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Abstract

Experimental malnutrition models have been useful
to study the effects of malnutrition at early ages. Subs-
tantial evidence exists that malnutrition in critical stages
of development could result in chromosomal damages.
The effect of nutritional rehabilitation with soymilk as a
complement of a restricted diet, on plasma and muscle
proteins, chromosomal integrity, and unspecific and mu-
cosa immune responses, was studied. 

Adult male and female Wistar rats (5 weeks old) were
assigned to different nutritional conditions: a) 14 days
on protein restricted diet (corn flour and water), follo-
wed by 14 days in which water was replaced by soymilk,
as nutritional rehabilitation; b) the same conditions abo-
ve but periods of 28 days of a protein restricted diet, and
28 days of nutritional rehabilitation and c) age-matched
malnourished (protein restricted diet without nutritional
rehabilitation) and normally nourished controls. 

After both nutritional rehabilitation periods, the
weights reached were significantly higher (p < 0.001)
than the malnourished control values, but lower than
the normal control ones. Plasma protein concentra-
tions were similar in all groups. Muscle proteins that
were diminished during the restricted diet, reached
normal control values after both rehabilitation pe-
riods. The protein restricted diet, produced numeric
and structural chromosomal abnormalities. Nutritio-
nal rehabilitation was only partially able to revert the-
se abnormalities. The phagocytic activity and gut mu-
cosa IgA-secreting cells were significantly reduced 
(p < 0.001) during the restricted diet; both nutritional
rehabilitation periods induced a significant increase of
both, phagocytic activity and IgA secreting cells. These
values were similar to controls.
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RECUPERACIÓN DE LA MALNUTRICIÓN
EXPERIMENTAL CON LECHE DE SOJA:

ASPECTOS INMUNOLÓGICOS Y GENÉTICOS

Resumen

Los modelos de malnutrición experimental han sido
útiles para estudiar los efectos de la misma en edades
tempranas. Hay evidencia sustancial de que la malnutri-
ción en etapas críticas del desarrollo podría producir da-
ños cromosómicos. Se estudió el efecto de la rehabilita-
ción nutricional con leche de soja como complemento de
una dieta restringida sobre las proteínas plasmáticas y
musculares, la integridad cromosómica y las respuestas
inmunitarias inespecíficas de las mucosas.

Se asignaron ratas Wistar adultas macho y hembra (5
semanas de edad) a distintas condiciones nutritivas: a)
14 días con una dieta de restricción de proteínas (harina
de maíz y agua), seguida de 14 días en los que se reem-
plazó el agua por leche de soja, como rehabilitación nu-
tricional; b) las mismas condiciones anteriores pero con
períodos de 28 días de dieta con restricción de proteínas
y 28 días de rehabilitación nutricional; c) controles des-
nutridos (dieta de restricción proteica sin rehabilitación
nutricional) y adecuadamente nutridos, emparejados
por edad.

Tras ambos períodos de rehabilitación, los pesos al-
canzados fueron significativamente superiores (p <
0,001) que las cifras en los controles desnutridos, pero
inferiores a las de los controles normales. La concentra-
ción plasmática de proteínas fue similar en todos los gru-
pos. Las proteínas plasmáticas, que estaban disminuidas
durante la restricción dietética, alcanzaron los valores de
los controles normales tras ambos períodos de rehabili-
tación. La dieta con restricción proteíca produjo anoma-
lías en el número y estructura de los cromosomas. La re-
habilitación nutricional sólo pudo revertir parcialmente
estas anomalías. La actividad fagocítica de las células in-
testinales productoras de IgA estaba significativamente
disminuida (p < 0,001) durante la dieta restringida; am-
bos períodos de rehabilitación nutricional produjeron
aumentos significativos de ambos parámetros. Estos va-
lores eran similares a los controles.

Nuestros resultados muestran que la complementa-
ción con leche de soja de una dieta restringida en proteí-
nas mejoró el contenido tisular de proteínas así como las
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Background

Protein-energy malnutrition in children has been re-
cognized as the most widespread nutritional problem
around the world1. This disorder produces biochemi-
cal alterations leading to poor growth. The growth re-
tardation varies in accordance with the severity and
duration of the nutritional deficiency2.

