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Praziquantel impairs the ability of exogenous serotonin 
to stimulate carbohydrate metabolism 
in intact Schistosoma mansoni 
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Abstract. Praziquantel (PZQ) (Droncit, Biltricide) 
at 10 gM completely abolishes the stimulatory ef- 
fect of serotonin on glucose uptake and lactate 
excretion of Schistosoma mansoni. Fluoxetine 
(FXT) exerts similar effects on the serotonin-in- 
duced stimulation of glucose uptake and lactate 
excretion, however, at 100-fold higher concentra- 
tions. In comparison with PZQ, which is inhibitory 
at 10 gM, FXT and other amphiphilic cationic 
drugs (amitriptyline, propranolol, imipramine, 
chlorpromazine) inhibit glucose uptake or lactate 
excretion in schistosomes at I mM; the strongest 
inhibitor is FXT. Glycogen breakdown is maxi- 
mally stimulated by PZQ in the absence or pres- 
ence of serotonin. There is an additive effect of 
50 ~tM chlorpromazine or FXT and 0.01 to 0.1 txM 
PZQ on glycogen breakdown. The rate of sodium- 
sensitive or insensitive serotonin uptake in Schisto- 
soma mansoni is reduced by 10 gM PZQ by about 
40%, as is the sodium-sensitive excretion of sero- 
tonin. The results show that PZQ interferes with 
the ability of serotonin to stimulate carbohydrate 
metabolism. The possibility that PZQ may act 
through an effect on tegumental integrity is dis- 
cussed. 

Serotonin has a stimulatory effect on glucose up- 
take and glycogenolysis (Rahman and Mettrick 
1985) in the adult trematode Schistosoma mansoni, 
which is a homolactic fermenter in vitro (Czok 
et al. 1975; Bueding and Fisher 1982; Bueding 
1950). It is likely that this neurotransmitter acts 
via cAMP in S. mansoni, as has been shown for 
Fasciola hepatica (Mansour 1979). In the presence 
of praziquantel (PZQ) glycogen breakdown is 

Reprint requests to: A. Harder  

stimulated in S. mansoni (Andrews 1985) as well 
as in Hymenolepis diminuta (Andrews and Thomas 
1979). Thus, it is tempting to speculate that PZQ 
might act like serotonin either directly by interfer- 
ing with serotonin binding sites or indirectly by 
interfering with external membranes of the para- 
sites thus disturbing the serotonin uptake system. 

Therefore, experiments were performed with S. 
mansoni to observe the influence of PZQ, fluoxe- 
tine (FXT) and the amphiphilic cationic drugs ami- 
triptyline, propranolol, imipramine and chlorpro- 
mazine on the stimulatory properties of serotonin. 
These drugs are known to be membrane-active 
(Seeman 1966; Seeman 1972) and, as FXT is a 
very selective serotonin uptake inhibitor (Fuller 
and Wong 1977), it should be possible to decide 
whether the mode of action of PZQ on serotonin 
binding sites is largely direct or indirect. 

Materials and methods 

In this study 8-week-old S. mansoni pairs were isolated from 
the portal  veins of CF1/W74 mice that  had been killed with 
ether to dislodge the worms from the mesenteric veins. The 
mice had been infected by subcutaneous injection of 200 cercar- 
iae obtained from 8-week-old Biomphalaria glabrata snails. 

Compounds. Chlorpromazine, amitriptyline, imipramine, pro- 
pranolol and serotonin were obtained from SIGMA (Miin- 
chen). Fluoxetine was a gift from Lilly Research Laboratories 
(Indianapolis, USA). 

