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Abstract

The alcoholic crude root-peel extract of Flemingia vestita and its major isoflavone, genistein, have been shown to have a vermifugal/
vermicidal effect by causing a flaccid paralysis accompanied by alterations in the structural architecture of the tegumental interface and metabolic
activity in Raillietina echinobothrida, the cestode of domestic fowl. In the present study, the crude root-peel extract and pure genistein were tested
in vitro with respect to Ca”* homeostasis and the occurrence of some metal ions was detected in the parasite. Live cestodes were incubated in pre-
defined concentrations of the crude root-peel extract, genistein and praziquantel (as reference drug), till the paralysis time with simultaneous
maintenance of respective controls. In the parasite tissue, a significant amount of Ca>* (~400 pg/g dry tissue wt) was found 1o be present besides
magnesium, iron, zinc, lead and chromium, whilst manganese, cadmium and nickel were below the level of detection. The Ca®* concentration was
decreased significantly by 39%—49%, in the parasite tissue exposed to the test materials in comparison to the respective controls. There was also
an increase in Ca>* efflux by 91%—160% into the culture medium under similar treatments. The changes in Ca®* homeostasis may be related to
the rapid muscular contraction and consequent paralysis in the parasite due to the anthelmintic stress caused by the phytochemicals of F. vestita.

© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

In traditional medicine, the natives of Meghalaya conven-
tionally use the edible root tuber of Flemingia vestita

aeor verger oEnpFabae o) apainst-intostinal helminths. The putative anthel-

mintic isoflavones — genistein, formononetin, pseudobapti-
genin and daidzein [1] — of the alcoholic crude root-peel
extract of F vestita have been shown to have vermifugal/
vermicidal effect against cestodes and trematodes [2]. These
phytochemicals, genistein in particular, caused rapid muscular
contraction followed by flaccid paralysis and alterations in
the tegumental architecture (deformity, blebbing, vacuoliza-
tion) in Raillietina echinobothrida, the cestode of domestic
fowl [3]; these changes were also accompanied by alterations
in the activities of several enzymes/metabolic processes in
the parasite under the stress of the plant-derived components
[4-8].
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Praziquantel (PZQ) induced paralysis and tegumental
disruption in Schistosoma mansoni [9,10]; these changes,
having been led by a rapid, sustained muscular contraction
[11], were attributed to disturbed Ca>* homeostasis [12,13].
Similar changes, induced by other drugs viz. calcium ionophore
A-23187 and benzodiazepine Ro 11-3128, were also observed
by Blair et al. [14] and Martin et al. [15]. Recent studies have
shown that PZQ interacts with  subunit of voltage-gated Ca®"*
channel and responsible for changes in Ca®" homeostasis in S.
mansoni [16—19]. Ca®, which is stored in the calcareous
corpuscles of many cestodes, especially in the metecestode
stages, is intimately involved in both muscle contraction and
many aspects of cell movement controlled by the cytoskeleton
[20]. Enzymes like glycogen phosphorylase, glycogen synthase
and protein kinases are also allosterically regulated by various
modulators, for which Ca** plays a key role [21,22].

In the quest to find the plausible mode of action of the
putative anthelmintic active principles of F. vestita, it seemed
desirable to ascertain whether or not the changes in Ca®"
homeostasis are associated with the onset of paralytic state in
the parasite, consequent to the exposure of the test phytochem-
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icals. Hence, Ca”" in the parasite, R. echinobothrida, formed the
parameter for the present study, while simultaneously the
occurrence of some other elements was also detected.

