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Worm infections are one of the major problems in 
countries where sanitary conditions, environment 
and a low standard of living are conducive to the 
preservation and spreading of parasites. 

Schistosomiasis is a parasitic disease caused by 
trematodes living in the blood. Calcified eggs of 
schistosomes [l] were identified in the kidneys of 
two mummies of the twentieth dynasty (125@1000 
B.C.). To-day it is one of the major tropical diseases 
that affect 200,000,00~300.000,000 people in 
Africa, Asia, South America and the Caribbean 
Islands [2]. This geographical spreading is best 
explained by Chernin’s recipe: “warmth, water and 
poverty are the basic ingredients, add a few snails 
and a dash of faeces or urine and you have schis- 
tosomiasis” [3]. 

At least 20 million people living in tropical Africa, 
Yemen, Mexico and Central and South America are 
infected by Onchocerca volvulus [4]. 0. volvulus is 
transmitted by Simulium damnosum, the blackfly. 
This blackfly breeds in fast-flowing water, for exam- 
ple around the sluice-gates of dams. Dams create 
also breeding-grounds for mosquitoes that transmit 
Wuchereria bancrofti and Brugia malayi. These filar- 
iae infect about 250,000,OOO people in West, Central 
and East Africa, Egypt, Madagascar, South-East 
Asia. China, the Philippines. Central and South 
America [2, 5, 61 with resulting lymphangitis and in 
more severe forms elephantiasis (71. 

Hookworm disease (ancylostomiasis). an infection 
by Ancylostoma duodenale or Necator americanus. 
occurs in 20-25 per cent of the world population [8]. 
This disease primarily occurs in agricultural areas 
where soil temperatures between 23 and 33” and a 
high humidity create ideal living conditions for the 
development of infectious larvae. 

In tropical countries 7G90 per cent of the popu- 
lation should be infected with Ascaris lumbricoides. 
but Ascaris also regularly occurs in countries with 
a moderate climate [2,9]. 

Just like Ascaris and the hookworm, Trichuris 
trichiuru is a soil-transmitted nematode. Trichuris is 
a cosmopolite. Infections by T. trichiura are trans- 
mitted especially by coprophagy, which explains why 
trichuriasis so often occurs in institutions for the 
mentally insane. 

Human behavioural patterns are often signifi- 
cantly related to man’s risk of acquiring parasitic 
diseases. The nomadic Turkana people living in the 
desert of north-western Kenya is one of the popu- 
lation groups in the world infected most heavily with 

Echinococcus granulosus [lo]. The adult Echino- 
coccus lives in the intestine of dogs and other car- 
nivores; sheep, camels, goats act as intermediate 
hosts by ingesting grass or water contaminated with 
eggs. The cycle is completed when dogs eat livestock 
offal containing one of the resultant hydatid cysts. 
Man becomes infected by ingesting eggs present in 
water, soil or on his hands after stroking a diseased 
dog. The Turkana people are fond of their dogs 
which are left to look after young infants whom they 
lick and care for as they would their own puppies. 
The people rarely eat meat themselves: however, 
the dogs devour even the most diseased animals. 
This close interaction between man, dog and live- 
stock, plus lack of water for washing, provides ideal 
conditions for E. granulosus [ll]. 

Hydatidosis is not limited to the north-western 
Kenya. This zoonosis constitutes a public health 
problem of nearly global dimensions. For example, 
it is a well-known phenomenon in Europe [ 121. 

Cattle infected with Cysticercus bovis cysts. the 
intermediate stage of the human tapeworm, Tarnia 
suginata, represent another example of an important 
human health and economic problem. 

A parasitic disease common in countries where 
raw fish is considered a delicacy or where fish is often 
the only source of animal protein is clonorchiasis. 
This disease is due to infestation with the Chinese 
liver fluke, Clonorchis sinensis. Clonorchiasis is prev- 
alent in China, Vietnam, Korea and Taiwan [9]. 
Complete protection is achieved simply by cooking 
the freshwater fish. However, as pointed out by 
Schmidt and Roberts (131 “it would be a futile 
exercise to try to get millions of people to change 
centuries-old eating habits”. 

