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ACTION OF PRAZIQUANTEL ON CALCIUM TRANSPORT
IN HYMENOLEPIS DIMINUTA
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Abstract. Effect of praziquantel oninward and outward Ca** fluxes was investigated in Hymenolepis
diminuta in glucose supplemented balanced electrolyte solution and under conditions of glucose/Mg:
deficicney. The 45Ca** uptake in freshly isolated worms presented, gencrally, a biphasic kinetics.
This comprised of an initial fast uptake phase, followed by a continued slower influx. The initial
fast kinetics showed insensitivity to or stight stimulation by praziquantcl depending on its concentra-
tion, and such stimulatory action was particularly prominent under Mg+ * deficient condition (P <
0.01). The subsequent slower 45Ca-+ uptake was, however, markedly inhibited by the drug under
hoth these conditions (P < 0.01). Glucose starvation of the worms resulted in abolition of the fast
45Ca" * influx phase and uniform inhibition by the praziquantel without any indication of initial
stimulatory cffect (P < 0.01). The extrusion of 45Ca+* from the label preloaded worms was stimulated
by praziquantel under all the conditions investigated (P < 0.01).

Praziquantel (2-cyclohexylecarbonyl)-1,2,3,6,7,11 b-hexa-hydro-2H-pyrazino(2-1-a)
isoquinoline-4-one) is a new antihelminthic agent possesing both antischistosomal
(Gonnert and Andrews 1977) and anticestocidal (Thomas and Andrews 1977)
activity. The drug induces rapid contractures in representive species of both these
groups and this effect is associated with accumulation of external Ca*+ in Schistosoma
mansont (Pax et al. 1978). Fetterer et al. (1980) observed that praziquantel (Pz)
causecs elevation also of its Mg++ content in a high Mg*+ environment, which trans-
forms the drug induced sustained contracture into transient one; a modification
similar to that induced by glucose deficiency in case of high K+ induced contractures
of isolated guinea pig T'aenia coli muscles fibres (Urakawa and Holland 1964).

Involvement of environmental Cat+ in the mechanism of 8. mansons contracture
is suggested also from rapid attenuation of this response in a Ca** free medium.
Mussie et al. (1982) observed a parallelism between Cat+ efflux from these worms
in a zero Ca~ medium and the responsiveness of their musculature to praziquantel.
The mode of action of this drug on the cestode musculature, however, has received
scant attention so far. An investigation of Prichard et al. (1982) on Hymenolepis
diminuta showed inhibition of Cat* influx of praziquantel which is quite opposite
to the pattern noted with S. mansoni. However, whereas the contracture inducing
action manifests itself with great rapidity, the Cat+ influx in their experiments was
followed after considerable time lag subsequent to drug exposure. The present study
more closely examined the change induced in the calcium influx and efflux kinetics
by praziquantel in H. diminuta, in a glucose supplemented balanced electrolyte
medium and in glucose or Mg++ deficient environments.

MATERIALS AND METHODS

H. diminata were collocted from the small intestines of albino rats 14 to 16 days p.i. (Voge and
Turner 1956). The worms were removed by flushing the intestines with balanced clectrolyte solution
(BES) (Mettrick and Jackson 1979) followed by thorough washing with the same medium. Only
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the anterior portions of the worm strobila (15 to 20 cm) with intact scolices were used in the experi-
ments. Praziquantel was obtained as a kind gift from Dr. H. Thomas of Bayer Institute of Chemo-
therapy, Wuppertal, West Germeny. A stock solution of the drug was prepared in ethanol (1 mg/ml)
which was appropriately diluted with BES before addition to the worms.

