantly com­
pared to the respective controls at different hours 
of treatment. The contents of glycogen in cestodes 
can range up to 507r or more of dry wt. [7]. The 
amount of glycogen stored at a given lime, how­
ever, is affected by a number of environmental 
factors and varies with the feeding cycle and 
physiological status of the host, the number of 
parasites present (crowding effect) and the stage 
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Table 1 
Ellects of lOOt-lubei peel CXII.ILI <>I / ; o///(/, gcnislcin and IV.Q on glycogen conlcnt (nif/g vvcl \vt ) in l< C(luiu)br)ilin(la in vitro 

Treatment 

(nig/nil) 

la Control (in 
1 b Crude peel 

(5 0) 

2a Control 
2b Genistein 

(0 2) 

3a Control 
^h PZQ 

(0 001) 

0 9% PBS) 
extiact 

ConLcnliation ol 

0 h 

66 53 ±4 17 
-

65 74 ±4 44 
-

• 
67 56 ±5 00 
-

glycogen' 

1 l i 

_ 
-

-
-

1 

post 

63 78 ±3 59 
51 
( -

16 + 3 91' 
20) 

incub.ilion 

6h 

56 97 ±4 41 
47 93 + 2 32' 
( -16) 

57 28±4 12 
48 83+1 94' 
( -15) 

4542 + 290' 
32 53 + 044' 
( -28) 

12 1) 

3604 + 264' 
20 2412 73*' 
( -44) [-46] 

40 14+1 62' 
26 19±2 18" 
( -35) [-39] 

_ 
_ 

24 h 

209 + 271-
14 54±2 05' 
( -30) [-69] 

25 89 + 3 36-
18 74±1 36' 
( -28) [-61] 

_ 
_ 

Values are expicsscd as incan + SRM ((i = 3) ' - / ' value signilitani al ^005 and <001, rcspcclncl) in starved controls 
cotupaicd with ihc 0 li loiihni '' /' \aliii sij'iiilKanI ,il ' 0 05 and -'0 01. ii spi i livi ly, in In ainu nis (ump.iii d willi llii-)r rcspcLlivi-
LOiiliols 

' Percentage decrease (—) in glycogen content in treated woims fiom respective controls is given in parentheses and that to 0 h. 
m square brackets 

** Glycogen content in treshly recovered parasite 

of development of tiie woinis [14] In ihe piesent 
study, a signilicant decieiise in the glycogen level 
in the contiol paiasile to appioxiniately 40-70% 
within 24 h of staivalion suggests thai, as liuc lot 
platyhelminths, caibohydiate is the piime souicc 
of energy in this cestode, too [6] Also a significant 
decrease (by 15-44%) was lecoided in tieated 
paiasites in paralytic state A number ot anthel­
mintic agents have been shown to affect the 
glycogen concentiation and metabolism in hel­
minths [6,15], though scvcial olhcis do not cause 
any such change. While no diug-induccd el led in 
lespecl to glycogen content was dcmonsliable in 
Scliistosoina mansoni tiom mice dosed with Ro 
15-5458 [16], schistosomes lecoveicd Irom arte-
niclhei-tiealed hosts showed an incicased aclivity 
of glycogen catabolism and decreased glucose 
uptake [17]. 

As shown in Table 2, treatment of the parasite 
with ciTide peel extract, genistein and PZQ caused 
significant change only in the activity of the active 
forms of GPase and GSase, with no significant 
ellect on the total activity of eilhei en/yine GPase 
(U which constituted appioxiniately 72-74 ' / ot ihe 
total GPa.se activity in the contiol parasite, 
increased by 29, 39 and 30%' in the parasite treated 
with crude peel extiact and genistein lor 6 h and 
PZQ tor 3 h, respectively However, GSase (/ 