2. Materials and methods
2.1. Parasites and treatments

Live parasites were recovered in 0.9% phosphate buffered
saline (PBS, pH 7.2) from the intestine of freshly slaughtered
host. The alcoholic crude root-peel extract of F. vestita was
obtained as per the method described earlier [2]. Genistein
was obtained from Sigma Chemicals (St. Louis, USA), while
PZQ (Droncit), the reference drug, was from Bayer (India).
For each treatment and its respective control the parasites
were taken from a single host. About 2 g wet wt of the
parasite (5—6 specimens) was exposed to previously defined
concentrations of the test materials (5, 10, 20 and 50 mg/ml
of the crude root peel extract; 0.2 and 0.5 mg/ml of genistein
and 1, 5, and 10 pg/ml of PZQ) dissolved in 1%
dimethylsulfoxide (DMSO) in 10 ml of PBS at 38+1 °C,
with simultaneous maintenance of controls for each treatment
in PBS containing 1% DMSO. As determined through earlier
studies, at these concentrations of the test materials the onset
of paralysis in the cestode occurred at about 6, 4, 2 and 0.3
h for the crude root peel extract, 7 and 5 h for genistein and
3, 1 and 0.5 h for PZQ, post incubation, while the controls
did not show any paralysis and survived for 72+0.05 h [2].
The mentioned doses of the test materials were thus chosen in
order to ascertain the changes in the Ca* influx or efflux and
to correlate the same with the earlier studies relating to
alterations in the surface tegument and carbohydrate metab-
olism of the parasite under similar treatment conditions [3—8].
Flaccid paralysis (the reversible loss of motility due to the
rapid, sustained muscular contraction) in the treated parasites
was monitored by bringing back the parasites periodically (at
every 15 min gap) to the warm 0.9% PBS (45+1 °C, heat
stimulus) to examine their motility [2].

2.2. Measurement of Ca’" in tissues

The parasites exposed to the various treatments and their
respective controls were collected at the paralysis time for the
measurement of Ca®" [23]. However, the physiological levels
of different elements were measured in the freshly collected
parasites only. About ~2 g fresh tissue of the parasite was dried
using a lyophilizer (Heto Lyolab 3000). Approximately 0.5 g of
the powdered sample was digested in 10 ml of concentrated
HNO; in a 250 ml conical flask for overnight at 50 °C and the
digested solution was kept for 1-2 h on a hot plate at 70—80
°C for complete evaporation of the acid, followed by addition
of 10—-20 ml deionised double-distilled water. The solution was
filtered through Whatman filter paper (110 mm @) 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 elements at 422.7 nm using a Perkin Elmer
Atomic Absorption Spectrophotometer (Model 3110).

2.3. Measurement of Ca’" in culture media

The incubation media (0.9% PBS) of the treated parasites and
their respective controls were also collected immediately after
the paralytic state set in. The solution was centrifuged at 600 x g
for 20 min to precipitate out the debris present, if any, in the
incubation media. The final volume of the supernatant was made
to 100 ml and taken for the analysis of effluxed Ca®". The rate of
Ca®" efflux into the culture medium at the time of paralysis in the
various treatments is expressed as ‘pg per g dry tissue wt per
hour’. The rate of Ca** efflux was calculated by dividing the
amount of Ca®" per gram dry tissue weight effluxed into the
medium at the paralysis time by the time (h) taken for paralysis at
the respective treatment condition. In the case of controls, for
calculating the rate of Ca*" efflux, the incubation medium was
taken at 6, 6 and 3 h, i.e., the maximum time that the respective
treatments (crude root-peel extract, genistein and PZQ) took to
show the onset of paralysis in the parasite,

2.4. Statistical analysis

Data from 4-5 replicates were statistically analyzed and
expressed as meantSEM and P<0.05 was regarded as
statistically significant. The paired mean values between the
experimental and respective controls were compared using
Student’s -test [24].

