














































































































































































subsurficial network across the length and breadth of the 

proglottides. Posteriorly, at the terminal proglottid all 

the longitudinal nerves join together (Fig, 32). 

The NSE and AChE activity in the reproductive system 

appeared to be limited to the muscularized organs of the 

male system, viz., the cirrus sac and the genital atrium 

(Fig.26). The intense staining reaction with acetylcholine 

iodide used as a substrate indicated that the cholinergic 

component in the nervous components is AChE. 

Histochemically, AChE was found to be present in the 

tegument, subtegument and muscle layers, with intense 

activity restricted mainly to the tegument (Figs. 33,34); in 

the whole tissue homogenate high AChE activity was 

measureable (Table 2). 

The total and specific levels of AChE activity, 

determined in freshly prepared homogenates of the adult 

cestode, are listed in Table 2. 

9 

Treatment- After exposure of /?. echinot>othricia to the 

crude peel extract of F. vestit-a and its purified active 

component,i.e., genistein, in the paralyzed worm there was a 

pronounced decline in the visible stain intensity of the 
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nervous components, indicating very less or no activity of 

NSE and ChE in the parasite; no activity was observable in 

the tegument (Figs. 35-38). 

Quantitatively also, the AChE activity was reduced by 

49.07% and 56.77% following treatment with the crude extract 

and genistein, respectively (Table 2). Changes were also 

noticeable in the praziquantel-treated worm (Figs. 39,40; 

Table 2); the reduction in the AChE activity was somewhat at 

par with that of the genistein- treated worms when compared 

to control. 

(ii) Acid phosphatase (AcPase) 

Controls ~ The most intense AcPase activity was observed in 

the tegument; the other regions, viz., the subtegument, 

somatic musculature, testes and ovary displayed moderate 

reactions (Table.3). No activity was observed for AcPase in 

either the parenchyma or the excretory canal (Figs.41,42). 

Quantitatively, the enzyme activity was higher in the 

supernatant, about 4 times higher as compared with 

the genistein - treated worm (Table 4). 
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Figs. 41-44: AcPase activity in /?. echinobothricta, cryostat 

sections. 

Figs. 41,42. Cross section showing vary intense activity in 

the tegument (T), subtegument (ST), somatic 

muscle layer (M), testes (TE) and ovary (O). 

(control) (Scale bar = 0.2 mm and 0.1 mm, 

respectively) 

43. Transverse section, showing negative staining for 

AcPase in the tegument and subtegument, whereas 

pronounced activity persists in the testes after 

treatment with genistein. (Scale bar= 0.1 mm) 

44. Transverse section, showing no AcPase activity in 

the tegument after treatment with praziquantel. 

( Scale barr 0.1 mm) 
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Treatment - The activity of AcPase in the tegument and 

subtegument was completely inhibited after treatment with 

the crude peel extract of F. vestita and genistein but 

partial inhibition was observable in the somatic musculature 

(Fig. 43). Moderate to weak reaction was ^sometimes 

noticeable in the subtegument and strong activity persisted 

in the gonads (testes) following treatment with genistein 

Almost all the structures of the parasite were invariably 

negative for staining with the modified lead nitrate method 

after exposure to the genistein -containing medium (Fig. 43,. 

Table 3). Similar result was observed after treatment with 

the reference drug praziquantel (Fig. 44, Table 3). 

The results of the AcPase enzyme assay are summarized 

in Table 3. The AcPase activity of R. echinobathrida IMAS 

inhibited by 96% and 97% following treatment with the crude 

extract and genistein, respectively (Table 4 ). The 

inhibition for the praziquantel- treated worms was 92% 

(Table 4). 

(iii) Alkaline phosphatase (AlkPase) 

Control- An intense AlkPase activity was observed restricted 
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Figs. 45-47 : AlkPase activity in R. echinobothrida, cryostat 

transverse sections. 

45. Control, strong activity in the tegument and 

somatic muscle layer. (Scale bar= 0.1 mm) 

46. AlkPase activity restricted in the tegument, 

subtegument, somatic muscle layer and testes after 

treatment with the crude root peel extract. 

(Scale bar = 0.1 mm) 

47. Mild AlkPase activity in the tegument, subtegument 

and testes after treatment with genistein. 

(Scale bar= 0.1 mm) 



•"^^SSSjfR 

r 'l\rM'M-r-f»^., 45 

• • % . i » -



mainly to the tegument and somatic muscle layer. In the 

subtegument zone the enzyme activity was lower (Fig.45). 

Quantitatively, AlkPase showed a high activity in the 

supernatant fraction assayed in the nontreated parasite 

(Table 4). 

Treatment- After in-vitro exposure of the worm in the 

incubation mediufn containing the crude peel extract, and 

genistein, considerable reduction in the stain intensity 

from the control parasite was detectable histochemically in 

the tegument of the treated parasite (Figs. 46,47; Table 3). 

At biochemical level, varying degree of inhibition of 

the AlkPase activity was observed after treatment with the 

plant- derived components. The relative activities of 

AlkPase from the supernatant fractions of R. echinobothricta 

are summarized in Table 4. After exposure to the crude 

extract and genistein, the AlkPase activity was reduced by 

86% and 95% , respectively and with praziquantel treatment, 

the enzyme activity was inhibited by 97%. The total activity 

was lower after treatment with genistein than that of 

control (Table 4). 
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Figs. 48-51 : ATPase activity in R. echinobothridst, cryostat 

sections-

48. Control, intense enzyme activity shown in the 

somatic musculature.(Scale bar= 0.1 mm) 

49. Mild ATPase activity, after treatment with the 

crude root-peel extract. (Scale bar= O.l mm) 

50,51. Absolutely negative ATPase activity in the 

tegument after treatment with genistein and 

praziquantel, respectively, (Scale bar= 0.1 mm) 
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(iv) Adenosine triphophatase (ATPase) 

Control- The ATPase activity was noted mainly in the 

tegument and musculature of /?. echinot>othri<i& where intense 

to moderate enzyme staining was demonstrated (Table 3). 