activity, which constituted approximately 56-68% 
ol the total GSase activity, decreased by 59, 36 
and 38%, lespeclively, in similar treatments. The 
deciease in glycogen content accompanied by a 
signilicant decrease in GSase a activity and an 
increase in GPase a activity in the parasite under 
dilleient tieatment conditions suggest that the ener­
gy demand by the cestode was perhaps enhanced 
under test conditions leading to stimulation of 
glycogenolysis and inhibition ol glycogenesis 
Chcniolheiapeulics like levamisolc showed a 
deciease in GPase activity and an increase in 
aclivily ol GSase in nematodes [7,18,19]. How­
ever, GPase activity was found to be 25-30% 
higher in H climiuitta Irom amoscanate-ireated 
hosts [20] An increase in the activity of GPase a 
in R echinoholhiula during the treatments suggests 
that the phytochemicals. as also PZQ, influence 
activation of this en7yme. 

Il IS interesting to note that the treatment in 
vitro of R echinohoihnda with the crude peel 
extract of F. i esiita, and genistein affected only 
the active loims ol GPase and GSase, without 
causing any change ol their total activities. Il 
appeals ihat the changes of the phosphorylation 
status could be one of the possible mechanisms of 
legulalion ol these two cn/ymcs, thereby convert­
ing the inactive lo active iorm and vice versa 

file:///aliii
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nl It ol olhitdii III \ 11 ) 
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IKMIIIICIK 

(nig/iiil) 

1 a Contiol (m 
lb Crude peel 

(5 0) 

2a Control 
2b Gcnisicm 

(0 2) 

la Conliol 
IbPZQ 

(0 001) 

0 '•r/c PBS) 
extract 

1 ll/JIIK lll lMl) ol 

GPase 

Total (a + h) 

1 92±0 12 
2 09 + 0 2'5 
(±9) 

2 28 + 0 4^ 
2 49 + 027 

I±')l 
242 l-O'il 
2 45 + 0 28 

[±11 

Acti\e (a) 

1 4'< + 0 02 (74) 
1 84 + 0 25 (88) 
[±29]" 

1 66 + 011 (71) 
2 10 + 0 17 (92) 
[ + 19]' 

1 74±0 49 (72) 
2 26 + 0 11 (92) 
[ + 10]' 

OSase 

Total (a + h) 

0 71 ± 0 04 
0 65 + 001 
[ -10 ] 

1 68 ± 0 17 
1 54 + 0 11 

[ -S ] 

1 29 ± 0 02 
1 16 + 0 09 
[ -10 ] 

Active (a) 

0 41+0 06 (56) 
0 17 + 004 (27) 
[ - 5 9 ] ' 

1 I 5±008 (68) 
0 74±0 14 (48) 
[ -16 ] ' 

0 86±0 08 (67) 
0 53 + 007 (46) 
[ - 18 ] " 

Values are expressed as inean + S E M (/i = l ) One unit ol en/yme activity is delined as 1 fxmol ol NADP' reduced m case of 
GPase or NADH oxidized in case of GSase per minute at 38 "C 

•• Percentage of GPase a and GSase a activities out ol the total (a + h) is given in parentheses Percentage increase ( + ) or decrease 
( —) ol GPasc a and GSasc « activities in the ticalcd vvoims compaicd to their rtspcctnc controls is given in square brackets 

' • P < 0 05 
' P < 0 0 l 

undei the various treatments Chemollieiapeutics 
like PZQ .lie known lo cause vacuoli/alion and 
disiuplion ol the suilace tcgunicnl M-\(\ also mus­
cular paralysis in seveial parasite species [17.21] 
Tieatment of R edunobothnda in vitio with F 
latita etude peel extract and its active principle 
also causes alterations in tegumental oiganization 
of the paiasite [1] Consideiing thai alteied inllux 
ol Ca-' may account loi these changes in the 
treated cestode, alteiation in the activity of the 
enzymes of glycogen metabolism may also be 
leldted to Ca-* influx, which needs to be further 
investigated 
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disiilphide while cysteine derivatives (S-mclhyl , S clliyl and S 
allyl cysteine), which had an cflcct dependent on intcrlertncc of 
cysteine uptake, were the least eflcctivc 1 hcsc data suggest that 
individual garlic components may afTect Giardia by dilTcrent 
mechanisms and thus encourages their potential use as an 
alternative therapy, evenly in drug-resislaiu giardiosis 

