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RESISTANCE TO OXAMNIQUINE OF A Schistosoma mansoni STRAIN ISOLATED FROM PATIENT
SUBMITTED TO REPEATED TREATMENTS

P.M.Z. COELHO (1), F.C. LIMA E SILVA (2) & J.A. NOGUEIRA-MACHADO (3)

SUMMARY

A strain of Schistosoma mansoni (R1) was isolated from patient previously submitted to four treatments with
oxamniquine, and to another one with praziquantel. The results obtained with chemotherapeutic test, by using
oxamniquine in mice infected with the strains R1 and LE (standard), showed an evident resistance to the drug in worms
of the strain R1. Thus, at the dose of 250 mg/kg oxamniquine, all mice (17) infected with the LE strain did not show
surviving worms, whereas 12 out of 17 mice infected with the R1 strain presented surviving worms. At the dose of 200
mg/kg, the LE strain showed recovery rates of 1.06% and 20.58%, whereas the R1 strain presented 18.57% and 61.14%,
for male and female worms, respectively. At the dose of 100 mg/kg, the recovery of male worms was 2.6% for the LE
strain, and 29.9% for the R1 strain. At the same dose, the recovery of females did not show statistically significant differ-
ences between the two strains (LE = 76.38%, R1 = 79.12%). Praziquantel showed similar antischistosomal activity
against both studied strains, when administered at the dose of 500 mg/kg.
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INTRODUCTION

Resistance of human strains of Schistosoma mansoni to
antischistosomal drugs has been described by several authors'-"*
9.13.15.16,17.21.22.26.27.33 © On the other hand, a large number of ex-
periments have attained induction of resistance under laboratory
conditiong* % 6% 18.20.25. 32 The present study was undertaken to
test a strain of S. mansoni, which was isolated from patient pre-
viously submitted to four treatments with oxamniquine and to
one treatment with praziquantel. The patient showed no evi-
dence of being reinfected, and treatments did not succeed.

MATERIAL AND METHODS

S. mansoni strains
The following strains were used in this work:

LE strain - This strain has been maintained through successive
Biomphalaria glabrata-hamster (Cricetus auratus) passages in the
laboratory of the Schistosomiasis Research Unit, UFMG - Brazil,
for more than 30 years. It is the standard strain for
antischistosomal drug experiments.

Isolated strain (designated R1) - This strain was isolated
from faecal material obtained from a patient (G.M.C., 15 years old,
male, white) living in Bardo de Cocais, State of Minas Gerais, Bra-
zil who had been submitted to four treatments with oxamniquine
with conventional clinical doses, and one treatment with
praziquantel. Viable eggs could be detected on posterior stool ex-
aminations. Nevertheless he informed that after the first and subse-
quent treatments he had not had any contact with water containing
cercariae.

Isolation of this strain was obtained using a strain (BH) of
Biomphalaria glabrata as follows: The faecal material, corre-
sponding to the total amount of a dejection, was homogeneized
with 0.85% saline, at 4° C. This suspension was filtrated through
4-time-folded surgical gauze, the filtrated material was resus-
pended in 0.85% saline at 4°C, and kept in the freezer for sedimen-
tation. One hour later, the supernatant was put aside, and the sedi-
ment was seen in the bottom of the sedimentation flask. This sedi-
ment was transferred to two glass vessels (50 cm diameter, 15 cm
high), and then some dechlorinated water (previously heated at 28°
C) was added. One hundred B. glabrata snails (10 mm diameter)
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reared under laboratory conditions were
placed into each of those glass vessels and
exposed to miracidia overnight. The
snails were then placed into appropriate
aquaria at 28° C. Thirty days later, they
were individually examined for cercariae,
in small flasks (10 ml) containing infected
water. The positive snails were maintained
isolated in an aquarium placed in
obscurity.ameter) reared under laboratory
conditions were placed into each of those
glass vessels and exposed to miracidia
overnight. The snails were then placed
into appropriate aquaria at 28° C. Thirty
days later, they were individually exam-
ined for cercariae, in small flasks (10 ml)
containing water. The positive snails were
maintained isolated in an aquarium placed
in obscurity.

