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Effect of levamisol on tissues of Ascaris lumbricoides

H. A. EL BouLAQl!, F. K. DAR!, E. 1. HAMDY?, E. G. MIKHAIL?

Summary

Levamisol which is highly effective against Ascaris infections, was shown to
produce degenerative changes in the intestine and the reproductive system of
the worm. Worms that were not expelled by treatment produced only non-
viable eggs which could not develop in vitro. Levamisol is thus shown to be not
only a highly curative drug, but a compound of significant edpidemiological
importance.
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Introduction

Tetramisol (2,3,5,6-tetrachloro-6-phenyl-imidazo (2,1-b) thiazol) is an ef-
fective antinematodal drug used in man and animal (Seftel and Heinz, 1968).
The levoisomer of tetramisol (levamisol which is available commercially as
Ketrax) is about twice as active as the racemic form and side-effects are again
much fewer (Forsyth, 1968; Thienpont et al., 1969).

The drug appears to act by inhibiting the enzyme succinic dehydrogenase
in the muscles of the worm resulting in complete paralysis (Van den Bossche
and Janssen, 1967). As a result the parasite loses its hold on the intestinal muco-
sa and gets expelled by peristalsis.

The compound seems to be effective against a variety of gastrointestinal
nematodes harboured by man and animals. All reports have indicated that the
drug is safe and is of particular value in ascariasis. A single oral dose of 2.5 mg/
kg with or without fasting or purging, gives a cure rate of 92% to 97% (Lionel et
al., 1969). This high cure rate is clearly superior to that obtained by other ascari-
cides presently used.
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In our own preliminary studies, we obtained a cure rate of 97.5% using a
dose rate of 2.5 mg/kg. There were 3 failures out of 120 trials. When cultures of
eggs were done from the faeces of these non responding cases by the method of
Hamdy (1968), it was noticed that the ova failed to develop in the cultures. This
finding raised the question whether the drug had any effects on the different
systems of the worms other than its paralysing effect.

The present work was thus designed to study any morphological changes in
Ascaris lumbricoides due to levamisol treatment.

Materials and methods

Human cases of ascariasis were treated with Ketrax. A single oral dose of 2.5 mg/kg was given
irrespective to meals and without purgatives. The stools were examined for expelled worms for a
period of 7 days after treatment. The recovered worms were washed with saline and fixed in 10%
formalin. Pieces of the worms were taken at different levels to be embedded in paraffin. Sections
were cut 5 microns thick, stained with haematoxylin and eosin, and examined for any pathological
changes. The findings were compared with sections prepared from untreated worms (controls)
discharged spontaneously from heavily infected cases.

Results

1. Control worms

A transverse section of the worm showed an outer intact cuticle, followed
by subcuticular matrix and then a well-defined muscle layer. The subcuticle
showed 4 lines or thickenings that contained the dorsal and ventral nerve cords
and 2 lateral excretory ducts. The intestine appeared as a flattened tube lined
with a single layer of columnar cells of regular size with basal nuclei and no
vacuoles (Fig. 1).

The female genital tract was circular in cross-section with villi-like struc-
tures projecting from the inner surface. Uteri appeared as big circles full of
intact, mamillated, cellular, fertilized, and regularly distributed eggs (Figs. 3
and 4).

The male genital system was circular in cross-section. Spermatozoa were
amoeboid, nucleated, numerous, and regular (Fig. 7).

Fig. 1. Section of the intestine of a normal worm. It i1s lined by columnar cells which are regular in
size and shape with basal nuclei. x 90,

Fig. 2. Section of the intestine of a treated worm. The columnar cells become irregular in size and
shape, vacuolated and with displaced nuclei. x 90.

Fig. 3. Section of the genital system of a normal female. Uteri show villi-like projections internally
while the ova are numerous and homogeneously distributed. x 52.2.

Fig. 4. Same as Fig. 3 but with higher magnification ( % 300). The ova are normal in appearance and
fertilized.
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2. Treated worms

Section of the treated worms showed normal cuticle and subcuticle. The
muscle fibres were thin and separated from each other. Nerve cords and excre-
tory ducts were atrophied.

The columnar cells of the intestine were affected. They appeared irregular
in size and shape, vacuolated, degenerated, and with displaced nuclei (Fig. 2).
The walls of the uteri were thin with atrophied villi. The uteri contained eggs
and degenerated structurless acidophilic homogeneous masses. The degenerate
vacuolated eggs were few in number, irregular in outline with very poorly-
developed shells, and without the mamillated coats (Figs. 5 and 6).

The male reproductive system also showed extensive damage with abnor-
mal spermatozoa (Fig. 8).

Discussion

[t 1s known that levamisol induces paralysis of Ascaris by selective inhibi-
tion of succinic dehydrogenase in its muscle. This blocks the reduction of
fumarate to succinate which is an important step in the anaerobic metabolism
of nematode muscle (Van den Bossche and Janssen, 1967).

The present results clearly show that the drug not only interferes with the
carbohydrate metabolism in the muscles, but also in the different systems as
indicated by the pathological changes described above.

The degenerative changes in the intestine of the worm interfere with diges-
tion and absorption leading to starvation. The drug was also shown to damage
the nerves and this probably augments its paralysing effect on the muscle. Both
these factors explain the rapid elimination of the worms after therapy, since
most of them are expelled in the first 24 h after drug administration (Lionel et
al., 1969).

We are satisfied that the histological changes seen after treatment were due
to drug action and not to post-mortem changes per se. Sections of untreated
dead worms did not show the specific lesions seen in the drug treated ones.

Levamisol is the most effective ascaricide presently in use. The cure rate is
as high as 97% (Vakil et al., 1970). Futhermore, the drug is of epidemiological

Fig. 5. Section of the genital system of a treated female worm. Uteri show thin walls and atrophied
villi. They contain fewer eggs which are degenerated structureless acidophilic homogenous masses.
$52.2.

Fig. 6. Same as Fig. 5 but with higher magnification (> 300). The ova are irregular in outlines, with
very poorly developed shells, absent mamillated coats and disrupted unfertilized contents.

Fig. 7. Section of the genital system of a normal male. Spermatozoa are numerous, amoeboid and
nucleated. % 300.

Fig. 8. Section of the genital system of a treated male. Spermatozoa are fewer in number and
degenerated. x 300.
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significance in that even in the small proportion of non-responding cases, its use
affects the fertility in both the male and the female worms. The present study
clearly shows that the degenerative changes in the reproductive systems of the
worms lead to the production of non-viable eggs. Such eggs were shown to be
incapable of development in vitro. It is thus evident that the wide-spread use of
drugs like levamisol may help in effectively breaking the transmission cycle of
the parasite in the endemic areas.
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