•• S02-4-B 
ANTHELMINTIC EFFICACY OF FLEMINGIA \TS1ITA 
(FABACEAE) ALTERATIONS IN GLUCOSl MIIABOLISM 
OF THE CESTODE, RAILLIETINA CCHINUBUlliniDA 

B Das*, V Tandon, N Saha, Shillong, InJia 

The edible root tuber of Tlcm\)\f>ia \i iliui, an iiuligciimis 
(cguniinous ptanl of Northeast India, lias usigc is an TiiCliclimndc 
against intestinal womis including ccstoocs in local trjditioiial 
medicine The root-tuber peel of riemin^m i cvfim and its active 
component, genistein (4', 5, 7 - trihydroxyisodavone) have been 
shown to have a venmfugal/vcrmicid.il effect on cestodc parasites 
in vitro by causing a flaccid paralysis accompanied by alterations 
in the tegumental architecture and activity of several tc^'umcntal 
enzymes ol Raillielina cchiiiohiilliiula Pursuing lurtlicr the 
investigation, the crude root-peel extr.ict .iiid pure gLiiistcin wtrt 
tested in respect of glucose metabolism in the p.u.isilL C li.iiigcs m 
the inlra-cellul.ir glucose content and the nKLibolic mtcriiKcli IILS 
pyiuvale .ind mal.ite. >ind the end pioducts .il nunc ,iiid l.icl ite of 
glucose met.ibolisni lormcd the p,ii,iniet(.rs liir the piesent study 
Live R cchiiiolxilhiithi were eolloet^d ironi the iiilestiiie o( Ireshjy 
slaughtered domestic fowl in phosphate bullered saline (I'US) and 
incubated at 39±1°C in defined concentrations of the root peel 
crude extract (Snig/ml) and genislein (0 2mg/iiil) in I'US with 1"„ 
ol dimethyl sulphoxide (DMSO) with siiiuilt.iiieous m unteii.iiiee ol 
controls Praziquantel (0 OOlmg/ml) (I'ZQ) a bioad spectrum of 
anthelmintic, served as reference dnig The glucose content and 
mtermedi.ite mctaboliles and the end pioduels ol glucose 
metabolism were estimated bioehcmie.illy immediately alter 
paralysis set in the treated worms Following treatment with root 
peel extract and gcnistem, paralysis ensued in the parasites after 6 
h of incubation, whereas in Praziquanlcl-conlaimng medium 
paralytic state set in after 3 h of exposure In the treated worms the 
glucose content decreased by 25-5S% and the m date conecntr.iiion 
increased ~5-IO folds ns compared to controls Uolh in controls 
and treated paiasitcs, however, pyruv.ite eonleiit w.is not 
measuiiible while al.mine iind l.iet ilc eontents showed ,i deeline by 
6 5-24%, respectively in the parasites exposed to .ill test m.iteiials 
Besides, the lactate content as ellluxcd into the incubation meduiin 
showed 22-4'>% increase in trcitmeiits in eoiiip.irison to controls 
The results showing n decline in glucose content ,ind ,i sigiiilie.mi 
rise in malate content under treatment conditions suggest lh.it the 
plant derived components influence a switch over towards aerobic 
degradation of glucose in the parasites 

•• S02-4-C 
EXPERIMENTAL STUDY ON A NOVFL COMPOUND 
CXIRACTI Dl ROMTCM t O R I K I AIMI NI Ol Al VI Ol AK 
LClllNOCOCCOSIS(ALVl (KOCtOSIS) 