Incubation conditions with non-radioactive compounds. After iso- 
lation, the parasites were rinsed in medium TC ! 99 with Earle's 
balanced salt solution (SERVA, Heidelberg, No. 47000A) con- 
taining 10% calf serum and 100 ~tg/ml mezlocillin (Baypen). 
Groups of 15 pairs were incubated aerobically in 1.5 ml medium 
for 120 rain. Drugs were dissolved in ethanol and added to 
the medium. In the combinat ion experiments, the parasites were 
preincubated in the presence of one drug for 30 min and after 
this time a second drug was added for a further 120 min incuba- 
tion period. Controls were run with or without the preincuba- 
tion. The maximal ethanol concentration in all incubations was 
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Fig. 1 a, b. Glucose uptake (lag/ml; m-m), lactate excretion (lag/ 
ml; e - e )  and glycogen breakdown (lag glycogen/lag protein; 
A--A) of 15 pairs of Schistosoma mansoni after 120 min incuba- 
tion at different serotonin concentrations relative to control. 
a without preincubation of praziquantel and b with preincuba- 
tion for 30 rain in presence of 10 laM praziquantel. Each point 
is the mean value of 5 incubations each with 15 pairs of S. 
mansoni 

1%. Glucose and lactate estimations were performed using Bio- 
chemica test combinations (Boehringer, Mannheim). Glycogen 
was determined according to van Handel 0965), protein ac- 
cording to Hartree's (I 972) modification of the Lowry method. 

Incubation with [3H] serotonin. The [3H] serotonin (specific 
activity: 500 GBq/mmol) was purchased from Amersham 
Buchler, Braunschweig, FRG. All incubations were performed 
at 37 ~ C in a modified Krebs-Ringer-solution (Webb 1985). So- 
dium-free medium contained an equimolar amount of sucrose 
replacing NaCI. 

Serotonin uptake experiments. In these experiments, 20 pairs 
of schistosomes were incubated in the modified Krebs-Ringer- 
solution (1 ml) containing ] laM [3H] serotonin (specific activi- 
ty: 500 GBq/mmol) in the presence or absence of sodium or 
10 laM PZQ. After 3, 6, 9, 12 or 15 min, the incubation was 
terminated by gentle centrifugation (30 s, 100 g), after which 
the schistosomes were washed twice and placed in vials contain- 
ing tissue solubilizer and Filter count (Packard) scintillator. 

Serotonin release. Here 20 pairs of schistosomes were incubated 
in the modified Krebs-Ringer-solution (1 ml) in the presence 
of sodium and [3H] serotonin (specific activity: 500 GBq/mmol) 
for 15 min. After centrifugation and two washes the schisto- 
somes were placed in a second vial filled with medium C I ml; 
normal or sodium-free) with or without the addition of 10 laM 
PZQ. After 3, 6, 9, ~2 or 15 min an aliquot of 250 lal was 
taken and measured for radioactivity. 

Results 

Glucose uptake, lactate excretion and glycogen 
breakdown were stimulated by 100 gM serotonin 
(Fig. 1 a). However, when parasites were incubated 
with 10 gM PZQ for 2 h glucose uptake was inhib- 
ited compared to controls, and lactate excretion 
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Fig. 2. a Glucose uptake (lag/ml) of 15 pairs of S. mansoni after 
120 rain incubation at different concentrations of serotonin in 
presence of 50 laM or 1 m M  fluoxetine (e-o)  or 0.1 laM or 
10 laM praziquantel (i-m). Serotonin control (x-x). b Lactate 
excretion (lag/ml). Experimental conditions and explanations 
are the same as for glucose uptake. Each point is the mean 
value of 5 incubations each with 15 pairs of S. mansoni 
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Fig. 3. Glycogen breakdown (lag glycogen/lag protein) of 15 
pairs of S. mansoni after 120 min incubation at different prazi- 
quantel concentrations. Parasites were preincubated without 
(o o) or with 50 laM fluoxetine (A A) or 50 laM chlorpromazine 
(m-m). Each point is the mean value of 5 incubations each with 
15 pairs of S. mansoni 

remained unchanged (Fig. 1 b). Furthermore, both 
these processes could no longer be stimulated by 
the addition of serotonin. Moreover, glycogen 
breakdown was maximally stimulated in the pres- 
ence of 10 gM PZQ, irrespective of whether sero- 
tonin was present or absent (Fig. 1 b). 