Positive activity was also observed to be associated with 

the subtegument and gonads (Fig. 48). 

Quantitatively, the ATPase activity was high in the 

whole tissue homogenate (Table 4). 

Treatment- All structures were almost invariably negative 

for staining with the calcium method for ATPase activity 

after treatment with the plant - ' derived components 

(Figs.49,50). The enzyme activity was reduced by 71% and 88% 

after treatment with the crude peel extract and genistein, 

respectively. There was a decrease in the ATPase activity of 

the genistein- treated worms; changes were also noticeable 

in the praziquantel- treated parasite (Fig. 51, Table 4), 

(v) 5'- Nucleotidase ( 5'-Nu) 

Control - Of all the structures ..studied (viz.,tegument, 
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Figs. 52-55 : 5'-Nu activity in R. echinobothrida, cryostat 

sections. 

52. Control, transverse section, showing pronounced 

enzymatic activity in the tegument, subtegument and 

somatic muscle layer. (Scale bar= 0.1 mm) 

53. Mild 5'-Nu activity observed after treatment with 

the crude root- tuber peel extract in the tegument, 

subtegument and somatic muscle layer. 

(Scale bar= 0.1 mm) 

54,55. Absence of 5'- Nu reaction in the tegument after 

treatment with genistein and praziquantel, 

respectively. (Scale bar =0.1 mm) 
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subtegument, gland cells, somatic musculature, testes and 

ovary),the tegument showed a relatively strong positive 

staining reaction to the 5'- Nu activity (Fig. 52, Table 3). 

A fairly less intensity of reaction was observed in the 

muscle layer. The biochemical assay showed high enzyme 

activity in the tissue homogenate (Table 4) of the cestode. 

Treatment ~ The 5' - Nu activity in the tegument and 

subtegument was partially inhibited by the crude extract 

and genistein treatments (Figs. 53,54); the enzyme activity 

was reduced by 37% and 28%,after exposure to these test 

materials, respectively (Table 4). 

No stain or enzyme activities were observed in the 

tissues histochemically or biochemically,respectively when 

frozen sections or tissue homogenate were incubated without 

the respective substrate solution. 

FREE AMINO ACID (FAA) AND AMMONIA ANALYSIS 

Control ~ The amino acid compositiion of R. echinobothrida 

was demonstrated using HPLC, on a lithium column. As given 

in Table 5, the free amino acid pool of the control worm 

included phophoserine (phser), taurine (tau), phosphoamine 
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Table 6- Qualitative analysis of free amino acid composition of R. echinobothrida 
in vitro, determined by HPLC 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Control 
(0.9% PBS in 

1% OMSO) 

Phser 

Tau 

PhNH2 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

Cit 

Val 

Met 

He 

Leu 

Tyr 

Phe 

P-Ala 

a-AIBA 

GABA 

Trp 

His 

Om 

Arg 

Ammonia 

Crude 
extract 

(SOmg/ml) 

Phser 

Tau 

PhNH2 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

BLD 

Val 

Met 

He 

Leu 

Tyr 

Phe 

p-Ala 

OrAIBA 

GABA 

Trp 

His 

Om 

Arg 

Ammonia 

Genistein 
(0.5mg/ml) 

Phser 

Tau 

BLD 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

BLD 

Val 

Met 

He 

Leu 

Tyr 

Phe 

p-Ala 

a-AIBA -

GABA 

Trp 

HIS 

BLD 

Arg 

Ammonia 

Praziquantel 
(0.01 mg/ml) 

Phser 

Tau 

BLD 

Thr 

Ser 

Glu 

Pro 

Gly 

Ala 

BLD 

Val 

Met 

He 

Leu 

Tyr 

BLD 

BLD 

a-AIBA 

GABA 

Trp 

His 

Om 

Arg 

Ammonia 

BLD = Below the level of detection 



(phNH ), threonine (thr), serine (ser), glutamic acid (glu), 

proline (pro), glycine (gly), alanine (ala), citrulline 

(cit), valine (val), methionine (met), isoleucine (ile), 

leucine (leu), tyrosine (tyr), phenylalanine (phe), 

p-alanine (/5-ala), a-aminobutyric acid (cs-AIBA), 

v-aminobutyric acid (GABA), tryptophan (trp), histdine 

(his), ornithine (orn), arginine (arg) and ammonia. The 

quantitative analysis of amino acids is also presented in 

Table 6 . Out of the amino acids detected, ala was found to 

be at the maximum level, followed by val, tau, pro, tyr, 

ser, a-AIBA, leu, glu and phe, respectively, in a 

decreasing order. Other amino acids, as mentioned above, 

were at comparatively lower levels. A low level of ammonia 

was also detected in the worm. 

Amino acids which were excreted by /?. echinot>othri<i3 

in the incubation medium include phser, glu, val, met, ile, 

leu, tyr, phe, fj-ala, a-AIBA, GABA, his, orn and arg (Table 

7). Significant level of ammonia was also excreted by the 

parasite which could be detected both by HPLC and enzymatic 

methods (Table 7, 8). 

55 



Treatmsnt ~ After treatment with the plant-derived products 

of F. vBstita and also the reference drug, the free amino 

acids of R.Bchinobothrida showed qualitatively close 

similarity with those of the control maintained in 0.9% PBS. 