J Cipeng*, Lanzhou, China 

To evaluate the elUcacy of a no\cl compound derived from TCN 
for treatment of murine alveolar echinococcosis Two prerequisites 
were prepared The first was to extract a compound from CTM by 
means of a serial procedures including amalgamation of TOM 
dnigs, boiling, cold condensation using a refiux instrument, and 
evaporation by mild heating, finally forming deep brown powder 
The second was to establish animal model of alveolar 
echinococcosis A bit of alveococcos tissue derived from munne 
alveolar echinococcosis was transplanted into penloneal cavity of 
Mm musculw! Kuming Strain The infected duration after 
inoculation were classified into 1 week infection and 10 weeks 
infection, which were again divided into treated group and control 
group Estimation of alveococus inhibitory rate and electron 
microscopic observation were served as mam methods for 
assessment of the efficacy The infected mice of treated groups 
we.e intra gaslrically administered once per day with TCM 
ex(r.ie(i\e powder at doses of 20 ing kg I for three months 
continuously All the animals were killed and examined half a 
month after the end of TCM treatment Total wet of alveococcus 
(rom 9 mice of treated group aficr 1 week infection was 37 76g (X 
± S 4 19fi±2 090g) being ob\iously lower dian that from 10 mice 
ofconirol group (121 294g X ± S 12 129 ± 4 305g) So the 
inhibitory rale of ahcococcus was (>'> 7% (P < 0 01) Similarly 
tot il wet weight of aKcoeoecus from 7 mice of treated group after 
10 weeks inleetion was 4 362g (X ± S 619 ± 0 1 207g), being 
ipp.uenll) lower than that from (i mice of control group (17 85g. X 
! S2 926 + 3 27'ig) I he inhinitory rale of alveococcus was 80 6% 
(I' " 0 01) I he ullr.i siruelur.il .ippcnr,inees of aKcoeoecus showed 
.111 obMous dillcrenee belween Irealed group and control group 
I C M extrjetivc powder for treatment of murine aKcoeoccosis is 
considered to be a hopeful anti echinococcus compound which 
will be significant for further slud\ 

•• S02-4-U 
PURIl K AflON 01 R[ COMBINANT TR)PANOSOME 
Al II KNAllVLOXIDASI 

K Kita*, K Kawai, C Nihei, Y Fukai, Tokyo, Japan, Y Yabu, 
N.igoya Jap.in N Minagawa Niigan Japan K Nagai. Tokyo, 
J.ip,in 

Alne in tr)p.inosoina is a p.irasilc which causes African sleeping 
sickness of human and nagana disease of cattle Because at present 
diugs .igimsi tryp.inosimies h.i\e strong side effect and arc not 
elleetive lor ehniiiu p.ilienls, .i new eHeelive drug is awaited now 
We loi'iid lli.il dseoluranone isolated from A\coi.h)la n^iae inhibits 
spccilically mitochondrial respiration of blood stream fonn of 
IniKininnniii hnti 11 hnti <. .it very low eoneenlr,ition In addition, 
we lound th.it mjeelion ol aseoluranonc into inletted mice made 
blood stream form of 7" biucci hiucei die out It has been thought 
tnat the target of ascofuranone is cyanide resistant terminal oxidase 
located at mitochondrion of blood stream form of T h bnicei This 
enzyme is referred to as TAO (trypanosome alternative oxidase), 
and functions ubiquinoi oxidase unlike cytochrome c oxidase of 
mitochondrion of mammal Because mammals don t ha\e TAO 
th.it IS essential for reoxidation of reducing equivalent generated 
(luring glycolysis 1AO is expected .is ,i cjndid.ilc of target for 
ehcMiiilhir ipy ig iinsi iryp inosdines II is .ilso reported ihdl TAO is 
highl) homologous to allcrnalnc oxidase of mitochondria of 
pi lilts but bioehemic.il analysis has not been carried out due to 
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•• I'A-011 
r .VALUATION Ol" LONCi AC I INC ! M A I . A I I I I O N I 'AINI 
r O l l M U L A t ION (SLOW lU -L l lAS I : l .MUl .SI I 11,1) 
SUSPENSION) IN I I I I ; CON I ROI , o r SAND! I Y IN KAI .A -
A Z A R A R U A O r n i l l A l l 