Experimental malnutrition models have been useful
to study the effects of malnutrition at early ages. Subs-
tantial evidence exists that malnutrition in critical sta-
ges of development could result in chromosomal da-
mages3. Effects of starvation and marginal malnutrition
on rat lymphocytes have been evaluated by chromoso-
mal analysis before and after rehabilitation; reported
results indicated that young animals exposed to condi-
tions like starvation or chronic malnutrition are prone
to permanent damage of the genetic system4. Cortés et
al5 reported that malnutrition during lactation in rea-
ring rats is associated with significantly increased
DNA damage in spleen, peripheral blood, and bone
marrow cells, as well as in isolated lymphocytes or
lymphoid cells from the same tissues. This damage
could be due to the deficiency of several essential nu-
trients required for protein synthesis that are associated
with DNA integrity, impaired DNA repair mecha-
nisms, and/or to the unavailability of molecules neces-
sary to protect cells against DNA oxidative damage. 

On the other hand, the increased level of DNA da-
mage in peripheral blood lymphocytes and leukocytes
could be related to negative effects, such as a deficient
immune response, resulting in severe consequences,
like relapse of previous infectious diseases or emer-
gence of new ones. In fact, malnutrition results in re-
duced a number and functions of T-cells, phagocytic
cells, and secretory immunoglobulin A antibody res-
ponse. In addition, levels of many complement com-
ponents are reduced6.

Protein malnutrition often coexists with deficien-
cies of specific micronutrients, such as zinc7, iron8, vi-
tamin A9, folate10, and others, suggesting that the im-
mune-depressing effects of protein deficiency may be
the result of these associated micronutrient deficien-
cies.

An ideal food for the prevention and management
of malnutrition should be of high nutritive value. Ta-
king into account its nutritional profile11 and health ef-

fects12, soy could be considered as an ideal food for
the prevention and management of malnutrition. In
this line, we performed this study in order to determi-
ne the effect of the nutritional rehabilitation with soy-
milk, as a complement of a restricted diet, for as long
as the malnutrition had lasted, on plasma and muscle
protein levels, chromosomal abnormalities, and the
unspecific and mucosa immune responses.

Material and methods

Animals

Male and female Wistar rats, supplied by the Scho-
ol of Medicine Central Animal Facilities (Universidad
Nacional de Tucumán, Argentina), were used. Ani-
mals aged 5 weeks and weighing 85 + 5 g each, were
housed in plastic cages, in a temperature-controlled
room (21 + 1 ºC) with a controlled 12-hour light-dark-
ness cycle (light on at 7:00 AM). Liquids and food of
the different diets were available ad libitum. All expe-
rimental procedures were done in accordance with
the relevant directives of the European Union
(86/609/EEC) and the rules and recommendations of
the FESSCAL (Federación de Sociedades Sudameri-
canas de la Ciencia de Animales de Laboratorio). 

Experimental Design

Animals were subject to a protein-restricted diet
(corn flour and water), for two different periods of ti-
me, after which water was replaced by soymilk
(AdeS, Unilever, Argentina) for nutritional rehabilita-
tion. The first group (d28) received a 14 day period of
nutritional rehabilitation after a similar time (14 days)
of a protein-restricted diet. For the second group (d56)
the periods of malnutrition and nutritional rehabilita-
tion lasted 28 days each. Normally nourished and mal-
nourished (without nutritional rehabilitation) age mat-
ched animals were used as controls (fig. 1).

On the 14th, 28th and 56th day, 6 rats from each con-
trol and experimental group were weighted and then
anesthetized with ethylic ether and a sample of perip-
heral blood was taken. After that, the animals were ki-
lled by overexposure to ether. Then, the other samples
such as peritoneal cells, quadriceps muscles and small
intestine were taken (fig. 1).

Our results show that the supplementation of a pro-
tein-restricted diet with soymilk improved tissue pro-
tein content, as well as unspecific and gut mucosa im-
mune responses, even though it was not able to
reinstate fully normal body weight and a normal chro-
mosome karyotype.

(Nutr Hosp. 2007;22:244-51)
Key words: Malnourish. Soymilk. Chromosome abnorma-

lities. Mucosa immunity. IgA.

respuestas inmunitarias inespecíficas y de la mucosa in-
testinal, aunque no fue capaz de restablecer por comple-
to a la normalidad el peso corporal y el cariotipo cromo-
sómico.