People who eat undercooked or ‘underfrozen’ 
bear, walrus, wild or domestic pig meat are at risk 
of becoming infected with Trichinella spirulis. 

These are only a few examples of zoonosis. vector- 
or soil-transmitted worm infestations. 

Therapy 

Fortunately, several anthelmintics (chemical 
structures are presented in Table 1) are available to 
reduce the incidence of a great part of the worm 
diseases. A few examples to illustrate this follow. 
Trimestrial administration of levamisole to heavily 
infected African school children has almost led to 
a complete eradication of Ascaris, whereas the out- 
put of hookworm eggs and Strongyloides stercoralis 
larvae was reduced by 77 and 87 per cent, respec- 
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tively, at the end of the year [14]. It is of interest to 
note that levamisole, besides its anthelmintic 
activity, also restores host defence in immunocom- 
promised patients. For this reason levamisole is being 
used in a variety of immunodeficiency diseases, 
including rheumatoid arthritis, where it is thought 
to act through the free sulphydril group of its major 
metabolite OMPI [ 15, 161. 

Broad-spectrum anthelmintics, like mebendazole 
[17] and flubendazole [18], are available for large 
scale chemotherapy of the soil-transmitted nema- 

todal infections caused by the classic triad: Ascari.s, 
hookworms and Trichuris. Mebendazole is successful 
in the treatment of intestinal capillariasis [lo] and 
shows great promise in the treatment of trichinosis 
[20-X?]. Mebendazole also may be the opening to 
the chemotherapy of hydatid disease [23-Z]. 

Anticestodal drugs of special interest are niclo- 
samide and bunam~dine. The novel antisch~stosomal 
drug, praziquantel, proves to be effective against 
mature cestodes in animals and man [27, 281. This 
pyrazinoisoquinolinone derivative is active against 
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Schistosoma mansoni, S. haematobium and S. japon- elucidating the mechanisms that the helminths may 
icum. The activity against S. japonicum is notewor- use to escape the host immune response. Another 
thy. If this can be confirmed in further clinical trials, type of investigation relevant to chemotherapy is 
population-based chemotherapy of S. japonicum by concerned with the question “how does that anthel- 
a non-metal anthelmintic may become a reality in mintic work?“. Such studies may provide insight into 
the future [29, A. Davis, personal communications]. the way drugs reach and affect their target in the 

Oxamniquine is a promising single-dose oral agent parasite. This not only opens the way to new screen- 
for the treatment of S. mansoni infections [30]. In ing systems but, and perhaps at the moment still 
South America, this hydroxytetrahydroquinoline more important and urgent, it also increases our 
derivative is considered to be the drug ot choice knowledge of the molecular biology of the invading 
against this infection [31]. organisms. 

The cheap organophosphorus cholinesterase 
inhibitor, metrifonate, is effective in the treatment 
of S. haematobium but lacks activity in humans 
infected with S. mansoni [32]. 

In this commentary we will focus on general sites 
of action of some anthelmintics. 

Anthelmintics and neuromuscular systems 

Thus some effective compounds are currently 
available for treatment of schistosomiasis. However, 
there is still need for a cheap broad-spectrum anti- 
schistosomal drug. 

Promising results are obtained with relatively high 
doses of praziquantel in the treatment of clonor- 
chiasis, paragonimiasis and metagonimiasis [33]. No 
satisfactory agent was available before. Certainly 
much more studies are needed to achieve an inex- 
pensive, simple treatment of these distomiases. 

In 1948, Hewitt et al. 1341 discovered significant 
antifilarial action in a series of piperazine deriva- 
tives. One of these compounds, diethylcarbamazine 
(DEC), is still the only drug known that will reliably 
kill the microfilariae of the mosquito-transmitted W. 
bancrofti and B. malayi [31]. DEC also is microfi- 
laricidal against 0. volvulus [35]. 

