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Conclusion 
The plant molluscicides known are a diversity of secondary 

metabolites representing a wide range of chemical structures. Of 
the many species of plants belonging to the 19'families which 
show a notable level of molluscicidal activity, only a few can be 
short-listed as candidate agents. We do not understand their 
mode of action. However, finding the relationships between mol- 
luscidal activity and snail metabolism may provide the potential 
for discovering new agents, given the diverse structural types of 
plant molluscicide so far identified. 

Our study revealed potent molluscicidal compounds from one 
of the plants tested, and yet it is not used as a molluscicide. This 
indicates the great potential of plants as a source of molluscicide. 
The issue today, however, is whether to encourage further pros- 
pecting for molluscicides in plants or to pursue what is already 
discovered and attempt to improve on their potency while at the 
same time reducing their toxicity. Attempts to elucidate the 
mode of action of known natural compounds may enable the 
development of more effective molluscicides less toxic to non- 
target organisms. 

We are grateful to David Laur for technical assistance. H.A.O. thanks 
DANIDA for a PhD fellowship to the Special Programme for Research 
and Training in  Tropical Diseases, and WHO for sponsorship to present 
this paper at the workshop. 
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Schistosomiasis is a parasitic disease that affects over 200 mil- 
lion persons worldwide.' The disease is caused by infection with 
any one of several species that are known to affect humans. 
Infected persons are likely to be consuming a wide spectrum of 
xenobiotics such as drugs and environmental toxins. The drugs 
consumed would not only include praziquantel and other schisto- 
somicides, but also those used for the treatment of other parasitic 
diseases such as antimalarials, anthelmintics and antibiotics. 
Experiments involving humans and experimental animals sug- 
gest that infection with schistosomes causes a reduction in the 
host's ability to metabolise and remove drugs from the b ~ d y . ~ . ~  

The metabolic fate of drugs is dependent to a large extent on 
the expression and activity of the microsomal drug metabolising 
 enzyme^.^^^ These enzymes include the microsomal cytochrome 
P-450 dependent monooxygenase system and the uridine diphos- 
phate glucuronosyl transferases as well as other cytosolic 
enzymes such as glutathione S-transferases. This article reviews 
the effects of experimental Schistosoma mansoni infection on 
hepatic drug metabolising enzyme activity. Several studies have 
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shown that infection with S. mansoni resylts in altered activities 
of a number of drug metabolising enzymes. These include cyto- 
chrome P-450 and components of the monooxygenase s y ~ t e m , ~ . ~  
monoamine o x i d a s e ~ , ~  as well as conjugating enzyme activities 
such as sulph~transferases,~ glutathione S-transferase and uridine 
diphosphate glucuronosyl t r a n s f e r a ~ e s . ~ ~ ~ ~ ~  

The available experimental evidence indicates that the altered 
drug metabolising enzyme activity is observed only in the pres- 
ence of liver disease, which is observed consequent to granuloma 
formation. Mice harbouring a bisexual infection have decreased 
concentrations of cytochrome P-450 and NADPH cytochrome c 
reductase levels. The P-450-mediated metabolism in vitro of 
aminopyrine, aniline and benzo(a)pyrene was also reduced6 but 
these alterations were dependent on the presence of both male 
and female worms.1° Animals having either only male or female 
worms did not show any changes in their drug metabolising 
enzyme activities. Further support comes from our own results, 
which show that alterations are not observed during parasite 
development (during the first five weeks post infection), 
although they are observed after egg deposition by parasites and 
the onset of liver disease." 

Liver disease in the form of periportal granulomas around 
entrapped eggs is only observed in immune-competent mice.12 
Cha and associates have shown that infected athymic nude mice 
do not show any changes in hepatic drug metabolising enzyme 
activity, whereas immune-competent mice do.13 Furthermore, 
these alterations have also been shown to be dependent on the 
degree of infection as judged by the number of eggs deposited6 
or worm load,I4J5 using either barbiturate-induced sleeping times 
or zoxazolamine-induced paralysis time, which are both markers 
for the hepatic drug metabolising enzyme activity in vivo. 

These alterations in enzyme activity caused by infection are 
reversible. Treatment with schistosomicides eliminates worms 
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but also results in the gradual restoration of drug metabolising 
enzyme a ~ t i v i t y . ' ~ J ~  Interestingly, treatment of infected animals 
with classical inducers of drug metabolism, e.g. phenobarbital 
(PB) and 3 methylchloranthrene (3MC), is also able lo restore 
the activities to normal in vitroI8 and in vivo.lg 

The findings of in vitro experiments have in part been con- 
firmed by the findings of experiments in vivo. The barbiturate- 
induced sleeping times and the zoxazolamine paralysis times 
have been shown to increase in infected  animal^.^^^^ 

Our results also show that various isoforms of cytochrome P- 
450 are affected differently, depending on the rodent host that is 
used." Thus, hamsters and mice differ in the specific P-450 iso- 
form which is altered, using isoform-specific substrates as 
probes in vitro. For any given species of rodent host, there are 
also host gender-dependent differences in the alterations. For 
example, infected male and female BALBIc mice show differ- 
ences in the cytochrome P-450 mediated activities that are 
altered.7 However, the results of experiments in vivo show no 
rodent host species, strain or gender related  difference^.^^ 

While the studies reported above suggest that infection with S. 
mansoni does indeed cause perturbations in hepatic drug metabo- 
lising enzyme activity, the actual causes of the alterations are not 
yet known. Preliminary evidence indicates, however, that the 
observed alterations may be due to an oxidative stress. Such a 
stress would be caused by the egg granulomas which have been 
known to release reactive oxygen speciesz1 and which are likely 
to cause membrane damage. Indeed, a pattern has been observed 
where the altered drug metabolising enzyme activities have been 
shown to be accompanied by an increased level of malondialde- 
hyde in microsomes and reduced glutathione levels in liver tis- 
sue.22 Raised levels of malondialdehyde and lowered levels of 
reduced glutathione are indicative of oxidative stress and mem- 
brane damage.23 It is also possible that certain excretory products 
of worms released into the host circulationz4 may affect the activ- 
ity of drug metabolising enzymes in the liver. 

Alterations in the metabolism of therapeutic agents could have 
potentially dclctcrious cffccts in infcctcd humans. Delayed 
metabolism would cause an accumulation of drug, especially 
when prescribed in multiple doses or for prolonged treatments. 
An ideal situation would allow for the prediction of the meta- 
bolic fate of drugs in infected persons. Studies using rodent mod- 
els have helped to identify some of the prerequisites for altered 
drug metabolising en7yme activity and to a certain extent the 
mechanisms of the alterations observed. However, the situation 
in vwo in humans is quite different. Several other factors interact 
to determine the metabolic fate of drugs. Diet, age and interindi- 
vidual genetic variations are only a few of the many possible fac- 
t o r ~ . ~ ~  Of particular importance is the fact that metabolism of 
carcinogens may also be affected by schistosome infection.26 

Clearly, more studies are needed in both experimental models 
and humans to obtain information necessary for the prediction of 
the fate of drugs in humans infected with a disease which is sec- 
ond only to malaria in prevalence. 
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