(Nutr Hosp. 2007;22:244-51)

Palabras clave: Desnutrido. Leche de soja. Anomalías cro-
mosómicas. Inmunidad de la mucosa. IgA.



The commercial soymilk used in this study (AdeS,
Unilever, Argentina) is elaborated from a non-trans-
genic variety of soy. Its components are: protein: 2.6
g%; carbohydrates: 4 g%; fat: 1.5 g%, fiber: 0.5 g%;
minerals: Ca, 11 mg% ; Fe 0.5 mg%; P, 40 mg%, Mg,
16 mg%; Na, 80 mg%; K, 150 mg%; vitamins: A, 60
mg/% ; B

6
, 0.2 mg%; B

9
, 20 mg%; B

12
, 0.1 mg%; D,

0.5 mg%, Isoflavones, 6.4 mg/% (daidzein: 2.4 mg%
and genistein: 4 mg%). 

Normally nourished rats received a commercial la-
boratory food (Cargill, Buenos Aires, Argentina).
This commercial diet contains 24.6% of proteins from
animal and vegetal origin. 

Plasma and Muscle Protein concentration

Plasma protein concentration was determined by
the Biuret method13 (Proti-2, Wiener Lab, Rosario, Ar-
gentina) using a control serum (Proti-2 Suero Patrón,
Wiener Lab, Rosario, Argentina) as a standard.

In order to determine muscle protein, right hind
limbs were removed and skinned. Quadriceps muscles
were rapidly dissected, rinsed with saline solution to
eliminate blood remnants, dried with tissue paper, and
weigh. Tissues were homogenized in phosphate buffer
pH 7 (w/v = 1/5). Then, 0.1 ml of Triton X-100 was ad-
ded and mixed for 5 minutes. Finally, the homogenate
was centrifuged at 20,000 rpm for 30 minutes. Proteins
were determined in the supernatants by the Biuret met-
hod (Proti-2, Wiener Lab, Rosario, Argentina).

Results for both plasma and muscle protein concen-
trations are expressed in g%.

Cytogenetic analysis

In order to perform cytogenetic analysis, peripheral
blood samples to which 1%, Sodium Heparin, 5,000
UI/ml (PL. Rivero y cia. SA, Industria Argentina) we-
re obtained from the jugular vein and was added at the
periods described above. Thirty drops of heparinized
whole blood were added to each of two 15-ml poly-
propylene centrifuge tubes (Cellstar™, Greiner bio-
one, Germany) with 5 ml of RPMI 1640 culture me-
dium (Gibco BRL, Grand Island, NY, USA) each,
supplemented with 10% fetal calf serum (Gibco BRL,
Grand Island, NY, USA), 2% glutamine (Gibco BRL,
Grand Island, NY, USA), 1% phytohemagglutinin M-

form (PHA-M) (Gibco BRL, Grand Island, NY, USA)
and 0.1% gentamycin (Shering-Plough SA, Key Phar-
ma S.A. Argentina) using a 21-gauge needle (Terumo,
Japan). Cultures were incubated at 37 ºC for 72 h. At
harvest time, to each culture 2 drops of Colcemid
(Gibco BRL, Grand Island, NY, USA), were added,
using a 25-gauge needle (Terumo, Japan), incubated
for 30 more minutes at 37 ºC, and centrifuged for 8
minutes at 1,000 rpm. Then, the supernatant was re-
moved, 4 ml of 0.075 M KCl were added to each pe-
llet while kept in a 37ºC water bath, and resuspension
performed. Immediately, cell suspensions were centri-
fuged for 8 min at 1,000 rpm, supernatants were remo-
ved, pellets were resuspended into 4 ml of fresh 0.075
M, KCl each, 5 drops of 3:1 methanol-acetic acid mix
added in order to begin fixating the cells, centrifuged
immediately for 8 min at 1,000 rpm, and resuspended
into fresh 3:1 methanol-acetic acid mix. Pelleting and
resuspension were repeated two more times. For ma-
king slides, 3-6 drops of cell suspension were poured
along the upper long edge of a cold, wet slide, held in
parallel to the lab counter with its surface at a 45º an-
gle; the back and the bottom of the slide were dried
immediately with tissue paper. Phase contrast micros-
copy (CH Olympus, Japan) was used to make sure
that chromosomes were well spread and metaphases
devoid of cytoplasm; if not, drying time were adjusted
accordingly. Slides were placed in the oven at 95 ºC
for 20 min for aging. Aged slides were immersed in
10% trypsin solution in 0.9% NaCl (Gibco BRL,
Grand Island, NY, USA), for 50 seconds, and then in
two baths of 0.9% NaCl solution; immediately, each
slide was stained for 2 minutes with a fresh mix of
pHydrion buffer (Micro Essential Laboratory Inc.
U.S.A.) (3 ml) and 0.25% Wright’s stain (1 ml), (Sig-
ma Chemical Co., St. Louis, MO, USA). 