Infection of mice

Albino Swiss mice without defined
breed were used. Cercariae of both strains
(LE and R1) were concentrated and counted.
Fifty cercariae per animal were subcutane-
ously inoculated. Groups of mice infected
with the standard strain LE and the strain R1
were submitted to chemotherapeutic treat-
ment, on day 50 after infection.

1) Treatment with praziquantel
(Cestox®)* - 500 gm/kg, and
oxamniquine (Mansil®)** - 250 mg/kg

Fourteen mice infected with the strain
R1 and other 14 infected with the strain
LE were treated with praziquantel. In the
same manner, 17 mice infected with the
strain R1 and other 17 infected with the
strain LE were treated with oxamniquine.
Fifteen animals in each group, infected
with the strains LE and R1 were kept as
controls.

2) Treatment with oxamniquine
(Mansild)** - 200 and 100 mg/kg.

Based on the results of the first ex-
periment, two sub-doses of oxamniquine
were chosen (200 and 100 mg/kg). Thus,
25 mice infected with the strain R1 and
other 26 infected with the same strain
were treated with 200 and 100 mg/kg, re-
spectively. Simultaneously, 17 mice in-
fected with the strain LE were treated with

*  Cestox - Lab. Merck
*# Mansil - Lab. Pfizer
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TABLE 1

Recovery of male (m) and female (f) worms in mice infected with Schistosoma mansoni (LE
strain), treated with praziquantel (500 mg/kg) and oxamniquine (250 mg/kg) on day 50 post-
infection, and perfused on day 28 after treatment.

Mice Control 250mg/Kg/oxamniquine 500mg/Kg/praziquantel
Ne m f Total m f Total m f Total
1 8 3 11 0 0 0 0 0 0
2 13 12 25 0 0 0 0 0 0
3 11 9 20 0 0 0 0 0 0
4 11 12 23 0 0 0 0 0 0
5 21 13 34 0 0 0 1 0 1
6 14 14 28 0 0 0 0 0 0
7 24 12 36 0 0 0 0 0 0
8 6 3 9 0 0 0 0 0 0
9 10 4 14 0 0 0 0 0 0
10 6 3 9 0 0 0 0 0 0
11 13 4 17 0 0 0 0 0 0
12 16 13 29 0 0 0 1 0 1
13 13 8 21 0 0 0 0 0 0
14 7 2 9 0 0 0 0 0 0
15 23 14 37 0 0 0 - - -
16 - - - 0 0 0 - - -
17 - - - 0 0 0 - -

Total 196 126 322 0 0 0 2 0 2

Mz 13.1x 8.4x 21.5 0 0 0 0.14+ 0 0.14x

SD 5.8 472 9.92 0.36 0.36
TABLE 2

Recovery of male (m) and female (f) worms in mice infected with Schistosoma mansoni (R1 strain).,
treated with praziquantel (500 mg/kg) and oxamniquine (250 mg/kg) on day 50 post-infection, and
perfused on day 28 after treatment.

Mice Control 250mg/Kg/oxamniquine 500mg/Kg/praziquantel
Ne m f Total m f  Total m f Total
1 13 6 19 0 1 1 1 0 1
2 18 9 27 0 1 1 0 0 0
3 9 6 15 0 0 0 0 0 0
4 15 12 27 1 0 1 0 0 0
5 i 3 4 i 0 i 0 0 0
6 10 4 14 0 0 0 0 0 0
7 6 0 6 1 1 2 0 2 2
8 4 3 7 4 0 4 0 0 0
9 5 4 9 0 0 0 0 0 0
10 8 5 13 1 0 1 0 0 0
11 13 7 20 2 0 2 0 1 1
12 8 9 17 2 0 2 0 0 0
13 10 10 20 0 0 0 0 1 1
14 16 8 24 1 1 1 0 0 0
15 5 2 7 1 0 1 - -
16 - - - 3 0 3 - - -
17 - - - 0 0 0 - - -
Total 141 88 229 17 4 21 1 4 5
Mz 94+ 59+ 153+ 1.0 024+ 1.21x 006+ 029+ 036+
SD 4.9 33 7.6 1.1 04 1.1 0.2 0.6 0.61




COELHO, PM.Z.; LIMA E SILVA, F.C & NOGUEIRA-MACHADO, J.A. - Resistance to oxamniquine of a Schistosoma mansoni strain isolated from patient submitted to

repeated treatments. Rev. Inst. Med. trop. S. Paulo, 39 (2): 101-106, 1997.

