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Schistosoma mansoni: ACQUIRED IMMUNITY IN MICE AFTER THE USE OF OXAMNIQUINE
AT THE EVOLUTIVE SKIN AND PULMONARY PHASES

Paulo Marces Z. COELHO (1), Romule T. MELLO (2) & Silvia E. GERKEN (2)

SUMMARY

Mice infected with 350 cercariae of Schistosoma mansoni (LE strain) were treated
with oxamniquine, at the dose of 400 mg/kg, 24, 48, 72, and 96 h after infection.
Forty days after the treatment, the animals were submitted to a challenge infection
with 80 cercariae, through the abdominal and ear skins. The number of immature
worms in the animal groups treated 24 and 96 h after the first infection was found
to be lower than that in the control group, thus showing that the death of schisto-
somes by chemotherapy, at the skin and pulmonary phases, causes an acquired

resistance state.
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INTRODUCTION

Subsequently to the pioneer work by VILLEL-
LA et al.!® various authors™ !5 ¢ demonstrated
the acquisition of immunoprotection by means
of a previous infection with irradiated cercariae.
BICKLE & JAMES? gave an impulse to this re-
search line, when they showed that irradiated
and cryopreserved schistosomula keep their abil-
ity to induce immunoprotection. This finding,
which was corroborated by different authors, ma-
de way for and signified a new possibility of ob-
taining a practicable vaccine, since it was possi-
ble to store up live immunizing forms. The com-
prehensive review elaborated by DEAN® showed
that higher doses of irradiation, beginning with
20 Krad, are more efficacious in the process of
inducing immunoprotection. Based on different

works present in the literature, this author sug-
gests that the efficacy of higher doses of irradia-
tion could be related to the parasites death, at
the skin phase, thus inducing a more intense
immunoresponse. On the basis of these observa-
tions, MASTIN et al!° and BICKLE & AN-
DREWS? were able to get a state of immunopro-
tection, using chemotherapy with Ro-11.3118, 24
h after infection with 500 cercariae. However,
these authors failed to obtain good results when
oxamniquine was used.

The scope of the present work is to study the
treatment with oxamniquine in detail, using hi-
gherdoses of the drug aiming at obtaining induc-
tion of an immunoprotection state.
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MATERIAL AND METHODS

Groups of outbred albino mice were infected
with about 350 cercariae of S. mansoni (LE
strain), via the abdominal transcutaneous route.
Afterwards, the animals were divided into three
groups, and treated with oxamniquine, at a sin-
gle dose 0f400 mg/kg body weight, via oral route,
24, 48, 72 and 96 h after infection. Forty days
after the treatment, all the animals of each group
were sub-divided into two other groups, and sub-
mitted to a challanger infection with 80 cerca-
riae, via transcutaneous route (abdomen and
ear), according to the techniques described by
BARBOSA et al' and GERKEN et al®. Twenty
days after the challenge infection, all the mice
were sacrificed and perfused for recovery and
countings of immature worms, as described by
PELLEGRINO & SIQUEIRA!*. Careful observa-
tions were carried out in order to detect the ab-
sence of adult worms in the mice submitted to
chemotherapy, and to search eggs in tissues of
their liver and intestines, by means of the
oogram method'.

Statistical analysis was perfomed using the
Student’s t test!”.

RESULTS

The results obtained in this study are sum-
marized in Tables 1 and 2. As it can be seen,
the animals that received chemotherapeutic
treatment with oxamniquine, 24 and 96 h after

TABLE 1
Recovery of S. mansoni worms in mice previously infected*
and treated** with oxamniquine, and challenged*** with cerca-
riae through the abdominal skin.

Interval Number of Mean and Statistical
between mice standard deviation analysis
Group infection per of immature worms by the
and group recovered 20 days Student’s
treatment after challenge “t” test
(hours) infection p<
A 24 10 16.80 * 6.34 0.01
B 48 9 21.60 = 9.76 NS
(o} 72 9 22,00 = 176 NS
D 96 10 17.20 = 5.87 0.01
Control — 11 2891 * 607 —

* Infection with 350 cercariae
** Treatment with oxamniquine (400 mg/kg, single dose)
*+* Challenge infection with 80 cercariae
NS = Not significant

TABLE 2
Recovery of S. mansoni worms in mice previously infected*
and treated** with oxamniquine and challenged*** with cerca-
riae through the ear skin.

Interval Number of Mean and Statistical
between mice standard deviation analysis
Group infection per of immature worms by the
and group recovered 20 days Student's
treatment after challenge “t" test
¢hours) infection p<
Al 24 9 4.11 + 411 0.05
B! 48 9 6.60 = 4.83 NS
C’ 72 8 415 * 3.59 NS
D! 96 8 3.13 = 1.89 0.01
Control — 9 833 * 4.18 —

*

Infection with 350 cercariae

Treatment with oxamniquine (400 mg/kg, single dose)
*** Challenge infection with 80 cercariae

NS = Not significant

*

*

the first infection, presented mean immature
worm burdens significantly lower than those
found in the control groups. This fact occurred
with mice challenged with cercariae both via ab-
dominal (Table 1) and ear (Table 2) skins. How-
ever, the same did not occur when treatment
was carried out 48 and 72 hours after the first
infection. The absence of adult worms and eggs
in all the treated animals allows us to infer that
the drug was effective, and that the immunity
observed was not related with concomitant im-
munity.