In order to determine the mitotic index, the total
number of metaphases was counted in 100 nuclei and
expressed as percentage.

The chromosomal abnormalities were analyzed in
50 G- banded metaphases per animal. Then, they were
photographed, and their chromosomes counted on
black and white prints. 3-5 of these metaphases were
selected and karyotyped. Karyotypes were carried out
according to nomenclature rules for rat G-banded 
chromosomes14.

Phagocytosis Test

The non-specific immune response was performed
by an ex vivo phagocytosis test using peritoneal ma-
crophages according to Perdigón et al., 198615. Perito-
neal cells from rats of different groups and feeding pe-
riods were recovered. Macrophages were suspended at
a concentration of 106 cells/ml in 5 ml of RPMI-1640
medium (Gibco BRL, Grand Island, NY, USA) sup-
plemented with 0.3% (v/v) sodium heparin (PL. Rive-
ro y cia. S.A., Industria Argentina). Then, 0.2 ml of
Candida albicans suspension at a concentration of 5 x
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Fig. 1.—Experimental design.



106 microorganisms/ml opsonized with rat autologous
serum was added to 0.2 ml of each macrophage suspen-
sion and incubated for 15 min at 37 ºC. The reaction
was stopped by icing. Immediately, smears were made,
air dried, and stained with Giemsa (Biopack, Sistemas
Analíticos SA, Buenos Aires, Argentina). The pha-
gocytosis rate was measured by counting 100 cells
from each of three smears per animal. The results were
expressed as the mean + SD of the percentage of ma-
crophages that had one or more yeast cells phagocyted.

Counting of IgA Secreting Cells by
Immunofluorescence

As indicated above, samples from the small intesti-
ne were removed. The intestinal fluids were washed
out with 0.01 M phosphate buffered saline solution,
pH = 7.2. Tissues were placed in cold ethanol (96º) for
processes with the Saint-Marie’s technique16. Once fi-
xed, dehydrated and embedded in paraffin at 56 ºC,
they were cut in 4 mm serial sections, and used to per-
form the immunofluorescence test in order to determi-
ne the number of IgA producing cells. 

Histological samples from the small intestine were
incubated with 0.2 ml of goat anti-rat IgA (a chain
specific, Bethyl Inc., Montgomery, Texas, USA) at
1/20 dilution for 30 min, in a wet chamber at room
temperature. Then, they were washed three times with
0.01 M phosphate buffered saline, pH = 7.2. A 1/100
dilution of the second antibody, fluorescein-conjuga-
ted rabbit F(AB’)2 fragment to goat IgG, whole mole-
cule (Cappel, ICN Pharmaceuticals Inc., Costa Mesa,
California, USA), was added and incubated for 30 min
at room temperature. Afterward, the slides were rinsed
again three times with the same buffer, air-dried, and
mounted with 1:9 glycerol-buffer, pH 9. 

Three histological sections from each animal and
for each period were analyzed. The number of IgA-
positive cells within villi lamina propria was determi-
ned in 30 fields (magnification 40x). The results were
expressed as the mean + SD of positive cells in the la-
mina propria per 10 villi.

Statistical Analysis

All statistical calculation was carried out with Sigma
Stat software package (Jandel Scientific, San Raphael,
California, USA).Differences between diet groups we-
re analyzed by one way analysis of variance (ANO-
VA), and Dunnet’s test was used as a post-hoc test.
Differences were considered significant if p < 0.05.