3. Results

The presence of some elements and their concentration in
quantitative terms in the parasite tissue is depicted in Table 1.
Out of the elements detected, the concentration of magnesium
was found to be the highest (~1400 pg) and that of chromium,
the lowest (~12 pg), while manganese, cadmium and nickel
were below the level of detection. Since Ca’" has been
implicated in bringing about trans-tegumental permeability
changes in the parasite’s interface [20], the status of Ca®" as
under the influence of the various test materials was
investigated further. A significant amount of Ca®" (350—400
ug/g dry tissue wt) was found to be present in control parasites.
However, a decline in the Ca®* concentration in the tissue was
recorded in the parasite exposed to all the test materials (Table
2). The Ca*" concentration decreased significantly by 47%-—

Table 1

Levels of elements (pg/g dry tissue wt) present in R. echinobothrida
Elements Concentration
Calcium 394+ 14
Chromium 12+1
Manganese BLD
Cadmium BLD
Lead 24+2
Nickel BLD
Iron 1185443
Zinc 387+7
Magnesium 1396433

Values are expressed as mean+SEM (n=5).
BLD — Below the level of detection.
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Table 2
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Effects of crude root-peel extract of I vestita, genistein and PZQ on the concentration of Ca®* (ug/g dry tissue wt) in the parasite tissue and Ca®" efflux (ug/g dry

tissue wt) by R. echinobothrida into the incubation medium at paralysis time

Treatment (onset of paralysis, time in h)

+ : : :
Ca®" concentration (parasite’s tissue)

Ca®" efflux (incubation mediun)

1.a. Control*

1.b. Crude root-peel extract
5.0 mg/ml (5.94£0.5 h)
10.0 mg/ml (4.08 +0.1 h)
20.0 mg/ml (2.03+0.08 h)
50.0 mg/ml (0.3+0.01 h)

2.a. Control*

2.b. Genistein
0.2 mg/ml (6.7+0.04 h)
0.5 mg/ml (4.4+0.07 h)

3.a. Control*

3.b. PZQ
1 pg/ml (2.9£0.05 h)

5 pg/ml (0.89£0.04 h)
10 pg/ml (0.47+0.07 h)

266.7+31.3

266.7+31.3

256.9+25.4

136.616.5 (—49)°"
139.5+2.7 (—48)°
141.044.2 (—47)°
138.8+3.6 (—48)°

162.5+4.1 (—39)°
159.8+3.1 (—40)°

1421459 (—45)"
139.944.2 (—46)*
136.2+3.8 (—47)"

73.2+£2.6

149.4+3 .3 (+100)°
139.9+4.3 (+91)°
151.143.7 (+106)°
146.0+2.7 (+99)°
73.2+2.6

159.4+2.4 (+118)°
163.625.3 (+123)
46.8+12

90.9+1.6 (+94)°
110.3+2.3 (+136)°
121.7+3.6 (+160)°

Values are expressed as mean +SEM (n=5).

Percentage increase (+) and decrease (—) of Ca®* concentration or Ca®" efflux compared to the respective controls are given in parentheses.

&b ¢ p yalue significant at >0.05, >0.01 and >0.001, respectively, in treatments compared with their respective controls.

* Controls in 0.9% PBS survived for 72+0.05 h [2]; however, the control parasites and control incubation media were taken for measurements at 6, 6 and 3 h in the
case of crude root-peel extract, genistein and PZQ, respectively, in order to compare with the respective treatment conditions.

49%, 39%—40% and 45%—47%, respectively, in treatments
with the crude root-peel extract, genistein and PZQ. In
corroboration with this decrease in the Ca”" concentration in
the tissue as influenced by these treatments, the Ca®"

Rate of Ca®* efflux (ug/g dry tissue wt/h)

Crude peel extract

Genestein PZQ

Fig. 1. Effects of crude root-peel extract of F vestita, genistein and PZQ on the
rate of Ca®" efflux (ng/g dry tissue wt/h) by R. echinobothrida into the
incubation medium at paralysis time. The rate of Ca®" efflux was calculated by
dividing the amount of Ci* per g dry tissue wt effluxed into the medium at the
paralysis time by the time (h) taken for paralysis at the respective treatment
condition.

concentration in the incubation medium was found to be
increased by 91%—106%, 118%—123% and 94%-160%,
respectively, indicating thereby an increased efflux of Ca**
into the medium (Table 2). The rate of Ca’* efflux into the
medium has also been shown in Fig. 1.

