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BIOCHEMISTRY OF SCHISTOSOMIASIS MANSON]
IV — EFFECTS OF OXAMNIQUINE ON THE HEPATIC LYSOSOMAL ACTIVITY

Luiz Erlon RODRIGUES, Maria de Fitima COSTA and Paulo BATISTA

SUMMARY

The typical hepatic lesion observed in schistosomiasis mansoni is an inflam-
matory process that develops around the living or dead worms or around the
eggs. This inflammatory response is linked with a greater lability of the lyso-
somal membranes. Oxamniquine, a drug extensively used in the treatment of
this disease, was tested in vitro and in vive in order to investigate its effects on
the physicochemistry of the lysosomal membranes. The in vitre results indicated
that there was a stabilizing effect on 27.1% of these particles. The in vivo expe-
riments were carried out after the intraperitoneal injection of the drug in a dose
of 7.5 mg/kg, and the animals were killed 1, 3, 6, 9 and 12 days after the treat-
ment. The results showed a labilization of 22.7% of the lysosomal membranes
after the first day, increasing to 60.1% around the third day. The labilization de-
creased to 372% on the sixth day. On the ninth day, an opposite stabilizing
effect was observed in 35.7% of the lysosomes.

INTRODUCTION

UDC 616.995.122

The lysosomes are intracellular organellae
that contain several hydrolytic enzymes (DIN-
GLES) and are directly or indirectly connected
with processes of cellular defense such as cellu-
lar endocytosis, digestion, microautophagy, ex-
cretion and detoxication.

Many investigators such as SMITH 2; HIR-
SCHHORN & WEISSMANNS; BONNER et
al.?; RICCIUTI ¥; STRAUSS 2 and RAO et al. s
have demonstrated the important role played by
lysosomes as mediators of the inflammatory
response and cellular lysis.- PANAGIDES !t has
shown that these particles contain several pro-
teins which can induce inflammation. Besides
many acute inflammatory diseases, many others
of genetic origin characterized by intracellular
accumulation of non-metabolised molecules, so-

me of which evolve with a chronic inflamma-
tory process, have been described as resulting
from one or more lysosomal enzymatic failures
(HIRSCHHORN & WEISSMANN 8),

The present most accepted explanation for
the outbreak of the inflammatory process seems
to be centered in the destruction of the lysoso-
mal membranes or other less radical physico-
chemical changes. These changes are almost
always followed by the liberation of several hy-
drolytic enzymes able to initiate the inflamma-
tory response especially at the cellular level,
being capable, depending on the degree of cel-
lular lysis, of extending it secondarily to the
tissue level.

Schistosomiasis mansoni, a parasitosis wi-
dely disseminated in our environment, is cha
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racterized by an inflammatory process which
develops around the living or dead ‘worms and/
or the eggs. According to RODRIGUES & SOA-
RES ", the lysosomes, especially those of the
liver, exhibit an increased lability of their mems-
branes directly proportional to the degree of
liver lesion caused by that parasitosis.

Oxamniquine (6-hydroximethyl-2-isopropyla-
minomethyl-7-nitro-1, 2, 3, 4tetrahydroquinoline)
is extensively employed in the treatment of
schistosomiasis mansoni, orally and parentally
(CLARKE et al.3; COUTINHO et al.4; SILVA
et al.¥; EYAKUSES$; FOSTER7; KATZ et al.%;
PEDRO et al. 2, PELLEGRINO et al. 3 and PRA-
TA et al.14). In spite of extensive clinical stu-
dies of its toxic effects in vive — it is classified
as a substance of questionable toxicity by
CLARKE et al.3; COUTINHO et al.4; KATZ et
al.%; PRATA et al.®¥; RODRIGUES et al.18 de-
monstrated that this drug caused the most va-
ried effects in vitro on the activity of several se-
ric enzymes originating for the most part in the
lysosomes.

As a result of these observations, we deci-
ded to study the in vitro and in vivo effects of
oxamniquine on isolated mice liver lysosomes
treated and not treated with this substance,

MATERIALS AND METHODS

Adult albino mice of either sex, normaly
fed, were separated inio three groups. The
control group consisted of 20 mice; the group
for in vitro experiments also contained 20 mi-
ce and the third group, for t he in vivo obser-
vations, contained 100 mice.