45Ca++ uptake and efflux measurement. The worms were pre-incubated for 46 minutes in a sha-

king water bath in respective media (details in the legends to the figures) for equilibration. The incu-
bated worms were then divided into several flasks, so that each of them contained two worms of ap-
proximately equal size in fresh 5 ml quantity of the same medium supplemented with 10 (Ci 45CaCl,
(specific activity 50 mCi/g, obtained from BARC, Bombay). These flasks were again mounted in
the shaking water bath and a duplicate set was removed at different time intervals. The worms
from each sample were washed thrice through quick changes of chilled medium containing 5 mM
ethylene glycol-bis(3-aminoethyl ether)N,N'N’-tetra acotic acid (EGTA). The washed worms were
blotted dry on filter paper at the indicated time interval and homogenised in 10 9, trichloroace-
tic acid (TCA) in Potter Elvehjem homogeniser and the TCA precipitate was pelleted by centrifu-
gation at 3000 g. The radioactivity was estimated both in TCA precipitate (after its solubilization
in 0.2N NaOH) and the supernatant in a Packard Tricarb Liquid Scintillation Counter as repor-
ted earlier (Dube and Sagar 1981).
The radioactivity in these estimations being almost exclusively (98 to 100 %) associated with the
TCA supernatant (as found by Urakawa and Holland 1964 for T'aenia coli muscles). The radioacti-
vity found in the supernatant was, therefore, taken as measure of 45Ca*+ incorporation in the worros
and was compared in terms of radioactivity per mg protein (latter determined in the correspending
solubilized TCA. precipitate by the procedure of Lowry et al. 1951).

For 45Ca++ offlux measurements, the worms were preloaded with 45Ca++ by incubation in respective
media for 60 minutes. These labelled worms, after being washed similarly, were transferred to a fresh
aliquot of the non-radioactive medium of the same composition. The worms were removed from the
medium at indicated intervals and the efflux of the radioactivity from these 45Cat+ preloaded worms
was followed both by following the activity in the medium as well as in the TCA supernatants of
the worms.

The data presented are generally average of at least two independent repetitions using different
batches of the parasites. The results were statistically analysed for S.E. and for chi-square analysis
(x?) to find out the significance difference, if any (Fisher and Yates 1948).

RESULTS

The 45Ca*+ influx in H. déminute presented a biphasic kinetics (Fig. 1). The rate
of the radioactivity uptake was thus repeatably and significantly higher during the
first few minutes, while a slower progressive increase in the label uptake continued
throughout the 60 minutes duration of the experiments (P < 0.01). Progressive
slow uptake of 45Ca*+ has been reported by Prichard et al. (1982) even 2 hr after

the supply of the label, showing that complete specific activity equilibrium between

the external and internal 45Ca*+ in these worms is indeed a slow process. The final
60 minute uptake values were significantly inhibited by both the praziquantel con-
centrations tested. The effect was, however, relatively slight during the first 30 minutes
and slight stimulation of the uptake was, in fact, usually indicated at the lower drug
level during the early phase.

The Mg++ deficiency in the medium caused a decrease in the slope of the initial
fast influx, with increase in its duration (Fig. 2). The overall 4Ca*+ uptake under
this situation beyond 30 minutes period was, thus considerably higher as compared
to that in normal 500 pg/ml glucose supplemented BES {(GBES) (P > 0.01). Further,
the stimulatory action of praziquantel in respect of the initial uptake was particularly
prominent under the Mg++ deficient condition (P < 0.01).

Effect of glucose starvation on4s Ca*+ influx

Pre-incubation of H. déminuta for 4 hr in balanced electrolyte solution in the absence
of glucose resulted in abolition of the fast 45Cat* influx component of the uptake
(Figs. 1 and 3). The praziquantel in these worms caused a more pronounced and
uniform inhibition of the radioactivity uptake in the worms (P < 0.01).
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Fig. 1. The effect of praziquantel on 45Ca* -
uptake by H. diminuta. Equilibrated worms
were incubated in GBES supplemented with
45Ca*+ in absence (o) or presence of

3.13 X 1006 M (a) or 3.13 X 10-7 M (e)
praziquantel.

)
8
o
o

3
S
)

5
3

Relative specific radioactivity
(cpm/mg protein

Fig. 8. The effect of praziquantel on 45Ca**
uptake in glucose starved H. diminuta.

