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Abstract

Introduction: Oxidative stress is one mechanism that
could contribute to the acceleration of aging and age-rela-
ted diseases. On the other hand, because of their antioxi-
dative qualities soybean derived foods could have benefi-
cial effects on the aging process. 

Objectives: The aim of our work was to study the effects
of a diet supplemented with soy milk on certain biological
features of aging in rats

Methods: Male Wistar rats of 3 to 18 months of age,
were assigned to one of two diets: 1) Experimental Group,
commercial rat formula and soy milk; 2) Control Group,
commercial rat formula and water. Every three months
both lipid profile and lipid peroxidation were determined
and neuronal cells of hippocampus were counted in con-
trol and experimental rats.

Results: The soy milk diet significantly improved the
plasmatic lipid profile, decreasing serum cholesterol
(total as well as LDL) and serum triglycerides, HDL-cho-
lesterol was significatively higher in experimental ani-
mals. The LDL/HDL ratio was thus significantly lowered.
The soy diet also produced decreased values of lipid pero-
xidation in brain, liver and kidney. These effects were sig-
nificant after 6 to 9 months. The experimental animals
lost fewer hippocampal neurons than the controls. Finally
at 18 months of age, a greater number of surviving ani-
mals in experimental group with respect to the control
one was observed.

Conclusions: 1) soy intake could have beneficial effects
as a complement of normal diet, but not as a replacement
for animal proteins and 2) these effects are the result of a
very long period (almost lifelong) of consumption of this
diet.

(Nutr Hosp. 2008;23:607-613)
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EFECTO DE LA LECHE DE SOJA COMO
COMPLEMENTO DIETARIO DURANTE EL

PROCESO DE ENVEJECIMIENTO NATURAL

Resumen

Introducción: El estrés oxidativo es uno de los mecanis-
mos que contribuye al envejecimiento y al desarrollo de
enfermedades crónicas. Por otro lado, los alimentos a
base de soja, por a sus cualidades antioxidantes podrían
tener un efecto benéfico en este proceso.

Objetivos: El propósito de nuestro trabajo fue estudiar
el efecto de la suplementación dietaria con leche de soja
sobre algunos parámetros biológicos del envejecimiento
natural, en ratas.

Material y métodos: Se trabajó con ratas Wistar macho,
desde los 3 y hasta los 18 meses de edad. Los animales fue-
ron asignadas a dos dietas: 1) grupo experimental: ali-
mento balanceado para ratas y leche de soja, ad libitum;
2) grupo control: alimento balanceado y agua ad libitum.
Cada tres meses, en ambos grupos se realizaron las
siguientes determinaciones: a) perfil lipídico plasmático;
b) lipoperoxidación (MDA) en homogenato de cerebro,
hígado y riñón, y c) recuento del número de cuerpos neu-
ronales en el hipocampo.

Resultados: La alimentación con leche de soja mejoró
notablemente el perfil lipídico: se encontró una disminu-
ción significativa de colesterol total, LDL-colesterol, trigli-
céridos y el índice LDL/HDL. Asimismo, se observó, en
hígado, cerebro y riñón, una reducción de la lipoperoxida-
ción, que alcanzó valores significativos entre los 6 y 9
meses de alimentación. Los animales alimentados con
leche de soja perdieron menos neuronas en el hipo-
campo en relación a los controles. Finalmente, se
observó un mayor número de animales sobrevivientes, a
los 18 meses de edad, en el grupo experimental con res-
pecto al control

Conclusiones: La leche de soja podría ejercer efectos
benéficos como complemento de la dieta normal, no en
reemplazo de las proteínas animales. Estos efectos se
observan después de un periodo prolongado de ingesta
(casi toda la vida).

(Nutr Hosp. 2008;23:607-613)
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Introduction

Aging is an inevitable biological process that affects
all living organisms.1 Changes due to age have been
attributed to factors such as development, genetic
defects, environment, diseases, and inborn process.2

Diverse deleterious age related cellular and tissue
changes accumulate and progressively impair func-
tions and can eventually cause death. As a result,
during adult life, all physiologic functions gradually
decline: there is a diminished capacity for cellular pro-
tein synthesis, a decline in immune function, an incre-
ase in fat mass, a loss of muscle mass and strength, and
a decrease in bone mineral density.3

Oxidative stress may contribute to aging accelera-
tion and age-related degenerative diseases.4 Free radi-
cal reactions could be involved in production of the
changes associated with the environment, disease and
the intrinsic aging process. The rapidly growing num-
ber of scientists involved in studies on the role of free
radical reactions in biological systems should assure
future significant increases in the healthy, useful, life
span of man.2

Several studies have found evidence of oxidative
damage to many macromolecules: DNA, lipids, pro-
teins, supporting the hypothesis that oxidative injury
might act as one cause of the aging process.5,6