As shown in Table 7, the level of different FAAs and 

ammonia in the parasite was significantly affected by the 

treatment with crude root peel extract of F. vestita, 

genistein and also by praziquantel. When the parasite was 

treated with crude extract, most of the amino acids were 

markedly decreased except glu, pro, ile, trp and orn, the 

levels of which either did not change much or increased in 

certain cases ( met, ile and trp). Almost similar decrease 

of FAA levels was also noticed in the parasite treated with 

either genistein or praziquantel except trp, the level of 

which decreased markedly in the case of praziquantel. The 

levels of glu, pro, met and ile were not affected much by 

either of these treatments. Interestingly, however, the 

ammonia level in the parasite was increased by 373% , 128% 

and 52% following treatment with the crude extract, 

genistein and praziquantel, respectively. Amino acids 

excreted by /?. echinobothrida and detected in the effluent 

are listed in Table 7. 
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Tabled. Levels of different free amino acids and ammonia (nmol/g wetwt) inR. echinobothrida 

Amino 
acid 

1 Phser 

2. Tau 

3. PhNHz 

4. Thr 

5. Ser 

6. Qu 

7. Pro 

8. cay 

9. Ala 

10. Cit 

11. Val 

12. Met 

13. ne 

14. Leu 

15. Tyr 

16. Phe 

17 p-Ala 

18. a-AIBA 

19. GABA 

20. Trp 

21. His 

22. Qm 

23. Aig 

24. Ammonia 

Total aa = 

Control 
(0.9% PBS in 

1% DMSO 

254 

2334 

251 

206 

922 

667 

1756 

3802 

6001 

11 

4584 

116 

348 

756 

1486 

555 

619 

769 

167 

138 

289 

1070 

435 

467 

27536 

Crude 
extract 
(50mgtol) 

130 (-49) 

1088 (-53) 

66 (-76) 

138 (-33) 

385 (-58) 

739 (+10) 

1930 (+10) 

1001 (-74) 

3560 (-41) 

BLD 

455 (-90) 

223 (+92) 

554 (+59) 

364 (-52) 

734 (-51) 

284 (-49) 

257 (-58) 

484 (-37) 

110 (-34) 

202 (+46) 

106 (-63) 

1217 (+14) 

183 (-58) 

2208 (+373) 

14062 (-53) 

Genistein 
(0,5 mg/ml) 

165 (-35) 

1733 (-26) 

BLD 

195 (-5) 

859 (-7) 

856 (+29) 

1988 (+ 3) 

2517 (-34) 

5342 (-11) 

BLD 

467 (-90) 

143 (+23) 

358 (+3) 

141 (-81) 

671 (-54) 

449 (-19) 

548 (-11) 

556' (-28) 

105 (-37) 

135 (-2) 

187 (-35) 

BLD 

154 (-64) 

1064 (+128) 

17369 (-50) 

Praziquantel 
(O.Olmg/ral) 

185 (-27) 

1442 (-38) 

BLD 

116 (-44) 

344 (-63) 

953 (+43) 

2225 (+27) 

2641 (-19) 

1168 (-81) 

5 (-54) 

1424 (-68) 

136 (+17) 

1535 (+54) 

153 (-80) 

1047 (-30) 

173 (-69) 

266 (-57) 

901 (-17) 

60 (-64) 

426 (-208) 

554 (-92) 

1085 (-11) 

161 (-63) 

709 (+52) 

17025 {-49) 

% increase (+) or decrease (-) of FAA levels are given in parentheses. 
BLD = Below the level of detection 



Table?. Amino adds excreted in the incubation medium by/?, echinobothrida 

No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

U. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

Amino 
add 

Phser 

Tau 

PhNHz 

Tlir 

Ser 

Glu 

Pro 

Gly 

Ala 

Cit 

Val 

Met 

De 

Leu 

Tyr 

Phe 

P-Ala 

a-AIBA 

GABA 

Tip 

His 

Qm 

Aig 

Ammonia 

Control 

- - +-

-

-

-

-

+ 

-

-

-

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

+ 

+ 

+ 

Crude 
extract 

-. 

+ 

-

+ 

+ 

+ 

-

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

-

+ 

+ 

Genistein 

-

"-. 

-

-

-

+ 

-

-

-

-

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

+ 

-

+ 

+ 

Praziquantel 

-

+ 

-

+ 

+ 

+ 

-

+ 

+ 

-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

-

-

-

+ 

+ 

- = BLD 
+ = Present 



Table 8. Levels of ammonia in R. echinobothiida after in vitro 

treatment 

1. 

2. 

3. 

4. 

Treatment * 
(mg/ml) 

Control 

Crude extract ( 50.0) 

Genistein ( 0.5 ) 

Praziquantel (0.01 ) 

Ammonia ** 
in effluent 

77.3 ± 3.21 

79.2 ± 2.92 

76.7 ± 1.19 

97.33 ± 2.3 

* Incubation was continued for 1 h 

«)tc )j.mol/g wet wt tissue 



DISCUSSION 



(i) The anthelmintic efficacy of plant materials has been 

judged on the basis of the loss of spontaneous movement and 

/or complete destruction of the worm in in-vitro studies 

(Goto et al., 1990; Robinson et al,, 1990; Kasuya et al., 

1990; Togo et al., 1992). The present investigation 

indicates that the cestode, R. echinobothrida tested 

herein is quite sensitive to the root-tuber peel extract of 

Flemingia vestita, since it could survive in the test medium 

for considerably less period of time. The nematode parasites 

were found to be less sensitive to this plant product, 

since they could survive in the test medium for long 

periods. Whereas the bigger nematode species, Ascaris suum 

and Ascaridia galli survived for about 3 days in the test 

medium, even the small-sized worm, Heterakis gallinaruw 

could survive for more than 16 h at the crude peel extract 

concentration of 50 mg/ ml ( Tandon et al., 1997). In a 

preliminary study, the whole root- tuber -ethyl-acetate 

extract ( peel and the fleshy part together) of F. vestita 

(0.36%) was found to be effective against A. suum, since a 

decrease in motility with paralysis occurring within 5 - 8 h, 

and disorganization of the cuticle and body musculature in 

the treated worms were observed (Yadav et al., 1992); it 
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may be possible that some active principles which might be 