4. Discussion

The presence of elements like calcium, copper, manganese,
magnesium, lead, iron, nickel, zinc and potassium has been
reported in some helminth parasites, viz., amphistomid trema-
todes [25], nematodes and cestodes [26—28]. In the present
study, elements like calcium, chromium, lead, iron, zinc and
magnesium were detected in the parasite, R. echinobothrida.
However, some of the elements like manganese, cadmium and
nickel were below the level of detection. Though Mg”" is present
in higher concentration in the parasite, Ca>" is known to play a
key role during rapid sustained muscular contraction [22].

In vitro, PZQ caused vacuolization, muscle contraction and
ultimately paralysis in S. mansoni and these changes were
attributed to an increased Ca’' influx by the drug [29].
However, Mg?" competitively blocked the Ca®' influx by
blocking the Ca®" permeable sites, which are targets of PZQ
under elevated Mg”*/Ca®" ratio leading to flaccid paralysis
[30]. Besides Schistosoma spp, PZQ was also found to be
effective against other trematodes and cestodes [31]. In
cestodes the similar effect, i.e., paralysis, caused by PZQ was
attributed to the increased Ca®" efflux [32,33]. In the adult liver
flukes, Opisthorchis viverrini, PZQ was reported to cause
depolymerization of the microtrabecular network that led to
vacuolization, swelling, blebbing, tegumental disorganization
and breakdown of myofilaments in the muscle cells through the
induction of Ca®' influx [34]. Besides PZQ, other chemother-
apeutics are also known to cause vacuolization and disruption
of the surface tegument and also muscular paralysis in several
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parasite species [35,36]. 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 [37,38]. In the present study, the crude
root-peel extract, genestein and PZQ caused a significant
decline (p<0.05) in Ca*" concentration (39%—49%) in the
parasite tissue in comparison to the respective controls. In
corroboration with the decrease of Ca®" concentration in the
tissue, there was a significant increase of Ca®" concentration
(91%~-160%) in the incubation medium, indicating thereby an
increased efflux of Ca®" into the medium during the treatments.
Though the concentration of Ca®" in the medium remained the
same at the paralysis time at different dosages of treatments,
the rate of Ca®" efflux into the medium was greatly varied (Fig.
1). The dose-dependant increased Ca®* efflux indicates that the
crude root-peel extract, genestein and PZQ bring out the Ca®*
efflux in the parasite during the rapid sustained muscular
contraction followed by paralysis. This is in conformity with
the observations of Prichard et al. [32], who found a
comparable decrease in the tissue Ca" levels in Hymenolepis
diminuta treated with PZQ.

The test phytochemicals in the present study, genistein in
particular, seem to affect the Ca®* homeostasis (by way of
altering the Ca®" flux into or through the parasite’s tegumental
interface) that, in turn, leads to such detrimental changes in the
parasite [2]. Perhaps the changes in the Ca?" homeostasis in the
parasite subsequently also lead to changes in the activities of
several enzymes/metabolic processes [5-8] in the parasite
under the high energy demand because of the anthelmintic
stress caused by the plant-derived components.

Acknowledgements

The study was supported under the DRS-III programme of
the University Grants Commission to the Department of
Zoology, NEHU. Our thanks are also due to the Director,
SIAF, and Coordinator, Bio-informatics Center, NEHU, for
allowing the use of Atomic Absorption Spectophotometry
facility and on-line facilities, respectively.

References

[1] Rao HSP, Reddy KS. Isoflavones from Flemingia vestita. Fitoterapia
1991;62:458.

[2] Tandon V, Pal P, Roy B, Rao HSP, Reddy KS. In vitro anthelmintic
activity of root tuber extract of Flemingia vestita, an indigenous plant in
Shillong, India. Parasitol Res 1997;83:492—8.