This last group received one intraperito-
neal injection of oxamniquine in the dose of
7.5 mg/kg, and was sacrified in lots of 20 mice
1, 3, 6, 9 and 12 days after the treatment.

The animals were killed ‘without anesthetic.
Their livers were immediately separated from
the gallbladder and cut into small pieces in a
buifered solution at pH 7.4, refrigerated at 2°C.
This solution was composed of: saccharose
25102 M, dissodic phosphate 5.10-3 M, monopo-
tassic phosphate 5.10-3 M, potassium chloride
102 M, tris (hydroximethyl) aminomethane-
TRIS 102 M and ethylenediaminetetra acetic
acid-EDTA 2.10#4 M. After two ‘washings in or-
der to take out most of the blood, the pieces
were resuspended in the proportion of one part
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of tissue to ten of the same solution. Then this
suspension was homogenized in the apparatus
of Potter-Elvejhem with 250 r.p.m. for a maxi-
mum of 2 min. in an ice-bath. The lysosomal
fraction was isolated by fractionated centrifu.
gation and refrigerated at 2°C, according to the
outline in Fig. 1.

The in vitro action of oxamniguine on the
lysosomal activity was estimated, after incu-
bation of the lysosomes of each liver, isolated
in sediment III in an ice-bath for 20 minutes,
with 225 ug of the drug. That dose was calcula-
ted from the one used in vivo, that is, 7.5
mg/kg.

For the in vivo experiments, in which the
animals had been previously treated with in-
traperitoneal injections of oxamniquine, the Iy-
sosomes isolated in sediment III ‘were simply
incubated during 20 minutes in the buffered so-
lution, in the same conditions as the controls.
After incubation, the intact lysosomes were se-
parated by new centrifugation at 32,000 g for
20 min. in sediment IV. The acid phosphatase
activity, (orthophosphoric monoesterphospho-
hydrolase 3.1.3.2), measured according to the
technique of ANDESCH & SZCYPINSKI! in
supernatant IV, reflects the physicochemical
conditions of stability of the lysosomal mem-
branes.

The total proteins of each experiment were
evaluated according with the technique of LOW-
RY et al.0,

RESULTS

The standard lysosomal activity obtained
from lysosomes isolated from livers of non-
treated animals and not submitted to the in vi-
tro action of oxamniquine, in terms of acid
phosphatase, was 11.56 == 255 mU/mg of total
proteins. In Fig. 2 can be seen the stabilizing
effect brought about in vitro by oxamniquine
on the lysosomal membranes.

The activity of the acid phosphatase in the-
se lysosomes when treated in vitre has been
8.42 = 2.42 mU/mg and this represents a pro-
tective lysosomal effect of 27.1% in relation
to the control lysosomes. Statistical analysis
of these results showed a t° = 5, which is highly
significant at the level of 1%. Figure 3 shows
the results of the in vivo experiments. In them
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Homogenized
1.500 g - 10 min.

Sediment I,

containing intact
cells, cellular Supermnatant I
débris, fibers and

nuclei, is discarded

8.000 g - 10 min.

Sediment II,

containing most of the
heavier mitochondrias

Supemmatant II

is discarded 32.000 g - 20 min.
Fig. 1
Sediment III, Supematant I11,
rich in lysosomes, discarded
phagosomes and light
mitochondrias

Resuspended to the same volume
of homogenized znd incubated
during 20 minutes in ice bath

32.000 g - 20 min.

Sediment IV,

1 Stpernatant 1V,
discarded

used for the determination
of lysosomal activity

IN VITRO PROTECTIVE EFFECT OF OXAMNIQUINE
ON LYSOSOMAL MEMBRANES

Fig. 2

Activity of acid phosphatase in

mU/mg of total proteins

II
I - Control lysosomal activity.

L1 = In vitro treated lysosomes with oxamniquine.

the lysosomes were obtained from livers of ani-
mals previously treated with oxamniquine and -— 14.18 + 442 mU/mg; after 3 days — 1851 =+

isolated after 1, 3, 6, 9 and 12 days. The lyso- 3.49 mU/mg; 6 days — 15.86 = 3.11 mU/mg;

somal activities for these samples were as fol 9 days, 744 = 1.08 mU/mg, and finally, after

lows: 1 day after the oxamniguine treatment:
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IN VIVO EFFECTS OF OXAMNIQUINE ON LYSOSOMAL MEMBRANE
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tivity of acid phosphatase in mg U/mg
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Fig, 3

I - Control lysosomal activity.

