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ARTIGOS

EFFECTS OF LEVAMISOLE ON EXPERIMENTAL INFECTIONS BY

PLASMODIUM BERGHEI IN MICE
Enrique Melendez C.1 e Antoniana U. Krettli2

Levamisole (phenylimidothiazol), considered a strong immunostimulant, when
administered to healthy Swiss mice did not cause a significant increase inthe weight of
their thymus, liver and spleen, even though the drug was used at different times before
removing such organs. High doses of drug used in the 4-day prophylactic scheme had no
antimalarial effect. However, when given to malaria infected mice 24 hours before, atthe
same time, and 24 hours after the inoculation of a chloroquine-sensitive or a chloroqui-
ne-resistant strain of Plasmodium berghei small doses of the drug induced a somewhat
decreased parasitemia, the dose of 1 mg/kg body weight before the inoculum being the
best scheme. The mortality rates by malaria in the levamisole treated groups were also
delayed although all mice finally died. The data suggest that levamisole may display a

stimulant effect on the depressed immune response caused by malaria.
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Malaria induced by P. berghei in rodents or by
other plasmodia, including those in human species,
decreases the immune response of infected vertebrates
against unrelated antigens and causes an increased
susceptibility to concomitant infections (Review in 6).
Experimental studies have demonstrated a reduction
in the B lymphocytes and the total number of cells in
peripheral lymph nodes of mice infected with P.
berghei as well as a substancial decrease of thymus
weight and rates of thymus T cells’. Furthermore, a
decreased number of circulating lymphocytes in chil-
dren with malaria has been observed>13. A progressive
infiltration of plasma cells in periarteriolar areas of the
spleen of infected mice was shown during the immu-
nosupression period®. Recent studies also show that
the lymphocyte response to purified Plasmodium
Jalciparum antigen during acute malaria caused by
this parasite is significantly reduced. However, the res-
ponse to other unrelated mitogens (lectins) or to tuber-
culin antigen was not suppressed by malarial, Some
drugs and biological agents have been used as immu-
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nostimulants, such as cyclophosphamide, which may
give the animal some protection against malaria2.

Levamisole is also considered an immunopoten-
tiating agent although the drug was originally used for
its therapeutic value against helminths (filarias) and
some protozoal infections (leishmaniasis) (Review in
11). The improvement of the immune functions by the
drug has been attributed to the enhancement of cell
activity and to an increased number of total T cells
when they were depleted. Since the effectiveness of
many prophylactic and therapeutic drugs can be in-
creased by the host immune responsel! and since
malaria is immunosuppressive, we have investigated
the immunopotentiating activity of levamisole in mala-
ria. In parallel, we have also determined a possible
change in the total weight of the thymus, spleen and
liver, organs involved in the immune response, after
treatment of normal mice with levamisole.

MATERIAL AND METHODS

Parasites — Parasites of the erythrocytic cycle of
P. berghei NK65!4 sensitive to chloroquine, and, a
chloroquine-resistant strain (CR) were maintained by
weekly blood passages in female Swiss mice with 18 to
20 grams weight and a standard inoculum. The CR
strain was drug-induced in the laboratory’ and frozen
at — 70°C for 6 years before use. It was then kept in
mice under chloroquine action to maintain its resistan-
ce to the drug.

Inoculation with P. berghei — Infected blood
was collected in 3.8% sodium citrate solution from the
orbital sinus of mice at the peak parasitemia. The per-
centage of infected cells was determined in Giemsa
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stained blood smears and the total number of red blood
cells (RBC) in a Neubauer chamber. After the desired
dilution in sodium citrate 107 parasitized RBC were
given to each animal by intraperitoneal route (i.p.).
Parasitemia was determined by blood smears every
48 hours until the animal death. Mortality was daily
monitored.