[3] Pal P, Tandon V. Anthelmintic efficacy of Flemingia vestita (Fabaceae):
genistein-induced alterations in the ultrastructure of the tegument in the
cestode, Raillietina echinobothrida. J Parasit Dis 1998;22:104-9.

[4] Pal P, Tandon V. Anthelmintic efficacy of Flemingia vestita (Fabaceae):
genistein-induced alterations in the activity of tegumental enzymes in the
cestode, Raillietina echinobothrida. Parasitol Int 1998;47:233-43.

[5] Tandon V, Das B, Saha N. Anthelmintic efficacy of Flemingia vestita
(Fabaceae): effect of genistein on glycogen metabolism in the cestode,
Raillietina echinobothrida. Parasitol Int 2003;52:179—83.

[6] Das B, Tanden V, Saha N. Anthelmintic efficacy of Flemingia vestita
(Fabaceae): alterations in glucose metabolism of the cestode, Raillietina
echinobothrida. Parasitol Int 2004;53:345—50.

[7] Das B, Tandon V, Saha N. Anthelmintic efficacy of Flemingia

vestita (Fabaceae): alteration in the activities of some glycolytic en-

zymes in the cestode, Raillietina echinobothrida. Parasitol Res 2004;

93:253-61,

Das B, Tandon V, Saha N. Effects of phytochemicals of Flemingia vestita

(Fabaceae) on glucose 6-phosphate dehydrogenase and enzymes of

gluconeogenesis in a cestode (Raillietina echinobothrida). Comp Bio-

chem Physiol Part C 2004;139:141-6.

[9] Becker B, Mehlhorn H, Andrews P, Thomas H, Eckert J. Light and
electron microscopic studies on the effect of praziquantel on Sehistosoma
mansoni, Dicrocoelium dendriticum and Fasciola hepatica (Trematoda)
in vitro. Z Parasitenkd 1980;63:113-28.

[10] Mehlhorn H, Becker B, Andrews P, Thomas H, Frenkel JK. In vivo and in
vitro experiments on the effects of praziquantel on Schistosoma mansoni.
A light and electron microscopic study. Arzneimittelforschung 1981;31:
544-554.

[11] Fetterer RH, Pax RA, Bennett JL. Praziquantel, potassium and 2,4-
dinitrophenol: analysis of their action on the musculature of Schistosoma
mansoni. Eur J Pharmacol 1980;64:31—8.

[12] Day TA, Bennett JL, Pax RA. Praziquantel: the enigmatic antiparasitic.
Parasitol Today 1992;8:342—4.

[13] Redman CA, Robertson A, Fallon PG, Modha J, Kusel JR, Doenhoff MJ L
et al. Praziquantel: an urgent and exciting challenge. Parasitol Today
1996;12:14-20.

[14] Blair KL, Bennett JL, Pax RA. Schistosoma mansoni: myogenic
characteristics of phorbol ester-induced muscle contraction. Exp Parasitol
1994;78:302—-16.

[15] Martin RJ, Robertson AP, Bjorn H. Target sites of anthelmintics.
Parasitology 1997;114:S111-24.

[16] Kohn AB, Anderson PA, Roberts-Misterly JM, Greenberg RM. Schisto-
some calcium channel beta subunits. Unusual modulatory effects and
potential role in the action of the antischistosomal drug praziquantel.
J Biol Chem 2001;276:36873 6.

[17] Kohn AB, Roberts-Misterly JM, Anderson PA, Khan N, Greenberg RM.
Specific sites in the Beta Interaction Domain of a schistosome Ca®"
channel beta subunit are key to its role in sensitivity to the anti-
schistosomal drug praziquantel. Parasitology 2003;127:349—56.

[18] Kohn AB, Roberts-Misterly M, Anderson PA, Greenberg RM. Creation
by mutagenesis of a mammalian Ca®" channel beta subunit that confers
praziquantel sensitivity to a mammalian Ca®" channel. Int J Parasitol
2003;33:1303-8.

[19] Greenberg RM. Are Ca®* channels targets of praziquantel action? Int J
Parasitol 2005;35:1-9.