present in the root tuber pulp are lost by extraction 

procedure. Artyfechinostomum sutrartyfex revealBd sloughing 

off, wrinkles and rupture of the general tegument; severe 

tegumental alterations and deformities were also displayed 

by F-asczalapis baski exposed to 20 mg/ml of crude root peel 

extract of F.vestita (Roy and Tandon, 1996). The root-tuber 

peel extract of F.vestit-a appeared to be effective also 

against Paramphistomum sp., since in a considerably short 

period of time complete inactivation and irreversible 

immobilization were observable in the treated worms, 

indicating a lethal effect on the parasite (Tandon et al., 

1997). However, the present study indicates considerable 

anticestodicidal activity of the crude root-tuber peel 

extract of F. vsstita and its active component- genistein 

in vitro. The cestode, R. echinobothrida was obviously 

affected by the treatment, since a spontaneous loss of 

movement or paralysis could ensue soon after incubation in 

the test medium, even though the death occurred after a long 

gap of time. The time taken for paralysis and death rate 

showed a direct correlation with concentration of the test 

materials, A dose-dependent efficacy of the plant 

components has been reported in the earlier studies also 
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(Kalyani et al., 1989; Kasuya et al., 1990). Exposure of 

the cestode to various concentrations of the crude extract, 

residue extract ( i.e.,crude extract minus genistein) and 

formononetin and pseudobaptigenin mixture did not cause any 

mortality for sometime to follow and acquisition of the 

paralytic state was also not an irreversible change. It may 

be suggested that even though the plant products may not 

have a cestodicidal effect, they may be vermifugal in nature 

and the inactiveness caused would last long enough for the 

parasites to be swept out of the host's body (Cox, 1982). 

In comparison to the other active components, i.e., 

formononetin-pseudobaptigenin mixture,the genistein 

component appeared quite efficaceous at a concentration of 

0.5 mg/ml, causing paralysis of worms after about 4,5 h; 

however, though it required about 19 h to kill them, the 

other component at the same concentration showed onset of 

paralytic state only after 29 h. The paralyzing effect of 

the residue was much less even at very high concentration; a 

concentration of 50 mg/ml of the residue extract took 2.1 h 

to bring about paralysis and death occured after 13 h. The 

paralysing effect of praziquantel was much faster even at 

very low concentrations; 0.001 mg durg/ml brought about 

inactivation of the parasite within 3 h of incubation. It 
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may be assumed that genistein present in the root-tuber 

peel exerts a reversible action on the neuromuscular system 

of the cestode (Croll and Mathews, 1977), though the effect 

is irreversible with respect to Par.amphistomum sp.( Tandon 

et al., 1997). 

(ii) In the treated R. echinobothricta alterations in the 

contour of microtriches and disorganization of the 

tegumental region were conspicuous; while the microtriches 

exhibited deformity and clumping, the tegumental region 

showed pronounced vacuolization and loss of muscular 

components in comparision with the control. In Taenia 

ta^niaeformis and H. nana, Borgers et al. (1975) and 

Verheyen et al. (1976) reported an increase of undefined 

secretory substances in the golgi areas. Isatin produced an 

hypervacualization of the tegumental cytoplasmic syncytium 

in the secondary cysts of £. maltilocularis (Delabre 

Defayolle et al., 1989) as also observed during treatment 

with bunamidine on H. nana by Hart et at.(1977). Becker et 

al. (1981) also reported vacuolization in the syncytial zone 

during studies on the effect of praziquantel on five 

species of cestodes including f. maltilocularis. Tegumental 

alterations and severe vacuolization on exposure to 
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flukicidal drugs have been observed in several species of 

trematodes (Schmahl and Taraschewski, 1987; Zheng and Zhang, 

1988; Gorchilova et al., 1990; Jiang et al.,1990; Jiang and 

Xia, 1992; Schmahl, 1993; Stitt and Fairweather, 1993; 

Xu-lin et al., 1994; Anderson and Fairweather, 1995); the 

extent of damage induced was reported to increase with the 

exposure time. Similar changes were also noticed in the 

tegument of cestode parasites (Imai et al.,1981; 

Delabre-Debayolle et al., 1989; Perez et al., 1994). In 

digenetic flukes, the site of origin of vacuoles was found 

to be basal lamina ( Mehlhorn et al., 1983), whereas in the 

monogenean, Diclidophora spp., vacuoles originated from the 

surface of the tegument (Schmahl and Mehlhorn, 1985). 

Changes also occurred in the tegumental cells which were 

indicative of a disruption in the synthesis and release of 

tegumental secretory bodies; the amount of granular 

endoplasmic reticulum became reduced, the cisternae became 

swollen and their ribosomal convering decreased, the golgi 

complexes disappeared from the cells and the number of 

secretory bodies in the cells also decreased. The 

ultrastractural changes in the tegument arB linked to a 

possible mode of action of the drug as an inhibitor of 

protein synthesis ( Anderson and Fairweather, 1995). 
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Vacuolization and contraction in the parasite body surface 

2+ 

are closely related to the levels of Ca concentration m 

the media used (Bricker et al., 1982; Xiao et al., 1984). 