Results

Effect of Soymilk rehabilitation on body weight
records

Figure 2 shows weight evolution during the
experiment periods across different diet groups. At

the beginning of the study, the mean body weight was
85 ± 5 g. A normally nourished animal regularly in-
creased in body weight while malnourished does not.
Weights reached, after both periods of nutritional re-
habilitation were significantly superior (p < 0.001) to
the malnourished control values, but significantly di-
minished when compared to age-matched normal con-
trol ones (d28: p < 0.01, d56: p < 0.001).

Effect of Soymilk rehabilitation on Plasma and
Muscle Protein

Plasma Protein concentration did not show signifi-
cant differences between experimental and control
groups at any data point (table I). However, muscle
proteins tested were significantly decreased during the
restricted diet (p < 0.01) in relation to the normal
group. After both rehabilitation periods, muscle pro-
tein levels were similar to those showed by normal
control groups. These results are detailed in figure 3.

Effect of Soymilk rehabilitation on the mitotic index
and on induced chromosomes abnormalities

During the restricted diet, the mitotic index was sig-
nificantly lower in malnourished rats when compared
with age-matched normal controls (p < 0.005). Nutri-
tional rehabilitation with soymilk was able to restore
normal values when malnutrition had lasted 14 days

Recovery from experimental malnutrition
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Fig. 2.—Effects of diets on body weights. *= p < 0.001. 
**= p < 0.01.

Table I
Plasma protein concentrations (g%) during different diets

Normal Malnourished
Days control control D28 D56

14 4.9 ± 0.8 4.5 ± 0.6 4.5 ± 0.6
28 5.2 ± 0.6 4.0 ± 0.6 5.2 ± 0.4 4.0 ± 0.6
56 5.0 ± 0.4 4.4 ± 0.5 5.1 ± 0.7

Malnutrition did not significantly affect the plasma protein.



(d28), but not when it lasted 28 days (d56): in this ca-
se, the mitotic index of nutritionally rehabilitated ani-
mals was only 80-85% of that showed by normal con-
trol (table II). 

After 14 days of the restricted diet, numeric chro-
mosomes abnormalities consisting of hypodiploid me-
taphases with 38-39 chromosomes, nullisomies (chro-
mosome pair 20 lost) and monosomies (e.g.: one
chromosome lost from pair 17, 14, and 11). Other nu-
meric abnormalities like trisomies (e.g. pair 17) were
also observed (fig. 4).

After 28 days of protein malnutrition, besides the
numerical abnormalities, we observed structural ano-
malies like robertsonian translocations [T(8;8)]. Uni-
dentified marker chromosomes were also observed
in 80% of the metaphases analyzed (fig. 5). A robert-
sonian translocation is originated by a centric fusion
of the long arms, of the acrocentric chromosomes,
usually with simultaneous loss of both short arms15.
A marker chromosome (mar) is a structurally abnor-
mal chromosome in which no part can be identified
by routine banding. In the description of karyotypes
the presence of a mar must be preceded by a plus
sign (+). When several different markers are clonally
present, they may be indicated by an Arabic number
after the symbol mar, e.g. mar 1, mar 2, etc. It must
be stressed that this does not mean derivation of the

marker from chromosome 1, chromosome 2, and so
on17.

After 14 days rehabilitation with soymilk, a normal
karyotype (42, XX or 42, XY) (fig. 6) was observed in
54% of the analyzed metaphases; however, animals
that had to undergo rehabilitation for 28 d displayed
only 16% chromosomally normal metaphases.

Effect of Soymilk on the Phagocytic Activity 

Figure 7 shows the phagocytic activity of rat perito-
neal macrophages in the different experimental
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Fig. 3.—Effects of diets on muscle proteins. * p < 0.01.

Fig. 4.—Numeric and structural chromosome abnormalities in-
duced by a 14 day protein restricted-diet Karyotype of trypsin-
Wright- banded metaphase cells, from a malnourished rat:
39,XX, +7,-11,-14, -17,-20,-20,+ mar. This figure shows a kar-
yotype with one additional 7 chromosome (trisomy), with loss of
the 11, 14 and 17 chromosomes (monosomies), with loss of both
20 chromosomes (nullisomy) and one additional marker chro-
mosome (mar+).