Administration of levamisole — Levamisole
hydrochloride, a imidothiazolic derivate kindly pro-
vided by Johnson & Johnson Laboratories (Campinas,
Séo Paulo), was dissolved in distilled water to give
0.25 ml per mice p.o. Groups of 6 or 7 animals inocu-
lated with P, berghei received levamisole in the doses
of 0.1, 1 or 10 mg/kg of body weight, either as a single
dose or on 2 consecutive days according to the fol-
lowing scheme: a) 24 hours before the inoculum;
b) concomitant to the inoculum; c¢) 24 hours after ino-
culation. The two criteria used to evaluate the immu-
nostimulant effect of the drug were parasitemia curves
and mortality in both control untreated and experimen-
tal groups.

With the P. berghei CR strain a dosage of
1 mg/kg per 1 or 2 consecutive days before the
inoculum was used.

Liver, spleen, and thymus weight afier levami-
sole — Groups of 3 or 4 treated or untreated normal
mice were used to evaluate the effect of levamisole on
the weight of the lymphoid organs; 0.1, 1 or 10 mg/kg
were used in either a single dose or on 2 consecutive
days. Animals were sacrificed at 24, 48 and 72 hours
after the drug administration according to each sche-
me. Each animal was anesthetized with sulfuric ether
and total bleeding was done sectioning the vascular
axilar plexus. Then their spleens, livers and thymuses
were carefully removed and immediately weighed on a
Mettler precision balance (Mo-H31AR).

Chemotherapeutic activity of levamisole
against P. berghei — To determine a possible chemo-
therapeutic activity of levamisole, groups of 7 mice
inoculated i.p. with 107 P. berghei parasitized RBC
were treated with 4 consecutive daily doses of 25, 50,
100 and 150 mg/kg. Blood smears were examined on
the 5th and 7th days after inoculation, in both control
and treated groups, to determine the rate of parasite-
mia. Mortality was daily monitored.

Statistic analysis — Student’s “t” test was used
to determine the significance of the differences among
the means in the liver, spleen and thymus weights; a
X2 test was used to determine the significance of the
differences among parasitemia means.

RESULTS

Therapeutic activity of levamisole — There was
no differences in parasitemia by P. berghei in levami-
sole treated or untreated groups (Fig. 1). Mortality
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Figure I — Parasitemia rates inmice ondays 5 (3) and 7(0O)
after i.p. inoculation with Plasmodium berghei
(107 infected RBC per mouse) and treatment, by
oral route, with different doses of levamisole,
during 4 consecutive days, beginning 24 hours
after parasite inoculation. Vertical lines indicate
the standard error of the mean (n = 6). There was
no statistical difference between parasitemia in
control and treated groups.

rates of 100% were observed on all groups by day 10
after inoculation. Therefore, levamisole was ineffecti-
ve against P. berghei.

Levamisole effect on lymphoid organs of nor-
mal mice — When either a single dose of levamisole or
two of 0.1, 1 or 10 mg/kg were given to normal mice
their thymus and spleen weights were in general above
the normal values although only with the higher dose of
drug, given 48 or 72 hours before, this increased size
was more clearly detected. However, the differences
were not statistically significant on either the liver,
spleen or thymus weights during the treatment(Fig. 2).
Since there were rather large individual varidtions with
some of the animals this might have affected the mean
of the groups.

Immunostimulant effect of levamisole on infec-
tions by P. berghei — Levamisole did not alter the
course of infection by P. berghei when administered in
different doses at the same time or after the inoculum.
However, when levamisole was administered 24 hours
before the infection by P. berghei parasitemia means
were reduced from day 4 on, in relation to the control
groups using the doses of 1 or 10 mg/kg (Fig. 3).
Furthermore, when levamisole was administered with
the doses of 0.1, 1 or 10 mg/kg, for two consecutive
days before inoculation, but specially at the dose. of
1 mg/kg, mean parasitemia were clearly reduced in
relation to the control group (Fig. 4). The mortality
rates were somewhat delayed after levamisole treat-
ment of malaria infected mice in these cases.
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Figure 2 - Means and standard deviations of thymus, liver
and spleen weights of normal untreated mice ({J)
or mice previously treated with levamisole by oral
60 route in different doses, given 24 (0 ), 48 (@) or
72 hours (A) before, in two consecutive days.
There was no statistical difference between con-
50 trol and treated mice.
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Figure 3 — Mean parasitemia by Plasmodium berghei (strain

NK65) in groups of mice inoculated by intraperi-
toneal route with 107 parasitized RBC. In solid
lines are the groups treated with different doses
(mg/kg) of levamisole (@ =0.1; A=1.0; A =10)
given once 24 hours before inoculation and in
dotted line the untreated mice.