Suramin, a compound introduced by Bayer in 
1920, is macrofilaricidal against 0. volvulus but its 
toxicity is such as to preclude its use in both brugian 
and bancroftian filariasis [36]. DEC and suramin are 
far from ideal. They can only be administered under 
strict medical supervision [37]. Therefore a new drug 
is certainly needed. Recently, filaricidal activity was 
found in some benzimidazole carbamates, e.g. 
mebendazole, flubendazole, albendazole, and in 
avermectins [38]. Based on these results, clinical 
studies with mebendazole and flubendazole are 
proceeding. 

The survival of parasitic helminths greatly depends 
on their ability to remain in situ when exposed to 
peristalsis in the case of intestinal parasites or to the 
flow of lymph or blood for some systemic helminths 
[401. 

There is sufficient evidence available to demon- 
strate that piperazine induces reversible paralysis by 
acting on the neuromuscular system (for reviews see 
refs. 41 and 42). Summing up, piperazine has been 
found to increase the resting potential of the Ascaris 
muscle. Since the degree of muscle hyperpolarization 
induced by piperazine depends upon the extra-cel- 
lular chloride concentration, de1 Castillo and col- 
leagues draw the conclusion that the hyperpolari- 
zation is brought about by a specific increase in the 
permeability of the cell surface membrane to chloride 
ions (411. 

The experiments of Kaushik et al. [43] on Ascaridia 
galli and those of Natarajan et al. [44] on micro- and 
macrofilariae of Breinlia sergenti indicate that the 
piperazine derivative, diethylcarbamazine, also 
affects parasite motility. 

Most, if not all, of the available anthelmintics had 
their origin in a rational exploitation of massive 
empirical screening. I believe that for a given time, 
this approach will keep playing an important role in 
the search for new tools for better control of worm 
populations. However, it is difficult to imagine that 
the harvest of new information originating from 
immunologists, molecular biochemists, cell biolo- 
gists or from what C. de Duve calls, the enthusiasts 
of the ‘new biology’ [39] will not fertilize, sooner or 
later, the search for tools that interfere with the 
host-parasite interface. Therefore, I also believe that 
screening will be increasingly helped by and even 
orientated towards the so-called rational approach. 

However, it is not certain whether this piperazine- 
like effect is at the basis of diethylcarhamazine’s 
antitilarial activity. In patients infected with 0. vul- 
vulus and treated with diethylcarbamazine, acute 
nests of inflammation around dead and degener- 
ating microfilariae are found in the dermis (45,461. 
Recent electron microscopic research has shown that 
the cuticle of the microfilariae collected from patients 
after treatment with this piperazine derivative is 
changed [47]. On the basis of these observations, the 
following hypothesis was advanced: diethylcarbam- 
azine would alter the microfilariae to such an extent 
that they are regarded by the host as alien bodies 
and hence can be destroyed by the host’s defence 
system [47]. This has become an appealing hypoth- 
esis, especially after the study of Martinez-Palomo. 
in which it was shown that the immunogenic deter- 
minants of the Onchocerca microfilaria are protected 
by an acellular cuticle [48]. 

Comparative biology and mode of action studies 

Comparative biology studies are an essential part 
of investigations relevant to chemotherapy. These 
studies are aimed at uncovering differences in metab- 
olism, structure and function of cell membranes, 
forces that govern the development and differentia- 
tion of tissues, electrophysiological processes and at 

Anthelmintics whose interference with the neu- 
romuscular system certainly represents an important 
facet of their mode of action are tetramisole and its 
levorotatory isomer levamisole. 

In vitro, levamisole is immediately and almost 
completely absorbed by Ascaris suum via a transcu- 
titular mechanism [49]. This is consistent with the 
rapid occurrence of a levamisole-induced spastic con- 
traction of the Ascaris muscle [50]. In incubated 
larval and adult nematodes. the presence of lev- 
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amisole causes a contraction followed by tonic par- 
alysis [42]. Whether this effect is reversible depends 
on the worm species, the stage in the cycle, the 
concentration of levamisole and the incubation cir- 
cumstances [42,.51]. Pharmacological experiments 
have demonstrated that ievamisole acts as a ganglion- 
stimulating compound [50,51] and that afterwards 
it induces a neuromuscular inhibition of the depo- 
larizing type 1511. By using isolated Ascaris muscles 
it could be shown that ievamisoie decreases the rest- 
ing potential from a normal -30 mV to - 15 mV 
(unpublished results). 