K K.islioic», A Palil, V Kumar, S Kcsaii , OS Dniesli. A Uanjan. CS 

Lai, NASi i ld iqu i . N Kumar and SK Dliailachaiya 

A pilot trial for the control of Paigcnlipc^ ll irougli malalhion. 
SUES (Slow Release Eiiuil.<iiric(l Sii";pcti';i(in) paiiil lurnuilalioii, 
was carried out in an endemic village, Gulmahiyabaj;ili, laken as 
lest village in comparison to DDT sprayed villapc, Rakahpanj, 
taken as eonliol villa(>e Oi(;an<)pliaspliorii<; irisi(.ii(.ide '•piayinn of 
y.'a Malalli ioii in llie dose ol 2 gin/iii2 w;r; ;ipplieil in 71)1 lioiises 
in test village and U U l in lecoinincndcd dose uas applied in 2.1.1 
house in control village. Rcsutgcnce of PII/ IJC/KI/ICV was observed 
in lest village neaily alter 21-23 monllis ol spiii^ u l i t i e as in 
conliol village altei ' l-fi inonllis laking opeialiim,il LOSI i i i l i i 
eonsidcialion, Maladiion, SRIIS, paini spiayiiig seems In be less 
expensive as compared to D D I ' which ie(|uiie lour roiiiul o fspiay 
in two successive years to mainlairi the same residual cll icacy in 
compaiison oTonc round ol malalhion, SKI S l i is a sale 
insedieide with no toxicity on Imman beings exposed lo li 
(unpublished data) this sUidy indaales lh,M Ihc iii,Tl.illiion, SRI S 
(y/n) painI roimulation is nioic cl lecl ivc. lesser loxic and innie 
cosl-en'eelivc loi eonlainmenl ol vccUn pnpnlaliiMi as ((i i i ip,i icd lo 
1)1)1 spiny Ibis p io je i l was l i indri l bv WHO uul IDU 

•• rA-012 
NTW COMPOUNDS IN ( ON 1 ROI Ol" PARISH I S 

llcinz, Mchlhorn*, Oiisscldoil, Germany 

In many gioups ol'parasitoses, Ibcie e lists an absolute need lor 
new ehemolhciapeutie diugs In some eases ( e g C / y/iim/iDi uliinii 
species, miciospoia) there was nevci existing a convcniient 
chemotherapy, in olhcrs (c g Gionlio) new need aiosc due lo llie 
possible liansmissions riom animals to man In behninlhs a broad 
.seiics uCiliug icsislancc hecainc esiahlislied during die last yeais 
In insects iind licks a need I'oi bioad acting lepellents and sale 
insectiT-ide.s/aeaii/ides is highly desiiable since these ecl<ipatasites 
aie veclois of many paiasiles leading to diseases or e\en de.ilh in 
humans and animals ,Sonie new classes ol such (.ompoiinds wi l l be 
piesenlcd unci Iheli piopeilles disiuvsed 

•• I'A-OI.I 
St)(.VrSSI VII. IRrAIMl Nl Ol PRIMARY AMI UK 
MliNINUOUNCIiPUAUIlS IN IRAN 

A Shamsi/adeb ' , M M Mirdehgban, N 7aker, S Maiaghi, 

AA Momcn Ahvaz, Iran 

The primary amebic mcningocnccpha^ilis(PAM) is rate and latal 
disease caused by free l iv ing amoeba called Naeuleiia So lar 
about ISO cases were rcpoilcd I'lom all-around the uo i l d and pisl i 
cases wcie ,suivived I his is the l i is l repoit ol pnmaiy amebic 
Meningoencephalitis l iom ban and the Ktli sut\ ived case in the 
wold Ihc patient was an eighteen niontbs old boy rek'iie<l lo llie 

hospital in August 2001 with Ihc symptoms of nausea, vomil ing, 

lever, diowsincss and convulsion Examination of C.S P indicated 

the I20l)l)/mm.1 W13C with the majority of 83% neutrophil, 238 

mg/dl piotein and glucose or3<1 mg/dl I31ood sugar was 100 

mg/dl (ham slain and culture of CSF for bacteria was ncgalive. 