Glucose uptake (Fig. 2a) and lactate excretion 
(Fig. 2b) were also inhibited by 1 m M  FXT. 
Again, as in the case of 10 gM PZQ, serotonin 
had no further stimulatory effect in the presence 
of I m M  FXT (Fig. 2). Glycogen breakdown in 
S. mansoni was stimulated maximally above a con- 
centration of 1 laM PZQ (Fig. 3). At 0.1 pM PZQ, 
no enhanced glycogen breakdown could be ob- 
served compared with controls. However, when 
50 gM chlorpromazine or FXT were present simul- 
taneously, a stimulation of glycogen breakdown 
could be detected, even at PZQ concentrations as 
low as 0.1 i.tM or 0.01 i.tM (Fig. 3). 



444 A. Harder et al. : Impairment of serotonin stimulation carbohydrate metabolism by praziquantel 

% of control 

100- 

s o  | . 

I0-~ lj | ,   i|i  i|i 
�9 ~ i ~ m _  ~ i N E  . . . .  R m _  ~ . i l i _  ~ iUE_~ im- - - - - - - -_  

AT PR FXT CPZ IPR PZQ 
i 10 -3 M J 10 -5 M 

Fig. 4. Glucose uptake (~, II) and lactate excretion (@, N) of 
S. mansoni as percentage of control in presence of different 
drugs: 1 m M  amitriptyline (AT), propranolol (PR), fluoxetine 
(FXT), chlorpromazine (CPZ), imipramine (IPR) or 10 gM 
praziquantel (PZQ), in the presence ( i ,  ~) or the absence (@, 
@) of 100 gM serotonin. Each point is the mean values of two 
experiments 
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Fig. 5a, b. Uptake (a) or excretion (b) of (aH)-serotonin of 
20 pairs of S. mansoni within 15 min in presence (o. o) or 
absence (A, A) of sodium and in the presence of 10 gM prazi- 
quantel (open circles or triangles) or absence of praziquantel 
(closed circles or triangles). Each point is the mean value of 
two experiments. For detailed experimental conditions see Ma- 
terials and methods 

The different amphiphilic cationic drugs ami- 
triptyline, propranolol, fluoxetine, chlorpromazine 
or imipramine inhibited glucose uptake or lactate 
excretion at 1 mM, whereas PZQ exerted its effects 
at 10 gM (Fig. 4). In the presence of 100 gM sero- 
tonin, the inhibition relative to controls was signifi- 
cantly greater than in its absence (Fig. 4). The 
strongest inhibitor among the five drugs was FXT. 

Serotonin uptake by S. mansoni was strongly 
sodium-dependent (Fig. 5 a). 10 gM PZQ inhibited 
the rate of uptake by almost 40% (Fig. 5a) both 
in the presence and absence of sodium. The excre- 
tion of serotonin was largely sodium dependent 
(Fig. 5 b). Again the rate of excretion was reduced 
by 10 gM PZQ by about 40%. In the absence of 
sodium, serotonin excretion was very low; no fur- 
ther reduction by PZQ could be measured. 

Discussion 

In the adult trematode S. mansoni, the carbohy- 
drate metabolism can be stimulated by serotonin 
(Rahman and Mettrick 1985) (Fig. I a). The stimu- 
lation can be detected in glucose uptake, lactate 
excretion and glycogen breakdown. The metabolic 
stimulation is accompainied by an enhanced motil- 
ity of the parasites. Recently, an operative Krebs 
cycle has been demonstrated in S. mansoni (van 
Oordt et al. 1985) leading to considerable produc- 
tion of CO2 from glucose consumption. However, 
it is not the intention of the experiments described 
here to investigate the detailed carbohydrate me- 
tabolism, but to compare the influence of different 
drugs on the metabolism. Therefore we chose the 
three parameters - glucose uptake, glycogen break- 
down and lactate excretion - to simplify estima- 
tion. In the presence of 10 ~tM PZQ, the carbohy- 
drate metabolism is disturbed. There is an inhibi- 
tion of glucose uptake, while lactate excretion re- 
mains normal, but both processes can no longer 
be stimulated by serotonin, glycogen breakdown 
is maximally induced by PZQ, even in the absence 
of serotonin (Fig. 1 b) These results show that ex- 
ogenous serotonin is without effect on the action 
of PZQ on the carbohydrate metabolism of S. 
mansoni. FXT, a PZQ antagonist in S. mansoni 
with respect to muscle tension and Ca+ +-influx 
(Pax et al. 1979), exerts effects similar to PZQ 
on serotonin-induced glucose uptake and lactate 
excretion, although at 100-fold higher concen- 
trations than PZQ (Fig. 2). Even the addition of 
100 .gM serotonin did not increase glucose uptake 
and lactate excretion at 1 m M  FXT. At lower drug 
concentrations (0.1 ~tM PZQ or 50 ~tM FXT), 
however, both metabolic processes could be stimu- 
lated by 100 gM serotonin (Fig. 2). The stimula- 
tion by serotonin was greater in the presence of 
0.1 gM PZQ than 50 gM FXT. The reason for this 
is presumably that FXT specifically inhibits sero- 
tonin uptake, as has recently been shown in sch- 
istosomulae of S. mansoni (Catto and Ottesen 
1979) and in Hymenolepis diminuta (Webb 1985) 
(Fig. 2). 