II - Lysosomal activity 1 day after treatment.

-~ 3 days, IV - 6 days, V - 9 days, VI - 12 days

after treatment im vivo with oxamniquine.

12 days — 10.72 =+ 1.16 mU/mg. Compared
with the lysosomal activity control, these va-
lues showed an increasing lability of the lyso-
somal membranes till the third day, decreasing
till the ninth day, when, conversely, a stabiliz-
ing effect corresponding to 33.15% was obser-
ved, with return to normality by the twelfth
day.

DISCUSSION

The in vitro protecting effect exerted by
oxamniquine on the lysosomal membranes in
shown in Fig. 2. It was fast, corresponding to
27.1%. This means that more than one fourth
of treated lysosomes became more stable and
resistant to the lysis normally observed in the
course of the different steps of the experimen-
tation. The quickness of the effect seems to
be linked to the direct contact of oxamniqui-
ne in solution with these cellular particles and
this makes possible the interaction between
that substance and the lysosomal membranes.

The physicochemical behavior of the mem-
branes of lysosomes isolated from the livers
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of animals treated with oxamniquine is shown
in Fig. 3. This substance worked practically
like a labilizing agent till the sixth day after
its application. The effect diminished in inten-
sity between the sixth and the ninth days.
Later on it even became stabilizing agent, los-
ing at this point its activity on these particles,
which then behaved physicochemically like the
control particles. The intraperitoneal injection
of oxamniquine labilized 22.7% of the lysoso-
mes after the first day. This effect was even
greater, ie., 60.1%, around the third day. On
the sixth day the labilization decreased to
36,2%. On the ninth day, an opposite stabilizing
effect on 35.7% of the lysosomes was observed.
The protecting effect in vivo was significantly
greater than that in vitro.

The duplicity of the effects observed in the
in vivo experiments may be explained by the
fact that oxamniquine, after having been en-
docyted by the liver cells, starts reactions that
lead to the labilization of lysosomes, particles
responsible for the cytoplasmic detoxication
brocesses. After the sixth day, it is possible
that the drug is incorporated by these particles,
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thus promoting its effect of stabilization on
their membranes in the same way as in vitro.
The detoxication of oxamniquine should justify
the return to the physicochemical normality of
the membranes.

Finally, the in vitro and in vivo stabilizing
effects caused by oxamniquine on lysosomal
membranes allow an extrapolation to its clini
cal use as one of the therapeutic agents of
schistosomiasis mansoni, because it will proba-
bly not contribute to the aggravation of those
inflammatory reactions of liver parenchyma so
characteristic of this parasitosis.

RESUMO

Bioquimica da esquistossomose mansénica. IV
— Efeitos da oxamniguine sobre a atividade
lisossomial hepitica

Uma das caracteristicas mais importantes e
que sempre acompanha a lesfo hepdtica cau-
sada pela esquistossomose mansénica, é o pro-
cesso inflamatério que se desenvolve em torno
do verme vivo ou morto, assim como do ovo
deste parasita. Este processo inflamatdério ests
intimamente ligado & uma maior labilidade das
membranas lisossomiais. A oxamniquine, dro-
ga extensivamente usada no tratamento desta
doenca, foi testada in vitro e in vivo para in-
vestigagdo de possivel efeito fisico-quimico so-
bre as memtranas dos lisossomas. Os resul-
tados in vitro, indicaram que esta droga, possui
efeito estabilizador sobre 27,1% destas parti-
culas intracelulares. As observacfes in vive, fo-
ram levadas a efeito, apds a injecdo intraperi-
tonial da droga, na dose de 7,5 mg/kg de peso,
em camundongos. Xstes animais, assim tra-
tados, foram utilizados, 1, 3, 6, 9 e 12 dias apds
o tratamento. Os resultados, mostraram uma
labilizacdo de 22,7% das membranas lisosso-
miais, apés o primeiro dia, aumentando para
60,1% em torno do terceiro dia. No sexto dia
o tratamento, o efeito labilizador decresceu pa-
ra 37,2%. J4 no nono dia ,observou-se o oposto,
um efeito estabilizador na ordem de 35,7% dos
lisossomas. Apds o décimo segundo dia, estas
organelas voltaram & normalidade fisico-qui-
mica de suas membranas.
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