TABLE 3
Recovery of male (m) and female (f) worms in mice infected with
Schistosoma mansoni (LE strain), treated with 200 and 100 mg/kg
oxamniquine on day 50 post-infection, and perfused on day 30 after

The experiments that were designed to enhance the
differences between the resistance levels previously ob-
served showed a marked difference between the strains LE
and R1, when oxamniquine was used at the doses of 200
mg/kg and 100 mg/kg (Tables III and I'V)

Thus, taking into account the recovery rate in relation

to the untreated controls, the strain R1 showed a worm re-
covery rate of 18.57% against 1.06% in the strain LE, for
males and 61.14% against 20.58% in the strain LE, for fe-
males, when the dose of 200 mg/kg was employed. At the
dose of 100 mg/kg, the worm recovery rate in the strain R1
was 29.9% against 2.26% in the strain LE, for males. As
far as the recovery of female worms was concerned, at the
same dose no statistically significant difference could be
observed between the two strains studied (R1 = 79.12%
and LE = 76.36%) (Table V). On the other hand, statisti-
cally significant difference could also be detected, when
males and females were considered altogether (Table V).

DISCUSSION

Chemotherapeutic treatment against species of the ge-
nus Schistosoma has shown noteworthy advances in the
last decades. In this way, some drugs with high therapeu-

tic efficacy, low toxicity, administered by the oral route in

treatment.

Mice Control 200mg/Kg/oxamniquine  100mg/Kg/oxamniquine
N° m f  Total m f Total m f Total
1 17 1 18 0 0 0 0 1 1
2 24 5 29 0 0 0 0 5 5
3 18 3 21 0 0 0 1 4 5

4 20 2 22 0 1 1 0 11

5 43 10 53 0 1 1 0 5 5

6 38 7 45 0 0 0 0 6 6

7 29 3 32 0 1 1 0 0 0

8 22 3 25 2 1 3 0 6 6

9 20 2 22 0o o 0 2 1 3
10 1 1 11 0 1 1 0 4 4
11 27 4 31 0 4 4 0 3 3
12 12 4 16 0o 2 2 2 1 3
13 26 6 32 0 0 0 1 0 1
14 17 1 18 0 o0 0 1 1 2
15 14 5 19 1 1 2 0 8 8
16 16 4 20 12 3 2 3 5
17 23 9 32 0 0 0 0 5 5
18 9 3 12 - - - 0 1 1
19 28 8 36 - - - - - -
20 27 0 27 - - - - - -
Total 440 80 520 4 14 18 9 55 64
M= 21.0x 4.0+ 26.0% 024+ 0.82+ 1.1+ 050+ 3.0+ 3.6
SD 87 2.8 10.5 0.6 1.1 1.3 0.8 24 22

a single dose, have rendered possible the mass treatment
for the control of schistosomiasis, in various endemic
countries. On the other hand, the generalized use of these

200 mg/kg oxamniquine, whereas other 18 were treated with 100
mg/kg oxamniquine. Twenty animals infected with each strain
were maintained as controls.

Perfusion

Twenty eight or 30 days after treatment, the animals were
perfused for worms, in accordance with the technique described
by PELLEGRINO & SIQUEIRA®. The worms recovered were
counted by means of a stereomicroscope and separated by sex.

Statistical analysis
The data obtained were analysed by Kruskal-Wallis non-
parametric test'.