The worms were pre-incubated for 4 hr

in BES and then further incubated in fresh
45Catt supplemented BES in absence (o) or
presence (x) of 3.13 X 10-6 M praziquantel.
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Fig. 2. The effect of praziquantel and Mg++
deficiency on 45Cat+ uptake in H. diminuta.
The isolated worms after equilibration

in normal GBES or Mg+t deficient GBES
were removed and resuspended in respective
45Ca*++ supplemented media in absence or
presence of 3.13 X 10-6 M praziquantel.
GBES (0); Mgtt deficient GBES (x);

GBES + Pz (e); Mgt+deficient GBES 4 Pz (a).
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Fig. 4. Effect of Mg*+ deficiency and prazi-
quantel on the efflux of 45Ca++*in H. diminuta.
The isolated worms were labelled in 45Ca*
supplemented GBES or Mg "+ deficient GBES
for 60 minutes, followed by washing through
4 changes of respective non-radioactive media.
The 45Ca*+ preloaded worms were then trans-
ferred in respective non-radioacitve media
(2 ml) with or without praziquantel to follow
45Catt offlux. GBES (o); Mgt++ deficient
GBES (n); GBES + Pz (a); Mgt+ deficient
GBES + Pz (x). Pz = 3.13 X 10 ¢ M.
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45Ca++ efflux from preloaded worms

Calecium efflux estimations both in terms of 45Cat* levels in the external media as
well as residual radioactivity in the worms indicated an exponential efflux pattern
(only the latter data are presented in Figs. 4—>5). The pattern of these worms %'emained
more or less altered by glucose deprivation in the medium, although the initial load
of radioactivity under this condition was reduced, as expected. Mg+* deﬁciency also
did not have any major effect on the efflux pattern, but praziquantel generally stimul-
ated the efflux rates in all the various media examined, viz. the normal GBES, Mg*+
deficient GBES and the glucose deficient BES (P < 0.01).
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isolated worms were pre-incubated in GBES or BES
for 4 hr and then again in respective fresh 45Cat+
supplementd media for 60 min. The labelled worms
after washing as usual were transferred to corres-
ponding non-radioactive media with or without
praziquantel to follow 4sCat+ efflux. GBES (o);

Time (min) GBES + Pz (a); BES + Pz (X); BES (o).
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DISCUSSION

Prichard et al. (1982) in view of opposite action of praziquantel on 45Ca*+ influx
in H. diminuta and S. manson? postulated different sources of the threshold myco-
plastic Ca++ concentrations in the two cases. The contracture inducing Cat* levels
according to this hypothesis are derived presumably throught the release of bound
internal calcium in the tapeworm, while through uptake of extra-cellular Ca*+ in the
blood flukes. Considerable evidence on the other hand suggests that the tonic contrac-
ture, as are characteristically induced by praziquantel (G6nnert and Andrews
1977; Thomas and Andrews 1977), generally involve influx of external calcium
not only in S. mansont (Pax et al. 1978) but also in casc of several vertebrate muscles
(Urakawa and Holland 1964).

Whereas the present experiments with H. diéminuta confirmed quantitatively
opposite influence of praziquantel on calcium influx and efflux, the inhibition of the
45Ca~— uptake occured generally as a delayed manifestation of its action. The initial
fast component of the uptake kinetics, in fact, showed slight stimulation at the
lower levels and such response was particularly prominent under the Mg++ deficient
conditions. The intact H. diminuta as used in our experiments, and also those of
Prichard et al. (1982) is a complex multicellular biological system which is likely
to comprise of a variety of intra-cellular and extra-cellular caleium spaces. The bipha-
sic uptake pattern probably reflects presence of at least two categories of such spaces
which differ significantly in their respective equilibration rates for the external
45Ca*+. A biphasic pattern has been observed also for Cat+ efflux kinetics in both
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H. diminuta (Prichard et al. 1982) and S. mansoni (Mussic et al. 1982), which
again suggests presence of different calcium compartments in these worms. The flow
of external calcium into such distinct compartments may conceivably have differen-
tial praziquantel sensitivity. This might account for the delayed manifestation of
the inhibitory response towards 45Ca++ uptake, despite the known rapidity of its
contracture inducing action, which might suggest its ready permeability into the
worm. Such a complex pattern of action, may mask, to a greater or lesser extent, the
rapid spurt in permeability of external Ca*+ in the parasite muscles due to praziquan-
tel as evident in §. mansoni (Pax et al. 1978). This possibility must be considered
before postulating qualitatively different sources of Catt in the contracture inducing
action of the drug in these two species (Prichard et al. 1982).