Micioseopic examination of wet smear from C S f revealed the 

motile amoeba with pseudopodia In Oicmsa staining, the 

Irophzoites were seen among the Leukocytes and red cells. 

Ircatmcnt of patient with Amphotericin B, rifampin and 

chloramphenicol for 6 weeks responded well and the patient 

survived remarkably The patient was followed for 3 months and 

no sign of sequelae was observed. Although the PAM is falal, but 

should be diflcrcnliatcd from the bacterial meningitis and history 

of patient in contact with ficshwalcr sliiiuld be considered and the 

tiealineiil should be applied ii igently 

•• l'A-()14 
l A R I . Y A P P l A R A N t P A N D I K P . A I M I N I Ol ( i O A f 
WARHI I S IN IRSIND, K A N D l l AND K l I A N D A R E A O F 
R A K I I l M U N l l , D I R A ( ; i l A 7 . 1 K U A N . PAKIS I A N 

M I! Suhail* and M M Aya?. Khan. Pakistan 

Ihc objective ol this study was to Iind oiil the early dale of 
appearance ol goal warbles and lo control goat warbles 
I'izhi \iil\kunui \ilimi\ lliniii i at 1.2 stage in Ihc body o f animal 
\\ till the iiM ol iv (-Mtlev tin Piev .lU lu e of (MI it \v :uliles 

{I'lilii \iil\Uiiiiii \//(7iin HI mil 11 was carried out on eighteen Mocks 
(n 2X1) in thice villages at Rakhi Munh. Dera (iba^i Khan. Study 
was conducted during 2nd week of August. 1999-2000 The 
nodules ol go.it waibles larvae wcie palpated on the back of 
i i i lc i ted animals throiigb hand palp,ilion method and infested 
animals were given Ihc treatment wi ih ivemicctin injection. The 
occiiirencc of goal warbles al Irsinil, Kandh and Khand was 65%, 
30% and IIP'o respeclively I he ivermectin injection al dose rale of 
200 mg/kg through intramuscular was cllectivc against L2 and L3 
stages of goal waiblcs 1 he occurrence of goal warbles as early as 
2nd week of August was recorded for the first lime in Pakistan and 
the ivermectin pinvcd a very ellcctive warbhcide. 

•• PA-015 
AN 11II 1 M I N I I C 1 I I K A( Y Ol .S7/r/'/MA7,f GUHRA 

(M l NISPI RMA( I A l ) /,V I 11 lU) \ I I I C f OP CRI ID I I 

R I I I / O M l P i l l I ' l X1UA( I ON I N l l '^ I INAI.PAUASIII- . .S 

V lai idon*. I M I yndcni. PK Kar. P Pal and I) Das, Shillong, 
India 

In the tradilional medicinal practices in Mcphalava (Northeast 
India) Slciihiiiini yjohin has a usage as anthelmintic against 
intestinal worm inlet l i i 'ns. for which aqiieims concoclirin of Ihc 
powder ol the dried rhi7omc is used In order lo ascertain the 
anihelminlie el l lcaci of this putative medicinal plant, the alcoholic 
crude extract of Ihc pulp of the edible rhirome was tested against 
ihe various bclminlh parasites - nematode liclc\aki\ ffnilinaiuni, 
•\\< IIIiiliii y.iilli (paiasiles in Ihc intestine of domestic fowl): 
III! \li nil mill 11 iliiiiii 1,111 (I mi l l h,iinsler) and ,Ui inn \iiiim (from 