Disturbances in ion flux across the membrane, leading to 

changes in the tegumental integrity in different trematodes 

on treatment with praziquantel, are well established 

(Bricker et al., 1982; Mehlhorn et al., 1983; Schmahl and 

Mehlhorn, 1985).Sobhan et al.(1986) showed that treatment of 

Opisthorchis viverrini with amoscanate caused severe 

swelling and pit formation, leading to total disruption of 

the surface tegument and suggested that the drug may have 

caused in imbalance in osmosis, thus resulting in impaired 

ion transfer. Perhaps the chemical component in the tuber 

peel extract of F. vestita might bring about permeability 

changes in the tegument of the worm. Disruption of the 

cuticular interface and/ or intestinal epithelium and 

degenerative changes even in the subcuticular region have 

been reported in several nematode species exposed to 

anthelmintics in vitro (Kaur and Sood, 1983; Bogoyavlenskii 

et al., 1988; Semenkov and Akilzhanov, 1988; Xiao et al., 

1989; An, 1990; Storte et al., 1990; Mackenstedt et al., 

1993; Rothwell and Sangster, 1996). 
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Collagen, one of the abundant structural proteins in 

animals, is reported to be present in the basal lamina of 

the cestode tegument ( Smyth and McManus, 1989). However, in 

/?, echinobothriiia, no collagen could be detected as a 

constituent of the tegument. Non detection of collagen 

using histochemical method in the present study may perhaps 

be attributed to the absence of hydroxyproline in the amino 

acid constituents of the cestodes collagen (Torre~ Banco, 

1982). 

It seems tempting to speculate that the death of the 

cestode, R. echinobothrida, on exposure to the crude plant 

extract or genistein, is related to the changes in 

tegumental integrity of the parasite. It may be presumed 

that in vivo, under the effect of the plant tuber peels the 

paralyzed worms are easily expelled from the host gut by 

peristaltic movements. 

(iii)Using indoxyl acetate and acetylthiocholine iodide as 

substrate, the organization of the nervous system in toto 

of R. echinobothrida could be visualized and discerned with 

the histochemical localization of the NSE and ChE. The 

nervous system in this cestode follows the nerve arrangement 

in conformity with the general plan exhibited among the 
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cyclophyllidean cestodes (Wilson and Schiller, 1969; Shield, 

1969; Rahemo, 1993). The specific ChE in the parasite ( as 

revealed by the use of acetylthiocholine iodide as 

substrate) is AChE. The latter is found closely associated 

both with the central and peripheral nervous components in 

cestodes (Maule et al., 1993). A pronounced decline in the 

activity of NSE and AChE was noticeable following treatment 

of R. echinobathrida with 50 mg/ml root- tuber peel extract 

and 0.5 mg/ml genistein both in toto and histological 

preparations. The indigo blue or brown staining of the 

cholinergic components was either very faint or totally 

missing; biochemical assay of AChE in the treated worms also 

indicated a considerable loss of enzyme activity. 

A reduction in the ChE activity following in - vitro 

exposure to anthelmintics or potential anthelminitics of 

plant origin has been reported (Kaur and Sood, 1982; Tin et 

al., 1994). In contrast, a progressively enhancing NSE 

activity along with AlkPase activity in praziquantel-

treated Schistosoma mansoni as reported by Fallon et 

al.(l994 a) is attributed to the drug- induced tegumental 

damage that brings about the exposure of these enzymes 

(normally concealed in the tegument) on the worn surface. 

AChE receptors in platyhelminthes are known to have 
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pharmacological properties different from their mammalian 

counterparts (Mellin et al., 1983). Anthelminthcs including 

organophosphates and praziquantel possibly have a 

neuromuscular mode of action (Mckay et al., 1989; Cox, 1994) 

by interfering with transsmission at nerve- nerve synapse or 

at neuromuscular junction by inhibiting the enzyme (AChE) 

responsible for inactivating the neurotransmitter at the 

synpase (Bryant and Behm, 1989; Raether, 1988). Treatment 

both with the root- peel extract of F. vestita and 

genistein does cause paralysis of the worm which may be a 

result of a depolarizing type of neuromuscular blockage and 

a sustained muscle contraction (Coles et al., 1975; Aubry et 

al., 1980). A flaccid paralysis may also ensue when the drug 

causes hyperpolarization of the muscle membrane, thus 

preventing depolarization (Bryant and Behm, 1989). ACh has 

an inhibitory effect on motility in Hymenolepis diminuta 

(Sukhdeo et al., 1984; Thompson et al., 1986). In the 

treated R. echinobothrid-a also, there may be loss of grip 

to the site of attachment and hence a vermifugal action may 

ensue (Bennett and Depenbusch, 1984). Since the helminth 

AChE differs in sensitivity to inhibition from the mammalian 

counterpart, AChE appears to be a potential target for 

chemotherapy (Barrett, 1981). 
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(iv) Of the four tegumental enzymes studied, AcPase, 

AlkPase, ATPase and 5' - Nu were clearly detectable in the 

parasite at several sites such as the tegument, subtegument, 

somatic musculature and reproductive organs; at no time was 

there any enzyme activity detectable in the parenchyma 

cells. The widespread and impressive amounts of certain 

tegumental enzymes demonstrated in various cestodes suggest 

that they might play a highly significant role in digestion 

or absorption in distinctive tissues ( Smyth and McManus, 

1989). 