Bephenium hydroxynaphtoate, methyridine, pyr- 
ante1 and its analogues morantel and oxantel are, as 
levamisole, anthelmintics that paralyse nematodes 
f41,42]. Pyrantel causes depolarization of muscle 
ceils and spastic contraction of A. strum which is 
inhibited by two choiinergic blocking agents, tubo- 
curarine and piperazine (51,521. Nippostrongylus 
brasiliensis is protected from levamisole-induced 
spastic paralysis by pyrantel and methyridine, sug- 
gesting that ievamisole, pyrantei and methyridine 
act at the same site [51,53]. However, unlike the 
pyrantel-induced contraction, the ievamisole- 
induced one is not inhibited by piperazine and tub- 
ocurarine, suggesting pharmacological differences 
[Sl, 52f. 

Much more knowledge of the neurophysrology 
and underlying biochemical processes is required 
before the mode of action of the above-mentioned 
antheimintics can be better understood. 

Not only antinematodai drugs affect parasite 
motility, important antischistosomal drugs also do. 
The organophosphorus compound, metrifonate. has 
a reversible paralysing effect on S. ?na~son~ and S. 
huem~tob~~~m 1541. This paralysis originates from 
cholinesterase inhibition [SS]. Paraiysing S. hac- 
matobium causes the flukes to relax, thus resulting 
in a shift to the lungs from which relocation to the 
urinary bladder veins may be impossible. In the case 
of S. mansoni paralysis will result in a ‘hepatic shift’. 
As the effect of the drug diminishes, the S. mansoni 
can relocate itself in the mesenteric veins [40]. This 
may be at the origin of the lower susceptibility. 

Numerous clinical trials with the thioxanthenone 
derivative, hycanthone, indicate high efficacy against 
both S. mansoni and S. haematobium. It is a non- 
competitive inhibitor of the schistosomal acetylcho- 
linesterase activity [56]. The effectiveness of such 
inhibition is related to the species. It is very weak 
against eel or bovine esterase and relatively strong 
against that of schistosomes [56,57]. Physostigmine, 
a strong inhibitor in mammalian systems, is much 
less active against the cholinesterase in schistosomes 
[%I. Although the mechanism of the therapeutic 
action of hycanthone may not be related to this 
acetylchoiinesterase inhibitory capacity, the differ- 
ences between parasite and host enzymes may be 
exploited for new antischistosomai compounds. 

The antischistosomal activity of hycanthone has 
also been related to inactivation of the acetylcholine 
receptor site (56,581. It was found that hycanthone 
blocks the paralysis of S. m~nson~ that normally 
occurs when carbachol (carbamylchoiine) is applied 
to worms 1.561. Using a histochemical technique in 
which schistosomes are labelled with a dansylated 

anaiogue of acetyichoiine, hycanthone was found to 
be an effective blocker of this labelling. This results 
suggest that hycanthone has an antichoiinergic 
activity in schistosomes. However, hycanthone has 
no cholinomimetic or antichoiinergic activity in 
mammals. This, together with the fact that atropine 
and ~-tubocurarine. two of the most active choiin- 
ergic blocking agents on mammalian synapses, only 
affect the neuromuscular activity of trematodes at 
high concentrations [40,56, SY], further proves that 
the acetylchoiine receptor may be substantially dif- 
ferent from those found in mammalian systems. 

Oxamniquine is another antischistosomai drug 
that, like hycanthone. possesses an alkyiamino ethyl- 
amino group pnru to a hydroxymethyi group. Like 
hycanthone, ~~xamniquine has antichoiinergic 
activity [60]. However, here too. many more studies 
are needed. 