107 parasitized RBC by intraperitoneal route.
Control untreated group (dotted line) or groups
treated by oral route with different doses of leva-
misole (mg/kg) (@ = 0.1; A = 1.0; A = 10.0}
given twice, at 48 and 24 hours before parasite
inoculation.
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Effect of levamisole on a chloroquine-resistant
(CR) P. berghei strain— A reduction in the parasitemia
was found after administering levamisole at 1 mg/kg
dose, the only dose used, before the infection by CR
P. berghei strain. Parasitemia was also reduced in
other groups treated with either chloroquine alone or
levamisole plus chloroquine. There was no significant
reduction in the mortality rates in the experimental
groups although they were delayed by levamisole
treatment.

DISCUSSION

In the present work we show that levamisole is
not active against P. berghei even though doses close
to the toxic levels have been used. The thymus and
spleen weights were increased by the drug used in
normal mice (1-10 mg/kg) but the statistical analysis
show no significant difference in relation to untreated
mice. The later result has also been observed by
Hoebeke and Franchi4 though in their experiments
they worked with animals ranging from 20 to 25g of
weight. The weight variation in our mice ranged from
18 to 20g allowing therefore a more precise evaluation
of the organ weights.

When levamisole was administered before the
inoculation of P. berghei strain NK65, the drug pro-
duced a reduction of parasitemia which was more pro-
nounced between the 4th and 8th day of infection, and
using 1 mg/kg dose for two consecutive days. Thus it
was apparently this dose which better stimulated the
immunity in the infected animals. The decreased para-
sitemia observed after levamisole treatment may have
been a result of an increased phagocytosis with des-
truction of the plasmodia. Some authors have proved
that this drug causes a significant stimulation of RBC
phagocytosis? 8.

After the 8th day of P. berghei inoculation leva-
misole did not alter parasitemia possibly because its
highest immunostimulant effect was present during the
first 48 hours after drug administration!®. Indeed, le-
vamisole administered at the same time or after inocu-
lation of parasites, did not alter the parasitemias, as
reported by other authors!2.

Based on our results and because levamisole is a
already used in humans we suggest that levamisole
could be used in human malaria in careful studies,
initially with P. vivax, since this parasite is not usually
lethal. It may improve treatment of the disease by
chloroquine and eventually help the difficult task of con-
trolling malaria parasitemias in the P. falciparum CR
strains, now largely spread in all endemic areas in
Brazil.

RESUMO

Levamisol (fenilimidotiazol), considerado um
potente imunoestimulante, quando administrado a
camundongos suigos ndo causou aumento significan-
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te nos pesos do timo, figado ou bago, apesar de a droga
ter sido usada em diferentes tempos antes da remogdo
desses 6rgdos. Doses elevadas da droga usadas no
esquema profildtico de 4 dias ndo tiveram efeito anti-
maldrico. Entretanto quando dada a camundongos
com maldria, 24 horas antes, ao mesmo tempo ou 24
horas apés inoculagdo de uma cepa de Plasmodium
bergheicloroquina-sensivel ou uma cepa cloroquina-
resistente o levamisol reduziu, ainda que discreta-
mente, a parasitemia nos grupos tratados, sendo a
dose de 1 mg/kg o melhor esquema. Foi observado
também atraso na mortalidade por maldria nos
grupos tratados com o levamisol. No entanto, todos
os animais morreram. Os dados sugerem que o leva-
misol tem efeito imunoestimulante, ainda que dis-
creto, na resposta imune de animais, deprimida pela
maldria.

Palavras chaves: Malaria. Plasmodium berghei.
Cepa cloroquina-resistente. Levamisol. Imunoesti-
mulante.
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