RESULTS

In the first experiment, oxamniquine (250 mg/kg) and
praziquantel (500 mg/kg) were administered to the animals in-
fected with the strains R1 and LE. An equivalent activity of
praziquantel could be detected for both strains, and the parasit-
ism was practically eradicated. On the other hand, a statistically
significant difference (P < 0.001) could be observed between the
efficacy levels of oxamniquine for the strains LE and R1 (all
mice infected with the strain LE were found to be cured, whereas
12 out of 17 mice infected with the strain R1 presented surviving
worms) (Tables I and II).

drugs may have been the cause of the arising resistant

strains, as a result of selective pressure. For the time be-

ing, oxamniquine and praziquantel are the most used drugs
for the treatment of schistosomiasis, at both individual and mass
treatment levels.

Oxamniquine was found to be efficient against Schistosoma
mansoni alone, whereas praziquantel has shown good efficacy
against all species of the genus Schistosoma infecting mankind. In
Brazil, where only S. mansoni exists, millions of people have been
submitted to treatment with oxamniquine in endemic areas; many
have received more than one treatment, due either to reinfection or
to treatment ineffectiveness. Thus, one may expect natural selec-
tion to play its role resulting in the forthcoming of resistant lin-
eages. Regardless of this expectation, reports on isolation of S.
mansoni strains resistant to oxamniquine are rare in Brazil. The
first authors to report isolation of resistant strains in Brazil were
Katz et al.?. They verified a slight resistance of a S. mansoni
strain (isolated from two patients previously treated with
Hycanthone and Niridazole) to oxamniquine. Later, various au-
thors! 1516 17.19.22.27 have described new S. mansoni strains resis-
tant to oxamniquine. As far as the reported strains are concerned,
only the lineage MRP-1' has shown a resistance level similar to
the strain R1, described in the present study. The percentage of
surviving males (at the dose of 200 mg/kg) was 18.57% for the
strain R1, and 44.36% for MRP-1 strain, while surviving female
rate was 61.14% for the strain R1 and 34.7% for MRP-1 strain.
This comparison shows a higher resistance of females and a lower
resistance of males in the strain R1, in relation to MRP-1 strain.
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TABLE 4
Recovery of male (m) and female (f) worms in mice infected with
Schistosoma mansoni (R1 strain), treated with 200 and 100 mg/kg
oxamniquine on day 50 post-infection, and perfused on day 30 after

treatment.

Mice Control 200mg/Kg/oxamniquine  100mg/Kg/oxamniquine
N° m f  Total m f Total m f  Total
1 37 7 44 14 10 24 14 14 28
2 289 37 3 1 4 6 8 14
3 26 16 42 S 5 10 7 5 12
4 12 2 14 4 5 9 10 5 15
5 13 5 18 3 6 9 14 8 22
6 35 10 45 9 8 17 4 2 6
7 38 11 49 5 4 9 8 8 16
8 15 4 19 1 5 6 14 10 24
9 20 7 27 9 5 14 8 6 14
10 16 7 23 1 1 2 3 4 7
11 20 6 26 10 4 14 16 8 24
12 23 6 29 4 3 7 7 7 14
13 25 5 30 1 1 2 9 6 15
14 24 5 29 7 S 12 6 6 12
15 28 8 36 2 4 6 13 4 17
16 34 11 45 10 13 23 4 3 7
17 44 7 51 3 0 3 6 4 10
18 10 1 11 4 3 7 4 3 7
19 40 5 45 2 4 6 6 4 10
20 16 8 24 1 4 5 4 4 8
21 - - - 6 1 7 4 6 10
22 - - - 1 2 3 1 1 2
23 - - - 0 0 0 1 2 3
24 - - - 4 3 7 4 4 8
25 - - - 8§ 10 18 6 3 9
26 - - - - - - 12 9 21
Total 504 140 644 117 107 224 196 144 340
M+ 252+ 7.0+ 322 + 47+ 43+ 8.6 74+ 554+ 129+
SD 10.1 34 12.1 36 32 56 42 29 67

TABLE 5§

Recovery/reduction rates of the worm burden in Schistosoma
mansoni strains (R1 and LE) after treatment with oxamniquine, at
the dosages of 100 and 200mg/kg, in relation to the worm burden
of untreated controls.