Fig. 5.—Numeric and structural chromosome abnormalities in-
duced by a 28 day protein restricted-diet. Karyotype of trypsin-
Wright- banded metaphase cells: 38,XY, tRB(8;8)1F,-10, -11,-
14,-17,-20,-20,+mar1, +mar2, +mar3. This figure shows a
karyotype with a robertsonian translocation tRB(8;8)1F, with
loss of the 10, 11, 14, and 17 chromosomes (monosomies), with
loss of both 20 chromosomes (nullisomy) and three different ad-
ditional marker chromosomes (+mar1, +mar2, +mar3).

Table II
Mitotic Index (%)

Normal Malnourished
Days control control D28 D56

14 7.3 ± 2 3.0 ± 1* 3.0 ± 1
28 7.0 ± 2 1.5 ± 2* 6.8 ± 1 1.5 ± 2 
56 7.2 ± 1 1.5 ± 1* 5.8 ± 1 

Malnutrition significantly decreased the mitotic index. Nutritional
rehabilitation with soymilk fully reverted this effect at D28 but only
partially at D56. *=p<0.01



groups. It can be seen that phagocytosis was signifi-
cantly reduced (p < 0.001) in the restricted diet groups
compared with the normal control. After both periods
of soy milk rehabilitation, phagocytosis percentages
incremented to values similar to those displayed by
age-matched normal controls. 

Effect of a Soymilk complement on the Number of
IgA-secreting Cells 

This assay was performed in order to determine the
effect of the rehabilitation with soymilk as a comple-
ment of the restricted diet on the gut mucosa immunity.

In this case, results were similar to the phagocytic
assays, i.e. numbers of IgA-positive cells were signifi-
cantly reduced (p < 0.001) among malnourished ani-
mals when compared to normal control ones. The soy-
milk administered during both rehabilitation periods
produced a remarkable increment in the number of
IgA-producing cells in the lamina propria of villi of
intestinal mucosa, reaching values similar to the nor-
mal ones (fig. 8).

Discussion

Malnutrition is multifactorial; however, the imme-
diate cause of this condition is inadequate intake and
poor utilization of nutrients due to inadequate food
supply or poor quality foods18. There is considerable
evidence that malnutrition has effects on physical
growth, morbidity, mortality, cognitive development,
reproduction, physical work capacity and risks for se-
veral adult onset chronic diseases19,20.

Soymilk, as well as a combination of soybeans with
maize, has been found to be valuable in the manage-
ment of malnutrition21.

In our study we used a rat model of chronic malnu-
trition, in which corn flour was the only solid food in-
take. This diet initially produced some weight loss,
but its most remarkable effect in this regard was the
absolute failure to gain weight (fig. 2). This result is
similar to that reported by Qureshi et al22. Rehabilita-
tion of malnourished animals by complementing the
restricted diet with soymilk, allowed a significant but
incomplete weight recovery (fig. 2).

Moreover, malnutrition produced a significant de-
crease of muscle but not plasma protein (fig 3 and ta-
ble I). Similar findings have been reported in other
studies that showed that there was a marked reduction
in the rate of muscle proteins synthesis in rats fed a
low protein diet23, and of proteins in muscle and other
organs and tissues in rats fed a protein-free diet24. It
was postulated that chronic protein deficiency leads to
an overall reduction of protein synthesis that does not
include certain plasma proteins. In others words, the
protein metabolic response to the nutritional stress
could be a redistribution of amino acids from the pe-
ripheral tissues to the liver for the synthesis of proteins
that have a rapid turn over and are critical for survi-
val25.

The nutritional quality of a protein food depends on
content, digestion, absorption, and utilization of ami-
no acids. Availability of amino acids varies with pro-
tein source, food processing treatment, and interaction
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Fig. 6.—Karyotype of nutritionally rehabilitated rat. This figure
shows a normal karyotype after 14 days of rehabilitation with
soymilk complement (42, XX or 42, XY). 

Fig. 7.—Effect of the rehabilitation with soymilk on phagocytic
activity. * (p<0.001). 

