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NUTRITION AND ACUTE SCHISTOSOMIASIS
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In northeast Brazil, nutritional deficiency diseases and schistosomiasis mansoni overlap. An
experimental model, which reproduces the marasmatic clinical form of protein-energy malnu-
trition, was developed in this laboratory to study these interactions. Albino Swiss mice were fed
with a food association ingested usually by human populations in northeast Brazil. This diet
(Regional Basic Diet — RBD) has negative effects on the growth, food intake and protein
utilization in infected mice (acute phase of murine schistosomiasis). Nitrogen balance studies
have also shown that infection with Schistosoma mansoni has apparently no effect on protein
intestinal absorption in well nourished mice. However, the lowest absorption ratios have been
detected among RBD — fed infected animals, suggesting that superimposed schistosome infection
aggravated the nutritional status of the underourished host. The serum proteins electrophoretic
pattern, as far as albumins are concerned, is quile similar for non-infected undernourished and
infected well-fed animals. So, the significance of albumins as a biochemical indicator of the
nutritional status of human populations residing in endemic foci of Manson's schistosomiasis, is
discussable.
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Malnutrition areas and major schistoso-
miasis mansoni endemic foci overlap consid-
erably in northeast Brazil (Coutinho, 1976).
Multiple deficiencies, mainly of the calorie-
protein type, have been detected in the popu-
lation living in these areas (Coutinho et al.,
1964: Batista Filho et al., 1971; Coutinho et
al,, 1972, Coutinho, 1980). Based on food
habits of this population, a definition was
possible for the Regional Basic Diet (RBD), a
multideficient food blend with low protein
content (Kidney beans — Phaseolus vulgaris,
manioc flour ~ Manihot esculenta, salted and
dried meat — “Charque” and sweet potatoes —
Iponaea batatas) which reproduces dietary
dificiencies prevalent in the region (Coutinho,
1976, 1980; Teodésio et al., 1986). To manioc
flour and sweet potatoes have been ascribed
the amino acid imbalance and further decrease
in the protein content of the diet.

A type of malnutrition rather similar to the
marasmatic form of calorie-protein malnutn-
tion seen in humans, which is quite common
in northeast Brazil, has been induced in wean-
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ling mice (Coutinho, 1976, 1980) and rats
(Teodosio et al., 1986; Lago et al., 1988) fed
RBD. In addition to growth disturbances
(Coutinho, 1980; Lago et al., 1988) RBD in-
take results in a deficient glycemic regulation
(Teodosio et al., 1986), a reduction in the
sciatic nerve conduction velocity (Silva et al.,
1987) and an impaired propagation of spread-
ing depression in the cerebral cortex of Sprague
— Dawley rats (Guedes et al., 1987).

This experimental model reproduces the re-
lationship between undernourished host and
parasite infection as it is found among Brazil-
ian populations living in schistosomiasis en-
demic areas.

Effects of RBD on the protein nutritional
status of the host — Protein nutritional status
indicators were studied 1n weanling Swiss al-
bino mice, of both sexes, divided into infected
and non-infected subgroups.