pig), ccslodc Diiilliiiiiui CI luiMihoihiiil'i (Irom domestic fowl) and 
trcIII.node / iisi inhijnis hinli (from pig) in the dosages of 25 
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ing/ml, 50 iiig/ml and 100 mg/ml in 0 9% pliospli.ilc buffered •• P A - 0 I 7 
saline (PBS) al38±lOc The controls kept m PUS suivivcd lor Till" SOU! IIPRNMOST TRANSMISSION POCUS OF 
aveiagc 22 h (.trcm.ilodc), 72 h (ccModc) .itul 120 1S2 h SClilS lOSOMlASIS IN SOUTH AMI RIC A AND IllC ROLC 
(nematodes) The cestodc and tieniatodc par.isites slioucd a 01 SbNSlTlVE COPROSCOPIC MCTIIODS FOR DETECTION 
pronounced effeet ofllic Ircatiiient A dose dLpt-iuknt gradual Q I HUMAN INl LCTION 
decline in physical iiiotilily was observable in R I'diiiuilynhiula 
andF /iHtAi, wilhaicvcisible llaecid paialysissLltingMial i IIK.III C (iracll-kixeira*, M » Jobim R L Maurcr. R Uen, C O 
time of 2 h 23 mm and 1 h 45 min, and dtatli at ^ Ii 29 mm and 2 Un,,,, M c F Silva. A C A Silva, P E Palominos, Porto Alegre, 
h 15 mm, respectively for the fonuer and 1 h 10 mm, 2 h 34 mm Uraril 
and 4 h 1 Imin, 3 h 22 mm lor the lailci, following uiLubation in 
dosages ofbolh 50 mg/ml and 100 mg/ml In cunliast much less |„ i997_ |i„„„p!,alaria glabrata was ideiUificd (or the Cirsl lime, in 
effect was revealed m respect of nematodes, the moan paralysis , | , j . ^faz,! s southernmost Stale, Rio Grande do Sul and one year 
and death times of W gallmaium, A ce\UuiKiim, and A «o//i in \^^^r ,na,l, ^^grc found infcricd in a locality named Esleio, next lo 
treatment with 50 mg/ml crude extract were 10 h 20 mm and 14 h p^rto Alegre Two ponds and one abandoned and closed channel, 
26 mm, 8 h 45 mm and 11 h 10 mm, and 10 h 11 nun and 12 h 55 „(.xi lo llic Sinos Riser, were idcnlificd as transmission foci 
mm, respectively A wiim. the large ncmrtodc shoucd a feeble Aproxuiiatcly 7,000 people li\e next to these sites, but there is not 
efrccl, with Ihc ousel of paralysis occurimg al I t h 3 mm and g widespread use of natural water bodies neither m leisure nor in 
death, at 37 h 18 min in incubation with the same dose The work activities, by the population A sero-epidemiological and 
phytochcmical(s) m the pulp of S s ' " ' " " seems to he cflcclivc coproparasilologieal sur\cy is presently underway and has been 
against soU-bodied platyhclmiiith paiasilLs tli it have a tLgniiiLiilal apcaled tvtry six months I hrcc slides are prepared (Kalo-Katz 
mtcilatc and has lilllc or no cllcet on culu.le-<.o-,ei<.d ntiualodcs nicihod) and ihc rest of the fecal sample is dissolved in water and 
The active principle of the rhizome pulp needs to be identilled "^cdimentcd (Hoffmann method) The resulting sediment is 

scqucnlialty pioccsstd by the Uilchic method (ether formalin) and 
the liu.il sediment is ti Lilly examined under the mieroseope I i out 

l / \ - U l o ,,( 1 SSK nncsligaled mduiduals have solar been lound intectcd in 
POLY-INFI.CTION WIFII SCIIISIOSOM I // 1/ M UOHIUM ,|,e area 9 out of 11 were ncgalAe by Kalo-Kat7 presenting less 
AND '^aUSlOSOMA Af \NSONl INVADlNd SPINAl C OKI), „,an 1 cgg/g leecs as cstimalcd by examination of the whole 
BLADDER AND COLON IN A FRl NLII lOURISI sample 1 hese results stress the need for optimiration of 