Sex 100 mg/kg oxamniguine 200 mg/kg oxamniquine

of

worms R1 strain LE strain  P* Rlstrain  LE strain P*
m 29.9% 2.26% <0.001 18.75% 1.06%  <0.001
f 79.12% 76.38% NS 61.14% 20.58% <0.05

m+f 37.71% 15.38% <0.05 24.84% 495% <0.001

m = male f = females NS = Not significant

Kruskal-Wallis test *

Recently, ARAUJO et al.? have studied 10 S. mansoni
strains isolated from patients indigenous to an endemic schisto-
some area (Itaguara, State of Bahia, Brazil), submitted to treat-
ment with oxamniquine and later with praziquantel, both drugs
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being equally unsuccessful. Tests carried out in mice failed
to detect resistance to oxamniquine in all strains studied.
This last result shows that it is not easy to find resistant
human strains.

Oxamniquine belongs to the group of
“aminoalkyltoluenes”, as well as hycanthone, and its mode
of action is related to an anticolinergic effect which increases
the parasite’s motility>* >, as well as to synthesis inhibition
of nucleic acids™*. In the S. mansoni strains resistant to
oxamniquine, the synthesis inhibition of nucleic acids after
treatment is reversible, while in susceptible strains the inhi-
bition is irreversible. The genetic mechanism linked to the
acquisition of resistance against S. mansoni is probably due
to a lack of a bioactivation process, perhaps owing to a spe-
cific enzyme that promotes the schistosomicide effect of the
drug. An additional information originated from experimen-
tal genetic data suggests that a single enzymatic step is re-
quired for drug activation against schistosome, i.e., there is
probably one single autosomal recessive gene involved in
this process'®. In this way PICA-MATTOCCIA et al®,
showed that a single gene is responsible for resistance
against hycanthone and oxamniquine. This fact explains the
findings of cross resistance related to those drugs in strains
that have been initially isolated as resistant to only one of
those two mentioned drugs CIOLI et al. showed evidence
that the related gene could be responsible for production of
specific sulphotransferase, that may be the drug activating
enzyme.

The evidence of S. mansoni strains resistant to conven-
tional drugs stimulates and justifies the search for new com-
pounds, which could alternatively be used. Thus, some
compounds belonging to the series of 9-acridanone-hydra-

zone drugs have been already tested in primates!'!- 12 29 34 35. 36
and they were found to be a promising chemical group. Some of
these compounds have shown excellent antischistosomal activity,
both against adult worms and early developing forms of the para-
site. This is the group of chemical compounds with the greatest
potential use in the near future °, but further studies on mutagenic-
ity and carcinogenicity are needed.

Finally, the present study reports the finding of a S.
mansoni strain highly resistant to oxamniquine. This resistance
is particularly high in relation to male worms. Further studies are
in progress aiming at identifying genetic markers related to this
resistance, as well as a possible connection between those labels
and the sex of the parasites.
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RESUMO

Resisténcia ao oxamniquine de uma cepa de Schistosoma
mansoni isolada de paciente submetido a repetidos tratamentos

Uma cepa de Schistosoma mansoni (R1) foi isolada de
paciente previamente submetido a quatro tratamentos com
oxamniquine e a um outro com praziquantel. Os resultados
obtidos com o teste quimioterapéutico, usando oxamniquine em
camundongos infectados com as cepas R1 e LE (padrdo)
mostraram resisténcia evidente a droga em vermes de cepa R1.
Assim, com a dose de 250 mg/kg de oxamniquine, todos os
camundongos (17) dos 17 camundongos infectados com a cepa
R1 apresentaram vermes sobreviventes. Com a dosagem de 200
mg/kg a cepa LE mostrou taxas de recuperagido de 1,06 e 20,58%
enquanto a cepa R1 apresentou 18,57 e 61,14% para os vermes
machos e fémeas, respectivamente. Com a dose de 100 mg/kg a
recuperagdo de vermes machos foi de 2,6% para a Cepa LE e
29,9% para a R1. Com a mesma dosagem, a recuperagdo de
fémeas ndo mostrou diferengas estatisticamente significantes en-
tre as duas espécies (LE = 76,38%, R1 = 79,12%). Praziquantel
mostrou atividade-esquistossomicida semelhante contra ambas
cepas estudadas quando administrado na dosagem de 500 mg/kg.
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