The composition of RBD is shown in Table
I. The two control diets (Tables II and III)
contained casein at two levels: 7.82% (control
I) and 22.60% (control IT). The diets were given
in pellet form. The control diets I and II were
supplemented with mineral salts and vitamin
mixture, according to Tagle & Donoso (1965).
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TABLE I
Composition of the Regional Basic Diet (RBD)
g/100 g
Amounts in . Carbo- - ) .
Components 2/100 2 Proteins hydrates Iats Minerals Fibers
Kidney beans
(Phaseolus vulgaris) 18.34 3.96 10.66 0.24 0.57 1.09
Manioc flour
(Manihot esculenta) 64.81 0.82 48.59 0.12 043 5.64
Salted and dried meat
(Charqgue) 3.74 2.74 0.43 0.21 0.06 —
Fat from salted
and dried meat 0.35 — - 0.35 — —
Sweet potato
(Iponaea batatas) 12.76 0.30 9.99 0.03 0.20 0.48
Total 100.00 7.82 69.67 0.95 1.26 7.21
NDpCal % = 5.97
TABLE 1l
Composition of the control diet |
£/100 g
Amounts in : Carbo- . :
Components 2/100 g Proteins hydrates Fats Minerals Fibers
Casein 8.87 7.06 — — — —
Soybean oil 8.00 — — 8.00 — —
Water-soluble vitamins 1.00 — — — -~ —
Fat-soluble vitamins 1.00 — — 1.00 — -
Salts mixture 2.50 — — — 2.50 -
Cellulose 3.50 — — — — 3.50
.Corn starch 75.13 7.76 74.37 — - —
Total 100.00 7.82 74.37 9.00 2.50 3.50
Supplemented with mineral salts and vitatnin mixtures according to Tagle, M. A. & Donoso, G., 1965. J. Nutrition,
87:173-178.
TABLE 111
Composition of the control diet 11
g/100 g
Amounts in . Carbo- . ]
Components 21100 g Proteins hydrates Fats Minerals Fibers
Casein 27.80 22.09 — — - —
Soybean oil 13.00 — — 13.00 — —
Water-saluble vitamins 1.00 — — —_ -~ —
Fat-soluble vitamins 1.00 — — 1.00 — -
Salts mixture 2.50 — - — 2.50 —
Cellulose 4.00 — — — — 4.00
Corn starch 50.70 0.51 50.19 — -~ —_
Total 100.00 22.60 50.19 14.00 2.50 4.00

"Supplemented with mineral salts and vitamin mixtures according to Tagle, M. A. & Donoso, G., 1965. J. Nutrition,

87:173-178.
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Each mice was infected percutaneously with
40 cercariae of a Schistosoma mansoni strain
isolated from Sdo Lourengo da Mata (Permam-
buco State, Brazil) maintained in Biomphalaria
glabrata reared and infected in the laboratory.

The experiment lasted 63 days. The growth
curve, food consumption, protein intake and
weight gain were the parameters mvestigated.

For all the animals, the body weight was
determined weekly and the food intake recorded
daily. Subgroups of five mice per control diet
were submitted to a pair-feeding trial. So, the
daily food intake of control mice (diets 1I and
I11) was restricted to the ad libitum intake of
RBD-fed animals.

The post-weanling rapid growth period of
the mouse was observed durning the first 28
days of the trial (Phase I). Henceforth, the S.
mansoni oviposition and maturation of hepatic

and intestinal lesions were investigated (Phase
I).

RBD-fed mice showed a marked weight
loss (Fig. 1), a lower food and protein intake
(Fig. 2) and a slower body weight gain when
compared to casein-fed ammals (Fig. 3).

30 r
43

40 -

(P
B ]

w
(]

a
LF

Weight (@)
— -r N
(o] (11 Q
T 1

4]

o [ 2 3 4 -] & 7 ] °
Experimental pariode { 7 days eoch)

2 22 60 * cosemn (asn-intaciad)
& 22 60 %4 cosaun {inlected }

4 7 82% coseni{non-infectad)
A 7 B2 %.canain{infected)

G RHED (nea-fectng )

[ | RBCI_(mf“M\

Fig. 1. weight curves of infected and non-infected mice
fed RBD and Casein diets.

Biological utilization of the Regional Basic
Diet — The biological utilization of RBD was
investigated by means of the following bio-
logical assays:

Weight gain (g)

a) Food efficiency ratio:
Food intake (g)
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Fig. 2: mean protein intake of infected and non-infected
mice fed RBD and Casein diets.
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Fig. 3: weight gain of infected and non-infected mice fed
RBD and Casein diets.

b) Operacional protein efficiency ratio:

Weight pain ()
Protein intake (g)

c) Net protein ratio:

Weight gain (g) + loss of weight (g) of a free-protein fed group

Protein intake (g)

Undemourished mice when infected with
80 cercariae of S. mansoni showed, after 63
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days of infection, lower values regarding pro-
tein utilization when compared to well-fed
infected animals (Coutinho et al., unpublished
data). However, in lighter infections (40 cer-
cariae per mouse), non-significant results be-
tween infected and non-infected RBD-fed mice
could be detected (Ferreira, 1991). It i1s pos-
sible that marked metabolic derangements re-
quire a longer time to become apparent and so
could not be detected in the acute phase of
schistosomiasis in this experimental host.