diagnostic methods m areas ol recent introduction, where low 
J P Gangneux*. A Bcauplet, O Raulin, C 1 allement A S prevalence and parasitic burden appears to be the rule Serology as 
Thiiouard. C Arvieux, C Ouigucn Umversily Hospital ol Rennvs ,, sueemng procedure is ciirrciill> been evaluated in a study m the 
' i'"icc ,,it,, I „iir of (he iiidiv idu.ils were infeeted while eolleeling 

Hiomphalaria sp to use as a lishing bait 1 he locality of Lstcio 
Observation A 3 I-year-old travellei coining back fiom a one y(.ar beeamc the southern boundary of occurrance both lo B glabrata 
hip in South Allien piescnled vvilh a syinplomatie myelopathy ,,„(j Seliistosoma mansoni in the Americas what should stand as a 
polyiadieulopalhy, amyotiophy and sphmetciie distuibaiiee Spinal serious alert lor the potential expansion of this endemic parasitic 
magiiclie resonance imaging revealed a giaiiuloma ol the eomis disease to Uiuguay and Argentina I manual support 
Eosinophilia in the scrum and the ccrobio-spmal fluid (C SI ) I IJNASA/SI S/SMS. I API RCiS. ( NPq PUC RS 
incited us lo delect SilinloKonui aniibodics in the scrum ,iiid the 
CSF Serological testing by Indireet imiminolluoieseeiiec shovvnl 
positive tUcis both 111 the sciuiii (1/320) and the ( SI (1/41)) . . l>A-t)18 
Uesidc, >S(/i/vMv()/"(;/i(i("i(»'i)/'/i(W eggs weie isiil.iled lioiii 1111111. | ) | | K | |(jN Ol I IIISIOIYIICA (i LAMULIAAND 
and Schislosoiiw manwiii eggs were delected in the rectal biopsy C RV P lOSPORIUIUM CCJPRO-ANTIOCNS IN STOOL 
The palient was heated with Pra7iqueiilel 40 mg/kg of body wcigju SAMI'I 1 S 
Ivviec a dav at 4 hoiii mleival, associated with eoitieollui.iji) AlUi 
healmeni, symptoms slowly impiovcd over months Mohsen Hassan', Parasitology Department, I acuity of Medicine, 
Discussion Schistosomiasis due lo 5 mun^oni or S haemalohnim Zaga7ig Umversitv. LgypI 
of the spinal cord has been described m §oulh Alriean patients 
Hcie, wc lepoit a imillisystem inleelion involving spinal eord, A double antibody sandwich I LISA technique using a 
bladder and colon due to both 5 mansom ^r\A S haeimuitohium It chromatography punFicd antiscra against E histolytica, O lamblia 
occured in a French tourist after an eight-month trip in South and Cryptosporidium antigens was applied to detect copro-
Africa Intensive and short-term exposure in a nonimmune patient antigens of the corrosponding parasites in 90 patients All positive 
can thus result in a poly-paiasilic and multisystem shistosomias's cases were diagnosed by parasilological examination and proved lo 

ha\e the infection solely Beside the 90 positive cases, 40 age-
matched controls were included in the study, of which 20 
individuals were infected with other parasites but not 

||Winj IiIMlAltT tf]'2 /^ ^ n ( ryptospondium I hislol)tiea or (i lamblia (acted as an infected 
I J ' ' control group) and the other 2(1 mdivuluals with no intestinal 

ACC <^ . i^v /^*^^*" ' par.isites (normal control group) Ihc assay could delect 100% of 
, ^ those micetcd with both of (; lamblia and F histolvtica and 96 6% 

< ^ ^-A ^Kjfyr~ (29/30) o( p.iticnts with ( ryptospondium inlcclion I alsc positive 
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