In helminths, as in mammals, AcPase is usually 

associated with lysosomes and AlkPase is regarded as 

indiciative of membrane transport mechanisms- In cestodes 

like Hymenolepis diminuta, the phosphates are thought to be 

in proximity to the sugar and nucleoside uptake sites 

(Barrett, 1981). In the present study histochemical and 

biochemical changes occurrecb after treatment with the crude 

root-tuber peel extract of F. vestita ( 50 mg/ml) and its 

purified active principle- genistein (0.5 mg./ml). The 

results of the present investigation indicate that the 

highest activity change was revealed with regard to AcPase 

(97%) and lowest for 5'-Nu (37%) after genistein treatment. 
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The reference drug, praziquantel (0.01 mg/ml) also caused a 

reduction in the enzyme activity somewhat at par with the 

genistein treatment. Histochemically also, the AcPase 

showed much less or negligible staining reaction in the 

tegument following treatment; genistein showed greater 

effectiveness to AcPase in comparison with the crude peel 

extract. A similar observation was made by Gupta and Sharma 

(1973) in several trematode species exposed to treatment 

with hexachlorophene. The inhibition of AcPase activity by 

the plant- derived component observed druing the present 

study may suggest that the absorption and intracellular 

digestion of drugs may involve lysosomes (Colam, 1971). A 

decrease in enzyme activity is probably due to its leakage 

into the medium as a result of the disruption of the 

absorptive surface ( Borgers et al., 1975; Hart et al., 

1977). The occurrence of high concentration of AcPase 

activity in the tegument of R. echinobothrida may well 

indicate similar roles of the enzyme in metabolism and 

active transport,not only in normal carbohydrate metabolism 

(phosphohydrolysis) but also in the active transport of 

metabolites (transphosphorylases- Lumsden, 1975; Barrett, 

1981). The tegument of cestodes represents the major route 

for nutrient absorption. Electron microscopical observations 
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on the cuticle and underlying hypodermis of various species 

of filaroid nematodes have also suggested the presence of an 

active transport mechanism engaged in the exchange of 

materials across the cuticle with the external environment 

(Deas et al., 1974; Vincent et al., 1975; Chen and Howells, 

1981; Franz and Biitther, 1983). 

It is evident from the present investigation that 

AlkPase is much more active in /?. echinobothrida as 

compared to AcPase and is particularly strong in the 

tegument. In adult cestodes AlkPase is usually the most 

active, while AcPase tends to predominate in trematodes 

(Barrett, 1981). AlkPase has been localized on the surface 

of both male and female Schistosoma mansorti worms as a 

result of praziquantel- induced tegumental damage (Mehlhorn 

et al., 1981; Modha et al., 1990; Fallon et al., 1994 a).The 

AlkPase activity was significantly inhibited / reduced by 

86% and 95% after treatment with the crude peel extract of 

F. vestita and genistein component, respectively. In 

Echinococcus mvltilocularis metacestodes, this enzyme is 

localized in the tegument (Pappas, 1983). Delabre- Oebayolle 

et al. (1989) reported inhibition of AlkPase activity by 23% 

and complete inhibition of glucose uptake in these 

metacestodes following treatment with isatin, a known 
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phosphatase inhibitor in vivo and attributed the depletion 

in the enzyme activity to the failure of glucose uptake. 

AlkPase hydrolyzes several phosphoric monoesters and 

influences glucose uptake (Hart et al., 1977; Pappas, 1985). 

Chopra et al. (1991) also showed that some plant extracts 

cause a reduction in both AcPase and AlkPase activity in 

Parsmphistomum cervi in vitro. However, Fallon et al. (1994 

b) observed more than two fold increase in the AlkPase 

activity in the praziquantel- treated S. mansoni and 

attributed this increase to drug- induced tegumental damage 

exposing the normally concealed enzymes on the tegumental 

surface of the worm. 

The present studies revealed that ATPase showed high 

activiity in the control worm. The ATPase activity is widely 

distributed in helminths and probably represents a variety 

of enzymes (Barrett, 1981). Three classes of specific 

ATPase have been described by Firth (1978): (i) protein 

-translocating ATPases catalyzing the synthesis of ATP, 

(ii) other ion - transporting ATPases that normally 

hydrolyze ATP and use energy released for active ion 

transport across plasmalemmal surfaces, and (iii) 

cytoplasmic ATPases associated with contractile systems. The 

latter group has been demonstrated ultrastructurally in 
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myofibrils (Somogyi and Sotonyi, 1969). The localization of 

ATPase in somatic musculature of /?. echinobothri<ia 

indicates that the enzyme occurs in the myobibrils. Since 

ATP plays a prominent role in muscle contraction (Barrett, 

1981), the high concentrations of ATPase detected in 

association with musculature of R. schinobothriiia strongly 

suggest that one of the roles of this enzyme is the 

hydrolysis of ATP in this tissue. The enzyme is known to be 

related to energy metabolisrn, active transport and lipid 

synthesis (Lehninger, 1975). In helminths muscle tissue 

usually has enough ATP to sustain contraction for only a 

fraction of a second (Barrett, 1981); hence high ATPase 

present in R. echinobothricia may be involved in cellular 

regulation of ATP when there is a sudden energy demand. The 

inhibition of ATPase activity in the present study amounted 

to 71% and 88% with the treatment of crude peel extract and 

genistein, respectively. Similar observations have also been 

made for £•. multilocularis after exposure to mebendazole, 

thiabendazole, levamisole and acrisaline; the ATPase 

activity reduced to 50-100% in homogenates of isolated 

scoleces of multilocular hydatids as reported by Benediktov 

(1980).Some drugs, viz., phenathiazines, chlorimazine, 

diethylcarbamazine and centperazine caused significant 
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+2 + + 

inhibition of Ca ATPase and Na -K ATPase of the filarial 

parasitBySetaria cervi indicating thereby that this enzyme 

system could be a common target for the action of 

anthelmintic drugs (Agarwal et al., 1990). 

5'- Nu activity was observed to decrease by 57% 

following treatment with genistein in R. echinobothrida. 

The function of 5'- Nu is not well understood, although its 

role in active transport across plasma membranes has been 

suggested (Mao et al., 1966). In parasitic helminths, 5'-Nu 

activity may be involved with other enzymes in the 

hydrolysis of nucleosides to pyrimidine and purine bases 

(Barrett, 1981). There is also some evidence that this 

enzyme may be involved in the uptake of nucleosides in the 

filarial worms. Onchocerca volvulus and Dirofilaria 

immitis (Walter and Albiez, 1985):5'- Nu may have an 

accessory role in the degradative metabolism of purines and 

pyrimidine nucleotides in the parasite. 