Protein intestinal absorption — Tuc nitro-
gen-balance technique, known as Coefficient
of Apparent Absorption

Nitrogen absorption
x 100

Nitrogen intake

was used to study the p.cwin intestinal ab-
sorption 1n mice.

To ob:ain the Coefficient of True Absorp--

tion, a correction of the value for the fecal
metabolic nitrogen (FMN) was made as fol-
lows:

Nitrogen intake — (Fecal nitrogen — Fecal metabolic nitrogen)

x 100

Nitrogen intake

The FMN was determined in a non-protein
group and by extrapolation through linear re-
gression. According to these assays, protein
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Intestinal absorption was lower for RBD — fed
mice and was not affected 1n well — nourished,
infected animals (Table IV).

Electrophoretic pattern of serum proteins
in undernourished mice — Undemourished mice
had lower values for serum total proteins con-
centration as compared to the controls. Infec-
tion with §. mansoni (acute phase) had appar-
ently no influence on the levels of total pro-
teins, although in infected mice a slight non-
significant rise became apparent. Control ca-
sein-fed groups had higher albumins levels than
infected well-fed mice.

A stmtilar behaviour was not seen in RBD-
fed animals. These had a low total protein and
albumins levels. Alpha-1 globulins were low
in RBD-fed mice, again no difference being
detected between infected and non-infected ani-
mals.

- High levels of gamma-globulins were de-
tected in infected undernourished RBD-fed
mice, this fact probably reflecting a policlonal
activation due to immunoregulatory distur-
bances occurring in undernutrition. Infection
was responsible for the high levels of
gammaglobulins detected in infected casein fed
mice.

The serum protein electrophoretic pattern,
as far as albumins are concemed, was quite
similar for non-infected undernourished and
infected well-fed animals. So, the significance

TABLE IV

Coefficients of apparent and true absorption (biological assay and linear regression methods), in
undemourished RBD-fed and well fed control mice, infected or not with Schistosoma mansoni

Coefficient of absorption

Group No. mice

Agparent T_rue (a) True (b)

(X £ Sd) (X £ 84) (X +84)
Casein non-infected 10 87.7% 3.2 92.4% 3.6 89.4+ 2.8
Casein infected 10 85.6% 6.1 91.0% 5.3 866t 5.9
RBD non-infected 10 46.8*+12.8 549%11.4 76.9 9.9
RBD infected 10 25.8+20.9 47.0+14.3 58.8*+13.5
Total 40

RBD = Regional Basic Diet; X = arithmetic mean; Sd = standard deviation. :

iTrue (a) = Values obtained for the coefficient of true absorption when the fecal metabolic nitrogen was deter-
mined by using a non-protein fed group of mice (biological assay).

True (b) = Values obtained for the coefficient of true absorption when the correction for the fecal metabolic
nmitrogen was made after calculation of linear regression among the different levels of protein intake and the
excretion of fecal nitrogen detected for cach animal in each group of mice, with extrapolation to the point of

protein intake = zero.
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of such a protein fraction as a biochemical
indicator of the nutritional status of human
populations residing in endemic foci of
Manson’s schistosomiasis, is discussable.

On the other hand, further researches are
recommended to estimate the extent to which
improvement of the nutritional status of the
host may contribute for decreasing the effects
of schistosomiasis in mice and possibly in
human beings residing in endemic areas of
Manson’s schistosomiasis,
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