Other drugs whose primary target could be the 
neuromuscular system are praziquantei and the ben- 
zodiazepine derivative, Ro I l-3128. At low concen- 
trations these drugs will produce a rapid and marked 
spastic paralysis of the musculature of schistosomes 
[61-631. This drug-induced spastic paralysis 
appeared to be independent of any action that the 
drug may have on S. marlsoni~s neurotransmitter 
receptors. Thus it was observed that the praziquantei 
or Ro ll-3128-induced response could not be 
blocked by compounds such as dopamine. S- 
hydroxytryptamine, carbachol, spiroperidol, brom- 
lysergic acid diethyiamide and atropine. Ail of these 
drugs are known to act at neuroreceptive sites in S. 
mansoni (631. 

The addition of praziquantei or Ro 11-3128 to S. 
matason~ preparations causes a rapid depolarization 
of the muscle ceils of the schistosome 1641. Assuming 
that the resting membrane potential of S. mnnsoni 
muscle cells is maintained in a manner similar to that 
in other animals. one would predict a sodium ion 
influx and a potassium ion efflux in these cells. The 
results obtained by Pax et ul. [63] show that both 
drugs stimulate the uptake of “Na’ but inhibit the 
uptake of “K+. A rapid depolarization can also be 
explained by an increased permeability for calcium 
ions. Uptake studies of calcium by male schistosomes 
indicate that both compounds stimulate the influx 
of %a’+ 163). These studies indicate that the inter- 
ference with inorganic ion transport mechanisms by 
Ro 11-3128 and praziquantei may be related to their 
antischistosomal action. 

Praziquantel at concentrations as low as 1 ngiml 
also stimulates movement in hymenolepid cestodes 
and pre-adult ~~h~~~~~~cci~s 1651. Concentrations of 
0.01-0.1 and I-10 ,ug/mI cause contraction in the 
relaxed state and paralysis in the contracted state 
within 10 min and iO--30 sec. respectively 1651. 

‘Metabolic blockers’ 

Praziquantel affects glucose uptake and lactate 
production [65-663. However, this may be secondary 
to the effects on the musculature. 

It has also been suggested that the praziquantel- 
induced inhibition of glucose uptake by ~~rne~o[e~is 
diminuru might be mediated through modulation of 
mitochondrial enzymes 1651. Praziquantel diffuses 
into the Ascuris muscle mitochondria where it 
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inhibits the various mitochondrial NADH-oxidizing 
activities including NADH oxidase and NADH 
fumarate reductase systems [65,67]. Since in Ascaris 
muscle mitochondria the major respiratory-chain- 
linked phosphorylation activity is related to a 
NADH-linked reduction of fumarate to succinate, 
this inhibitory effect will result in a decreased ATP 
synthesis. 

The fumarate reductase system is an essential 
component of carbohydrate metabolism in many 
parasitic stages of helminths (for reviews see refs. 
42, 68-70). It is well known that the succinate 
dehydrogenase-fumarate reductase complex from 
aerobic organisms has a high rate of succinate oxi- 
dation relative to fumarate reduction. For mam- 
malian cells this ratio is about 60 [65]. On the other 
hand, the succinate oxidationifumarate reduction for 
the facultative anaerobe Propionibacterium is about 
3 [71], whereas for the obligate anaerobe Micrococ- 
cus lactilyticus, a ratio of 0.03 is found [72]. This 
ratio is about 8.3 in Trichinella pseudospiralis, thus 
resembling that of the facultative anaerobe [73]. 
Similar ratios were found with preparations of Syp- 
hacia muris [74], Haemonchus contortus larvae 1751 
and F. hepatica [76]. 

This substantial difference between the energy 
metabolism in mitochondria from mammalian or 
worm sources provides an important target for 
chemotherapeutic attack. 

The first anthelmintics found to inhibit the fumar- 
ate reductase system in Ascaris muscle mitochondria 
were tetramisole and its isomer levamisole [42,67,77- 
79]. It is interesting to note that the laevoisomer 
proved to be a more potent inhibitor of the enzyme 
system, a fact compatible with its more potent anthel- 
mintic action 1791. Tetramisole also inhibits the 
fumarate reductase system in A. galli, Toxocara cati, 
Dictyocaulus viviparus, H. contortus larvae and 
adults, T. spirulis and F. hepatica [42]. 