DISCUSSION

The results showed that treatment with
oxamniquine, at the dose of 400 mg/kg, 24 and
96 h after infection with 350 S. mansoni cerca-
riae, causes the development of resistance
against reinfection (Tables 1 and 2). BICKLE &
ANDREWS? could not observe statistically sig-
nificant resistance in mice treated with a lower
dose of oxamniquine (150 mg/kg), 24 h afterinfec-
tion. According to these authors, oxamniquine
did not kill in situ all the parasites, when it was
administered at the dose of 150 mg/kg, at the
skin phase, and allowed part of them to migrate
to other sites. This assumption was also corrobo-
rated by MASTIN et al*.

Our data showed that oxamniquine was
capable of inducing immunoprotection, when

administered at a higher dose (400 mg/kg), 24 h
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after infection. In a previous experiment, it was
verified that treatment with the same drug, and
at the same dose, when used 1 h before and 24
h after infection, was effective inducing immuno-
protection. When administered within these pe-
riods, the drug might have killed the majority
of the schistosomes at the skin phase, since they
remain at this site up to 24 h after infection'.

In the same way, resistance to infection
could be observed in the animal group treated
96 h after infection, when almost all the schisto-
somes remain at the lungs!. FLISSER & McLA-
REN?® have recently demonstrated that treat-
ment with praziquantel, 6 days after infection,
produces immediate tegumentary changes, thus
allowing a binding between fluorescein marked
antibodies and surface antigens. Pulmonary
haemorrhages can appear as a result of parasi-
tary enzyme release, as well as of inflammatory
reactions around a deposit of immunocomple-
xes. This inflammatory reaction can contribute
to immunoprotection acquisition.

COULSON & MOUNTFORDY, studying at-
tenuated parasites by irradiation, showed the
importance of the administration route in the
process of inducing immunoprotection. They fai-
lled to obtain immunoprotection, when inocula-
tion of attenuated parasites was performed via
intravenous route, in sharp contrast with the re-
sults obtained via intradermal route, similar to
those achieved when transcutaneous route was
used. On the other hand, peritoneal and intratra-
cheal routes were able to promote a partial resis-
tance only. MOUNTFORD et al!?2 showed that
the death of schistosomes alone (at the skin phase)
is not sufficient to induce immunoprotection in
mice treated with Ro-11.3128. Further, they show-
ed that the parasites of primoinfection are prin-
cipally eliminated after reaching the lungs. Ac-
cording to the same research line, MENSON et
al!! showed the importance of vaccination with
irradiated cercariae for the pulmonary mobili-
zation of lymphocytes and macrophages to-
wards the infection focus. On the other hand,
VIGNALI et al*® demonstrated the importance
of the permanence of the parasites at the lungs
for the development of cellular response in rats.
Finally, a work very well conducted by ELSA-
GHIER & McLARENS?, published in 1989, show-
ed that in a schedule of vaccination with irra-
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diated cercariae, the dose of 20 Krad caused the
death of the majority of the irradiated cercariae
at pulmonary level (75%), whereas the dose of
50 Krad provoked the death of the great majority
of the irradiated cercariae in the skin (only 5%
of them reached the lungs). It is important to
remark that the use of both doses of irradiation
in schedules of vaccination with attenuated pa-
rasites induces a significant state ofimmunopro-
tection in vaccinated mice.

In the present study, we have failed to obtain
acquired resistance in the animal groups treated
48 and 72 h after first infection. In an attempt
to explain these results, the most plausible hypo-
thesis is based on the fact that the most part
of the parasites had already left the skin on the
occasion of the chemotherapeutic treatment,
but had not reached the lungs yet!, consequently
dying at other sites where the resultant inflam-
matory reaction could not produce a suitable
immunoprotective response. It is worth noting
that the results obtained in this study corrobo-
rate both the animal group challenged through
the abdominal skin and the other one submitted
to challenge infection through the ear skin (Ta-
bles 1 and 2). Moreover, it is interesting to remark
that differences related to worm recovery in con-
nection with the site of infection could be obser-
ved for the first time. Thus, a lower adult worm
recovery rate was clearly detected, when reinfec-
tion was performed through the ear skin. Finally,
the present work allows the reinforcement of the
hypothesis that resistance to infection depends
on the site where it occurs, both with irradiated
cercariae® ¢ and through the death of schisto-
somes by chemotherapy. Furthermore, it is well
established that chemotherapeutic killing of
schistosomes at the lung phase induces immu-
noprotection against reinfection. These results
open the possibility for future successful studies
in which the use of chemotherapy at the initial
phases of infection could induce an acquired re-
sistance state.

RESUMO

Schistosoma mansoni: imunidade adquirida
em camundongos, apos o uso de oxamniquina
durante as fases evolutivas da pele e do pulmio.

Camundongos infectados com 350 cercdrias
de Schistosoma mansoni (cepa LE) foram trata-
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dos com oxamniquina, em dose tinica de 400 mg/
kg, 24, 48,72 e 96 horas apés a infec¢cao. Quarenta
dias ap6s o tratamento, os animais foram subme-
tidos a uma infeccao desafio com 80 cercarias,
através da pele al-:lominal e da orelha. O nimero
de vermes imaturos nos grupos de animais trata-
dos 24 e 96 horas apds a primeira infec¢ao foi
menor do que o do grupo controle, evidenciando
que a morte de esquistossémulos por quimio-
terapia, durante as fases da pele e do pulmao,
causa um estado de resisténcia adquirida.
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