The alterations observed in the activity of the 

tegumental enzymes after treatment with the root-tuber peel 

extract of F. vestita and genistein suggest that the 

tegumental enzymes of the parasite may be a plausible target 

of action for genistein, which appears to act 

transtegumentally. 
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(v) The FAAs composition of R. echinobothrida detected in 

the present study includes 23 amino acids. Of these 15 

(threonine, serine, glutamic acid, proline, glycine, 

alanine, valine, methionine, isoleucine, leucine, tyrosine, 

phenylalanine, tryptophan, histidine, and arginine) 

represent common or standard amino acids. Besides, taurine, 

citrulline, <x~ aminobutyric acid, y aminobutyric acid, and 

ornithine, are non-protein amino acids which could appear as 

metabolic intermediates or neurotransmitters as reported in 

other cestodes ( Eriksson at al., 1995). 

As reported earlier in other cestodes, ( Barrett, 

1991), alanine, proline and glycine, the three non essential 

amino acids, were also found to be predominantly present in 

this parasite. In addition, taurine and valine also 

constituted a major part of its FAA pool. Relatively high 

levels of taurine reported in this bird cestode might play a 

significant role for osmotic balance, since birds 

predominantly synthesize and excrete uric acid instead of 

urea as major nitrogenous waste. The size of the total FAA 

pool in this cestodde was also high ( about 2.7 m moles/lOOg 

fresh wt) as in the case in most cestodes ( Barrett, 1991), 

The high levels of the FAA pool may be physiologically 
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significant in more than one ways: (i) it can provide a 

means to detoxify ammonia, (ii) may play an important role 

in osmotic balance, and /or (iii) may serve as an alternate 

source of energy supply. Il'yasov (1978) earlier reported 

the occurrence of 17 amino acids in R. Bchinobothrida, of 

which one, i.e., lysine was not detected in the present 

study. In qualitative analysis, alanine, valine, and 

ornithine emerged as the major amino acids. There are 

reports that in Hymenolepis diminuta, the major free amino 

acids is alanine (Daugherty,1952; Foster and Daugherty, 

1959; Campbell, 1963; Chappell and Read, 1973; Wack et al., 

1983; Webb, 1986). 

The levels of most of the amino acids detected in the 

control parasite decreased markedly ( about > 50 to 90%) 

having a total decrease of about 53% when the parasite was 

treated with the crude extract of F. vestita. A reduction 

in the FAA pool was also noticed in the parasite treated 

with genistein and praziquantel, with a total decrease of 

about 50% in both the cases. This decrease in FAA pool in 

the treated parasite could be due to an increase in the 

catabolism rate of different amino acids after exposure to 

treatment, since this decrease in amino acid levels was 

accompanied by a marked increase in the level of ammonia 
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which would be formed as a first end product in amino acid 

catabolism. Higher accumulation of ammonia in the parasite 

treated with the crude extract and genestein might be one of 

the causes of paralysis noticed in the prsent study, as 

ammonia is known to have a neurotoxic effect in animals 

(Campbell, 1991). 

Of the helminths that have been so far studies, most 

excrete significant amounts of nitrogen in the form of amino 

acids, peptides or protein (Barrett, 1991). Amino nitrogen 

constitutes 28% of the nitrogenous end products of 

Hymenolepis diminuta ( Fairbairn et al., 1961). The amino 

acids excreted by /?. Bcbinobothricia were glutamic acid, 

valine, isoleucine, leucine, tyrosine, phenylalanine, 

a-aminobutyric acid, )• aminobutyric acid, histdine, 

ornithine, phosphoserine, methonine, fJ-alanine and arginine 

and showed a similar trend to that of H. diminuta (Fairbairn 

et al., 1961).The excretion of amino acids can provide a 

means of detoxyfying ammonia (Barrett, 1991). There was no 

significant difference in the ammonia levels of the control 

and the genistein- treated parasite (Table 8). Some amino 

acids such as alanine and proline may represent true 

metabolic end products; the two amino acids have been found 

to be the major component in the protonephridial tissue 
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fluid of cBstode and trematode parasites (Webster and 

Wilson, 1970; Lutr and Siddiqi, 1971; Zavras and Roberts, 

1984). Though not detected in the incubation medium of the 

control, threonine, and serine were detectable in the 

effluent of the parasite treated with the crude extract or 

praziquantel; the effluent of the treated parasite also did 

not contain ornithine, which was present in control. In many 

invertebrates, and possibly in helminths as well, amino 

acids are involved in the regulation of intracellular 

osmotic pressure; disruption of the osmotic balance when 

helminths are removed from their hosts and incubated in 

vitro could lead to amino acid leakage (Barrett, 1991). The 

differences between the pathways of amino acid metabolism in 

helminths and mammals, particularly in the metabolism of the 

sulphur amino acid and arginine and proline (Barrett, 1991), 

may be exploited in newer drug design.Proline biosynthesis 

inhibitors have shown promise as potential fasciolicides 

(Sheers et al., 1982). In the presence of hexachloroathane 

in the amphistomid fluke, Fischoederius cobboldi, valine 

amino transferase levels increased and leucine and 

isoleucine amino transferases (LAT and ILAT) were 

inhibited, whereas rafoxanide and albendazole caused high 

LAT and ILAT activity (Vanaja and Rao, 1992). Alterations 
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in the free amino acid content of the cestode on exposure to 

genistein indicate an antagonistic potential of this 

phytochemical towards the cestode parasite. In the search 

for newer target sites for anthelmintics development, amino 

acid metabolism of the parasite seems to provide a potential 

tool. 