In addition to praziquantel, tetramisole and lev- 
amisole, thiabendazole cambendazole, morantel tar- 
trate and disophenol also seem to affect the fumarate 
reductase system [42,80]. The fumarate reductase 
from thiabendazole-resistant Haemonchus contortus 
is resistant to thiabendazole and cambendazole 
[81,82]. This apparently supports the suggestion that 
both benzimidazoles act by inhibiting the fumarate 
reduction system. However, cross-resistance occurs 
between thiabendazole and mebendazole in some 
H. contortus strains [83, 841, although mebendazole 
does not inhibit the reduction of fumarate. Further- 
more, the benzimidazole-tolerant strains did not so 
far show cross-resistance to the non-benzimidazoles 
levamisole, morantel and disophenol [83,85-871. 
This suggests that the effect of the described anthel- 
mintics on the fumarate reductase system in parasitic 
helminths represents only one aspect of their mode 
of chemotherapeutic action. Studies of Kiihler and 
Bachmann [67] indicate that levamisole, thiaben- 
dazole and praziquantel inhibit various NADH path- 
ways in Ascaris muscle mitochondria. However, suc- 
cinate oxidase and succinate-cytochrome c reductase 
activities were only significantly inhibited by thia- 
bendazole. This would indicate at least an additional 
site of inhibition by thiabendazole. 

A better knowledge of the organization and func- 

tion of mitochondrial electron transport in parasitic 

helminths may provide us with a chemoreceptor 
which has no analogue in the organs of the host and 
may thus lead to the development of more selective 
inhibitors. 

Mebendazole is capable of exerting a number of 
effects which, taken together, may account for its 
broad spectrum anthelmintic activity (for reviews see 
refs. 42, 88, 89). Progressive time-related morpho- 
logical changes in cestodes and nematodes after 
treatment of the hosts with mebendazole have been 
reported [9@92]. The first effect observed is a dis- 
appearance of the cytoplasmic microtubules of the 
tegumental or intestinal cells of the parasitic worms. 
Similar results were obtained with the fluorine 
analogue of mebendazole, flubendazole [91]. The 
disappearance of microtubules and the subsequent 
block in transport of secretory vesicles may lead to 
impaired coating of the membranes, followed by a 
decreased digestion and absorption of nutrients. In 
fact, mebendazole affects in vitro and in vivo the 
glucose uptake by nematodes and cestodes. This is 
followed by an increased utilization of endogenous 
glycogen and/or decreased synthesis of this polysac- 
charide [42,93]. Mebendazole was also found to 
have a number of effects on energy metabolism in 
helminths. For example, it affects malate-induced 
phosphorylation in Ascaris mitochondria [42] and in 
vitro and in vivo it decreases ATP synthesis in Mon- 
iezia expansa [93,94]. 