PZQ alone leads to a full stimulation of glyco- 
gen breakdown at 1 gM (Fig. 3), whereas at 
0.1 gM it is ineffective. Interestingly, other bio- 
chemical and physiological events are induced at 
1 gM and higher PZQ concentrations viz. a con- 
traction of the parasites (Pax et al. 1978; Andrews 
et al. 1983), severe tegumental disruption (An- 
drews etal. 1983; Andrews 1985; Becket etal.  
/980) and an inhibition of glucose uptake and lac- 
tate excretion (Andrews 1985). Furthermore the 
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Ca + +-permeability is enhanced (Pax et al. 1979). 
However, the threshold concentration of  PZQ, 
which is between 0.1 and 1 gM, is reduced when 
FXT or chlorpromazine are also present; very 
small concentrations of PZQ (0.01 up to 0.1 gM) 
can stimulate glycogen breakdown in S. mansoni 
in the presence of 50 gM FXT or chlorpromazine, 
while PZQ alone does not exhibit this effect 
(Fig. 3). At 50 gM, chlorpromazine and other am- 
phiphilic cationic drugs are known to increase the 
permeability of membranes to ions and non-elec- 
trolytes (Seeman 1966; Seeman 1972). Thus, it is 
possible that the otherwise ineffective low concen- 
trations of PZQ are sufficient to stimulate glycogen 
breakdown (Fig. 3) when an amphiphilic cationic 
drug is simultaneously present. 

The different amphiphilic cationic drugs and 
PZQ exert qualitatively similar effects on glucose 
uptake or lactate excretion in the absence and in 
the presence of 100 pM serotonin (Fig. 4). In both 
instances, however, PZQ is 100-fold more effective 
than the other five drugs. 

At 10 gM, PZQ acts as an inhibitor of  sero- 
tonin uptake and excretion in the presence and 
in the absence of sodium (Fig. 5). At the same con- 
centrations, FXT acts as a serotonin uptake inhibi- 
tor in Hymenolepis diminuta (Webb 1985). How- 
ever, the mechanism of inhibition by FXT and 
PZQ may well be different. FXT is a very selective 
serotonin uptake inhibitor (Fuller and Wong 
1977), but stimulates glucose uptake in our experi- 
ments. PZQ on the other hand inhibits both pro- 
cesses (Fig. 1 b, Fig. 5). 

Recently it has been shown that 10 gM PZQ 
inhibits several tegumental enzymes such as Ca + +- 
ATPase of S. mansoni (Nechay et al. 1980), cAMP- 
phosphodiesterase, alkaline phosphatase, 5'-nuc- 
leotidase and other brush-border enzymes of Co- 
tugnia digonopora (Pampori et al. 1985). The au- 
thors conclude that these effects were not caused 
by direct inhibition of the enzymes by PZQ, but 
rather by perturbance of  the tegumental environ- 
ment. We also believe that glucose and serotonin 
uptake, which are protein mediated processes re- 
quiring intact membranes, are disturbed by PZQ 
in the same way. 
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