Fig. 8.—Effect of the rehabilitation with soymilk on the gut mu-
cosa immunity.
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with other components of the diet. Thus in the case of
the diets used in our experiments it is important to no-
te that corn proteins are of poor quality because of
their low tryptophan and lysine content26. On the other
hand, there are data showing that well-processed soy-
protein isolates and soy-protein concentrates can serve
as the major, or even sole, source of protein intake and
that their protein value is essentially equivalent to that
of food proteins of animal origin27. The soy milk we
used (ADES) had all the essential amino acids. In this
way it could be explained how nutritional rehabilita-
tion with soy milk as a complement of corn flour, in-
duced a tissue protein recovery to almost normal va-
lues (fig. 3). 

Some authors3,28 have reported that malnutrition
provokes chromosome anomalies, while others postu-
late the opposite29,30. In the present work, we detected
abnormalities of the cell chromosome number after
two weeks of malnutrition (fig. 4). Our data show that
the longer period of the protein restricted diet, the mo-
re affected is the integrity of the chromosomes (fig. 5).
Once chromosomal damage has occurred, nutritional
rehabilitation with soymilk consistently has a limited
effect in reverting it (fig. 6). This limitation is more
noticeable when the length of the malnutrition period
increases in spite of the fact that the rehabilitation pe-
riod also increased. In this regard, our results agree
with Alu and Murthy3. The lack of chromosomal ab-
normalities reported by others24,25 may be due to diffe-
rences in the restricted diet and the techniques used
for detecting them.

We have also observed that the restricted diet pro-
vokes a significant decrease in the lymphocyte mitotic
index, which was reverted to a considerable degree
when we complemented the restricted diet with soy-
milk (table II). This agrees with papers using other
cell systems in experimental animals31,32. We think that
this effect could be due mainly to the deficiency of es-
sential amino acids and micronutrients that are neces-
sary for the protein synthesis of mitotic spindles.

It is a well known fact that protein malnutrition in-
duces a decrease in phagocytic activity of peritoneal
macrophages33. Our results corroborate that the pha-
gocytic function of macrophages is susceptible to pro-
tein malnutrition (fig. 7). It has been suggested that
functional alterations of macrophages may be associa-
ted with micronutrient deficiencies, since protein res-
triction often coexists with them6,7.

IgA-secreting cells play an important role in the lo-
cal immunological defense against pathogens and da-
mage resulting from absorption of foreign antigens34.
Also, dietary protein, minerals and vitamins are im-
portant in the mucosal IgA response of the small intes-
tine5. Results reported here confirm this, since a signi-
ficative decrease of IgA producing cells in the gut
lamina propria was observed during the experimental
malnutrition (fig. 8). 

Early nutritional rehabilitation is needed to improve
survival of malnourished individuals and to support

immune responses8. Our results show that the rehabili-
tation with soymilk-complemented corn flour increa-
sed notably not only the peritoneal macrophage acti-
vity, but the mucosal immune function as well by
stimulating the IgA-secreting cells (fig. 7 and 8). The-
se data would suggest that high quality soy protein10

and/or micronutrients present in the soymilk adminis-
tered like A, B

12
, B

6
, B

9
vitamins and iron, may enhan-

ce or preserve immune function. The latter is sup-
ported by reports that the use of micronutrient
supplements, singly or in combination, stimulates im-
mune response and thus influences the susceptibility
of a host to infectious diseases35.

The mechanisms by which the soymilk complement
may exert immunomodulator effects have to be inves-
tigated. We hypothesize that the nutritive components
of the soymilk could induce, within the lamina pro-
pria, T cells to produce Th

2
IgA stimulating cytokines,

which could modulate IgA production by B cells.
On the other hand, soy oligosaccharides (raffinose

and stachyose) could have a prebiotic effect. Prebiotics
are indigestible food ingredients that can beneficially
affect the host by selectively stimulating the growth
and/or activity of certain endogenous microbial popu-
lation groups such as bifidobacteria and lactobacilli36.
It has been reported that bifidobacteria enhances im-
mune responses by increasing antibody production and
proliferation of B cells in Peyer’s patches37.

In our experimental model, the supplementation of
a restricted diet with soymilk, for a period of time
identical to that of the previous malnutrition, normali-
zes tissue protein concentration, and appears to do the
same with unspecific and gut mucosa immune respon-
ses; however the diet does not permit the recovery of
fully normal body weight and the elimination of chro-
mosomal abnormalities. We consider that a longer re-
habilitation time would be necessary for complete re-
covery.
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