The rapid uptake component of 45Ca** influx was attenuated when the worms were
subjected to glucose starvation. This suggests its dependence on the energy reserves
in the parasites, an interference supported by the presence of high Catt ATPase
activity in tegumental brush border of H. diminuta (Prichard et al. 1982). This
mechanism may have a role in concentrating environmental calcium into some
H. dimynuta compartments even when the external Ca*+ levels are very low and might
account for relative insensitivity of the contracture inducing action of praziquantel
to medium, Cat+ concentration as reported by Prichard et al. (1982). Alternately
these worms may have additional Cat+ reserves whose content can find its access
into appropriate spaces, whereby the contracture inducing drug action can operate
even under the Ca ™+ deficient conditionin the medium. An investigation of the effect
of glucose starvation on the contracture inducing response of praziquantel and further
analysis of its effect on Cat+ transport in isolated tissue of the parasite will be necessary
to resolve this question.
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JAEUCTBUTE MPABUKBANTEJA HA TPAHCIIOPT KAJLIIUSL
NHYMENOLEPIS DIMINUTA

C. Tasy, C. Vynra, . C. Rareap u 1. Carap

Pestome. Mayuaim jleiteTBiie HIPa3ARBAHTENA Ha MIPOHHRAHHC Catt BOBHYTPh W Hapy&y v Hy-
menolepls diminuta B PacTBOPE SICKTPOIHTOB ¢ INTIOK030i M IIPH HEOCTATRE 1THOKOMLL M a**,
Movitowene 45Ca++ y vepBeil HELOCPECTBEHHO MOCAC MX BBIACICHIH HPEACTARIIIO 000t
B 001mes [inyXGasHVIo KHHETHRY: NePBuyRvIo (Gasy OCTPOro MPOHURAING BOBHYTPH M LOC.IC-
ayionyio gasy HenpepLBHOTO, 0oMee  MEINICITHOTO  BLITCIKAHI S HAPVIKY. MpasymksadTe s ILin
HC ORUBBIB L BB WA ORALIBAT TOIBEKRO HEO0IBUIOE CTHMY AN PYIOUICE JICHCTBIC Ha 11ePBiY-

HYI OLicTPYIO (pasy, B BaBHCHMOCTH OT €ro KOHLEHTparu. CTiniV.Ipyvionee BiIUsiHIe OblT0
0cOOCHHO BRHIPASHTE ILHO B VC/I0BHAX HejloctaTke Mg @ (P < 0,01). lloc.icay1omas e, L ieHHast
dasa mornomeins 45Cat ¢ 3HAIHTCALHO HIHOHPOBAIACH NPABHKBARTC.TOM NPH 000X Ve JOBHAX
(P < 0,01). lUpn nepocratie IVPKOZRL Y MAPAARTOB OLICTPasl (ada IIONIOMCHYA #Ua+t He
OCYHICCTBITACH M HHIHOHPOBAIING OPAZMKBAHTCIOM HPOTCKAMO 0C3 HCPBOHAURTLHOrO CTHMY-
sipyioero Jedersus (Po< 0,01). Drerpysnsa 45Cat+ M3 MeYCHBINX YCPBeIl CTUMY IMPOBA.LACDH
I PABMKBAHTC. [OM BO BeeX M3YyyaeMbiX vedoBusx (P < 0,01).
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