(vi) Genistein is shown in the present study, to bring about 

considerable change in the activity of tegumental enzymes, 

particularly of AcPase, AlkPase and ATPase, in the cestode 

parasite. Several effects of genistein on cellular 

physiology are now well known e.g., as inhibitor of protein 

tyrosine kinases (PTKs), hexose and dehydroascorbic acid 

transport (Vera et al., 1996), and L- type calcium currents 

(Chiang et al., 1996; Hatakeyama et al., 1996). Genistein 

which is a naturally occurring dietary PTK inhibitor is 

hypothesized to be responsible for the lower rate of breast 

cancer observed in Asian women consuming soyfoods (Peterson 

and Barmes, 1996). The results of the present study prompt 

further investigation in ascertaining the role of this 

phytochemical as anthelmintic. 
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SUMMARY 



The present work incorporates a study on the anthelmintic 

efficacy of Flemingiet vastita 8enth and Hooker, an 

indigenous leguminous plant consumed by the natives in 

North East India. The in-vitro activity of the root- tuber 

peel extract of this plant and its active chemical 

principles was tested against the cestode, Raillietina 

echinobothrida. Changes in physical motility, 

histomorphological alterations, activity of non-specifiic 

and specific esterases that are associated with the nervous 

system, activity of some tegumental enzymes and changes in 

the levels of free amino acid pool and tissue ammonia are 

the parameters for this study. 

(I) Live parasites from domestic fowl were collected in 0.9% 

physiological buffered saline (PBS) and maintained at 

o 

37 ± 1 C. In- vitro treatment of the parasite with the crude 

extract (50 mg/) in PBS revealed complete immobilization of 

the cestode in about 20 min. Exposure of /?. echinobothrida 

to genistein (0.5 mg/ml), an active principle isolated from 

the root-tuber peel, caused spontaneous loss of movement 

(paralysis) in 4.5 h, which was slower than the time 

required for praziquantel, the reference cestodicide. 

77 



(II) Stereoscan and transmission electron microscopic 

observations revealed several tegumental alterations and 

deformity in the treated worms. Alterations in the contour 

of microtriches and disorganization of the tegumental region 

were conspicuously evident; the microtriches showed 

deformity and clumping in the parasite exposed to the crude 

peel extract. The tegument, inner subtegumengtal region and 

muscle layers were the sites predominantly affected by the 

genistein treatment (0,5 mg/ml); the severe distortion and 

disorganization occurred in the region of microtriches, and 

the inner subtegumental region showed pronounced 

vacuolization in comparison to controls. 

(III) With the localization of non-specific esterases and 

cholinesterases, the organization of cholinergic components 

of the nervous system in toto could be visualized in the 

cestode; a pattern in conformity with the general plan of 

nervous system in cyclophyllidean cestodes was revealed. 

The cholinesterase in the parasite is acetylcholinesterase. 

Both non-specific esterases and cholinesterase were found 

in close association with the central and peripheral nervous 

components, besides being present in the tegument and 
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muscular parts of the terminal male genitalia. The whole 

tissue homogenate of the parasite also showed a high 

acetylcholinesterase activity. After exposure to the crude 

peel extract (50 mg/ml) and genistein (0.5 mg/ml), a 

pronounced decline in the visible stain intensity in the 

cholinergic components of the nervous system and tegument 

was noticeable, indicating extremely reduced activity of 

nonspecific esterases and cholinesterase in these sites. The 

total acetylcholinesterase activity was also reduced to 

49.07% and 56.77%, following treatment with the peel 

extract and genistein, respectively. The reference drug, 

praziquantel (0.01 mg/ml) also caused a reduction in the 

enzyme activity, somewhat at par with the genistein 

treatment. 

Alteration in the acetylcholinesterase activity points 

towards acetylcholine, an inhibitory neurotransmitter in 

« 

cestodes, as a potential target of action. 

(IV) Acid phophatase, alkaline phosphatase, adenosine 

triphosphatase and 5'- nucleotidase are predominantly 

distributed in the tegument, subtegument and somatic 

musculature. After exposure to the crude extract and 

genistein, a pronounced decline in the visible stain 
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intensity was observed indicating very less or no activity 

in these sites. Quantitatively the activity of AcPase, 

AlkPase , ATPase and 5 '-Nu was found to be supressed by 

97%, 95%, 88% and 57%, respectively, following genestin 

treatment. The reference drug, praziquantel also caused 

a reduction in the enzyme activity, somewhat similar with 

the genistein treatment. 

(V) Using high performance liquid chromatography 

phosphoserine, taurine, phosphoamine, threonine, serine, 

glutamate, proline, glycine, alanine, citrulline, valine, 

methionine, isoleucine, leucine, tyrosine, phenylalanine, ft-

alanine, a-aminobutyric acid, Y" aminobutyric acid, 

tryptophan, histidine, ornithine, arginine and ammonia were 

detected in the tissue homogenate of the parasite both 

qualitatively and quantitatively. After exposure to the 

crude extract ( 50 mg/ml) and genistein (0.5 mg/ml), 

alterations were noticeable in the free amino acid pool. 

Following genistein treatment, quantitatively the contents 

of phosphoserine, taurine, fJ-alanine.a- aminobutyric acid, 

tryptophan, histidine and valine were significantly lower 

and glutamate, methionine, isoleucine, ̂ - aminobutyric acid 

and ammonia were slightly higher than those in the control; 
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phosphoamine, citrulline and ornithine were not detectable. 

The reference drug, praziquantel (O.Ol rag/ml) also caused 

a quantitative reduction in the free amino acid contents of 

the parasite, somewhat at par with the genistein treatment. 

(VI) The active principle ( genistein) of F. vestita root 

peel suggestively acts transtegumentally on the parasite. In 

view of the known effects of genistein on cellular 

physiology, anthelmintic role of this chemical of plant 

origin needs to be further ascertained. 
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