[20] Bryant C, Behm AC. Biochemical adaptation in parasites. London
Chapman and Hall; 1989.

[21] Bollen M, Keppens S, Stalmans W. Specific features of glycogen
metabolism in the liver. Biochem J 1998;336:19—31.

[22] Nelsen DL, Cox MM. Lehninger’s principles of biochemistry. 3rd edn.
New York: Worth Publications; 2000.

[23] Valkovic V. A technical document issued by the Institute of Atomic
Energy Agency. Vienna, Austria: IAEA; 1983.

[24] Croxton FE, Cowden DJ, Klein S. Applied general statistics. New Delhi:
Prentice Hall; 1982.

[25] Tandon V, Roy B. Analysis of trace elements of some edible trematodes
parasitzing the bovine hosts. Curr Sci 1994:67:548 —9.

[26] Barus V, Tenora F, Kraémar S, Prokes M, Dvofadek J. Microelement
contents in males and females of Anguillicola crassus (Nematoda:
Dracunculoidea). Helminthologia 1999;36:283 5.

[27] Tenora F, Barug V, Kraémar S, Dvotacek J. Concentrations of some heavy
metals in Ligula intestinalis plerocercoids (Cestoda) and Philometra
ovata (Nematoda) compared to some of their hosts (Osteichthyes).
Helminthologia 2000;37:15-8.

[28] Barus V, Tenora F, Kraémar S. Heavy metal (Pb, Cd) concentrations in
adult tapeworms (Cestoda) parasitizing birds (Aves). Helminthologia
2000;37:131-6.

[29] Bricker CS, Depenbusch JW, Bennett JL, Thompson DP. The relation
between tegumental disruption and muscle contraction in Schistosoma
mansoni exposed to various compounds. Z Parasitenkd 1983:69:61—71.

[8

=



B. Das et al. / Parasitology International 55 (2006) 17—21 21

[30] Blair KL, Bennett JL, Pax RA. Praziquantel: physiological evidence for its
site(s) of action in magnesium-paralysed Schistosoma mansoni. Parasitol-
ogy 1992;104:59-66.

[31] Andrews P. Praziquantel: mechanisms of anti-schistosomal activity.
Pharmacol Ther 1985;29:129-56.

[32] Prichard RK, Bachmann R, Hutchinson GW, Kohler P. The effect of
praziquantel on calcium in Hymenolepis diminuta. Mol Biochem Parasitol
1982;5:297-308,

[33] Martinez ZG, Hoyo BC, Amezcua J, Gonzalez BD. Verapamil does not
block the spastic response of Praziquantel on the larvae of Taenia
pisiformis. Arch Med Res 1992;23:73 7.

[34] Apinhasmit W, Sobhon P. Opisthorchis viverrini: effect of praziquantel on
the adult tegument. Southeast Asian J Trop Med Public Health
1996;27:304—-11.

[35] Nelson NF, Saz HJ. Hymenolepis diminuta: effects of amoscanate on
energy metabolism and ultrastructure. Exp Parasitol 1983;56:55-69.

[36] Shuhua X, Hotez PJ, Tanner M. Artemether, an effective new agent for
chemoprophylaxis against schistosomiasis in China: its in vivo effect on
the biochemical metabolism of the Asian schistosome. Southeast Asian J
Trop Med Public Health 2000;31:724-32.

[37] Schmahl G, Mehlhorn H. Treatment of fish parasites 1. Praziquantel
effective against monogenea (Dactylogyrus vastator, Dactylogyrus exten-
sus, Diplozoon paradoxum). Z Parasitenkd 1985;71:727-37.

[38] Sobhon P, Wanichanond C, Sattongdee P, Koonchornboon T, Bubphaniroj
P, Upatham ES, et al. Scanning electron microscopic study of Ophis-
thorchis viverrini tegument and its alterations induced by amoscanate. Int
J Parasitol 1986;16:19-26.