Another benzimidazole carbamate, fenbendazole, 
also interferes with the absorption of glucose and 
especially with the incorporation of glucose into gly- 
cogen by Ascaris [95]. Fenbendazole shares with 
mebendazole and other benzimidazole derivatives, 
e.g. albendazole, nocodazole, oxibendazole, par- 
bendazole, benomyl, carbendazin and cambenda- 
zole, the ability to bind to mammalian tubulin and 
to inhibit the assembly of microtubules [9698]. At 
high concentrations, thiabendazole also affects the 
polymerization of bovine brain tubulin. Fifty per 
cent inhibition was achieved at 5.49 X lO_“M [Y8]. 
Thiabendazole also binds to fungal tubulin [YY], a 
property common to carbendazin (991 and nocoda- 
zole [loo]. A high degree of homology between 
fungal and mammalian tubulin can be derived flom 
their property to co-polymerize [loo, 1011. However, 
the inhibitor constant K, of nocodazole for fungal 
tubulin has shown to be 8 x lo-” M [102]. This is 
about 120 times lower than the K, obtained for rat 
brain tubulin [96], therefore indicating that distinct 
differences may be present. In current work, P. A. 
Friedman finds that the inhibition constant of 
mebendazole for Ascaris embryonic tubulin is about 
380 times less than that of mebendazole for brain 
tubulin (Friedman, personal communication). These 
observations further suggest that tubulin from dif- 
ferent phylogenetic sources may have differential 
binding affinities and may explain, at least partly, 
the selective action of the benzimidazole derivatives. 
However, studies on tubulin from Ascaris intestinal 
cells are needed before definite conclusions can be 
drawn. A better characterization and a greater 
understanding of the biochemistry of helminth tub- 
ulin may lead to the finding of new targets for specific 
chemotherapy. 
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Other examples of important targets are the 
phosphofructokinase. the limiting enzyme of the gly- 
colytic pathway of schistosomes (for review see refs. 
40, 60) and the fixation of CO* into phosphoenol- 
pyruvate, a reaction catalysed by the phosphoenol- 
pyruvate carboxykinase (for reviews see refs. 70, 
103, 104). The latter enzyme is a key enzyme in the 
catabolism of carbohydrates in, for example, Ascaris 
[lOS], F. hepatica [106] and M. expansa [93]. In 
mammalian cells this enzyme is biologically active 
in the direction of phosphoenolpyruvate formation. 
Here it is a key enzyme in the biosynthesis of 
glycogen. 

A series of important anthelmintics belongs to the 
salicylanilides, of which niclosamide and rafoxanide 
are well-known examples. A recently developed sal- 
icylanilide is closantel, an intramuscularly and orally 
active anthelmintic drug, efficacious in cattle and 
sheep against F. hepatica, F. gigantica. bloodsuck- 
ing nematodes and the insect larval stages of Oestrus 
ovis, Dermatobia sp. and Hypoderma sp. (D. Thien- 
pont et al., personal communication). Experimental 
evidence obtained thus far indicates that closantel, 
in vitro and in vivo, disturbs the mitochondrial phos- 

phorylation in F. hepatica and can be classified as 
an antiparasitic hydrogen ionophore [ 1071. 

Although this salicylanilide also uncouples 
mammalian mitochondria in vitro, it has no effect 
in vivo on liver mitochondria from uninfected rats 
and on heart mitochondria from both normal and 
infected rats [107]. Liver mitochondria isolated from 
rats with adult liver flukes seemed to be completely 
uncoupled. When these rats were injected i.m. with 
5 mg closantelikg body wt, the liver mitochondria 
returned to the more tightly coupled state and 
became fully comparable to controls [ 1071. 

Since mitochondria from the parasite and host are 
equally sensitive in vifro to closantel and other sal- 
icylanilides, whereas in vivo at therapeutic doses 
only the parasite mitochondria are affected, it would 
be fair to assume that the selectivity is associated 
with binding to proteins and distribution within the 
host and differential absorption by Fasciola 142, X0]. 
This certainly calls attention to the role of phar- 
macokinetic studies in the development of anthel- 
mintics. Here also much groundwork remains to be 
done. 

Conclusion 

The studies discussed here indicate that the door 
is ajar for a glance at the physiological world of 
parasitic helminths. However, many more questions 
than answers are visible. In fact, thus far the field 
of parasitic diseases has received only crumbs of the 
“new biology’s cake”. 

The World Health Organization has dedicated its 
efforts to the attainment, by the year 2000, of a level 
of health by all peoples of the world that will permit 
them to lead a socially and economically productive 
life. The provision of primary health care is seen as 
the fundamental vehicle for achieving this goal [108]. 

Although socioeconomic improvement and a more 
rational utilization of existing effective drugs will 
already be of great help, we have to kick open the 
door as far as possible to meet the challenge. 

Janssen for his constant interest: M. De Brabander, P. 
Laduron. J. Symoens. D. Thienpont and H. Van Belle for 
useful comments; H. Vanhove for help in preparing the 
manuscript: and B. Wouters for typing. 
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