During aging there are multiple molecular, cellular,
structural, and functional changes in the brain. Neural
cells may respond to these changes adaptively, or they
may succumb to neurodegenerativecascades that result
in disorders such as Alzheimer’s and Parkinson’s
diseases.7

Some of the longest living people on earth have
made soy beans and soy products a part of their daily
diet for centuries.8 The health benefits of soy products
are well documented throughout the world and are
currently being studied by the US Food and Drug
Administration (FDA).9,10

Soybeans contain several nutritive attributes of
high value. It has been found that the intake of soy
foods is closely related with lowered occurrences of
chronic diseases.11 There are many functional ingre-
dients contained in soy foods such as soy protein, iso-
flavones, saponins, phytic acid, phytosterol, and phe-
nolic acid. Compared to casein, soy protein has
shown a greater antioxidative ability in preventing
lipid oxidation.12 Sierens et al13 demonstrated that
antioxidant species (isoflavonoids) may act to decre-
ase oxidative damage to DNA, protein and lipids thus
reducing the risk of coronary artery disease and can-
cer. The possible mechanisms of isoflavones, studied
in animals and humans, include enhancement of bile
acid excretion, reduced cholesterol metabolism,
increased thyroid hormones, and reduced insulin to
glucagon ratios.14 In addition, the use of soy protein
supplement containing isoflavones improves cogni-
tive function, bone mineral density and plasma lipids
in healthy postmenopausal women whenstarted at the

age of 60 years or later.15 Finally, in a previous paper16

we found that the soy milk complemented diet,
improved both, unspecificic and gut mucosa immune
responses.

The aim of our work was to assess whether nutri-
tion with soymilk, as a dietary complement has
effects on the main biological features of aging. In
order to do this, we examined the plasmatic lipid pro-
file as indicative of vascular and coronary integrity;
the lipid peroxidation by reactive oxygen species
(ROS) due to oxidative stress and its relation with the
loss of hippocampal neuronal bodies in the central
nervous system. Also, the life span of experimental
animals was determined. 

Material and methods

Animals

Male Wistar rats (n = 80), three months old, supplied
by the School of Medicine Central Animal Facilities
(Universidad Nacional de Tucumán, Argentina) were
used. The animals were housed in plastic cages, in a
temperature-controlled room (21 ± 1 ºC) with a contro-
lled 12-hour light-darkness cycle (light on at 7:00
AM). Liquids and food of the two diets used (see
below) were available ad libitum. All experimental
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 Sudamericanas de la Cien-
cia de Animales de Laboratorio).

Experimental design

For 15 months (from 3 to 18 months of life) the ani-
mals were assigned to one of two diets: A) balanced
food and water (control group); B) balanced food and
soy milk (experimental group). Every 3 months, 4 rats
from each group, control and experimental, were used
for lipid profile and lipid peroxidation assay. Another 4
rats were used for central nervous system histological
studies. A further set of 28 rats (14 controls and 14 in
experimental groups) were used to determine the ave-
rage life span (These rats were used for behavioural
studies not reported here).

The commercial soy milk used in this study (AdeS,
Unilever, Argentina) is elaborated from a non- transge-
nic variety of soy. Its components are: protein: 2,6 g%;
carbohydrates: 4 g%; total fat: 1,5 g%; Essential fatty
acids: a linoleic acid: w-6, 0.81g% ; linolenic acid, w-3,
0.13 g%; fiber: 0,5 g%; minerals: Ca, 48 mg%; Fe, 0,84
mg%; P, 48 mg%; Mg, 18 mg%; Na, 80 mg%; K, 150
mg%; vitamins: A, 40 microg%; B

6 , 
0,2 mg%; B

9,
20

microg%; B
12,

0,1 microg%; C, 15 mg/%; D, 0,3
microg%; E, 0,6 mg% Isoflavones, 6,4% (daidzein: 2,4
mg% and genistein: 4 mg%).
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All animals received a commercial laboratory food
(Cargill, Buenos Aires, Argentina). This commercial
diet contains 24,6% of protein from animal and vegetal
origin.

Lipid profile and lipid peroxidation assay

Four rats from each group were anesthetized with
synergic association of Ketamine (Ketamine 50,
HOLLIDAY-SCOTT S.A.), doses of 200 mg/kg and
2% Xylacine (Xilacine 2%® Alfasan, Woerden
Holland) doses 7 mg/kg. Half of the Ketamine dose and
Xilacine dose was injected intraperitoneally while the
remaining Ketamine dose was intramuscularly injec-
ted. Peripheral blood samples were obtained from the
jugular vein for biochemical assay and then the brain,
the kidney and the liver were quickly removed in order
to determine lipid perioxidation.

The serum was separated from peripheral blood sam-
ples within one hour from extraction. Serum was assa-
yed for cholesterol (Colestat, Wiener Lab., Rosario,
Argentina) and triglycerides (TG) (TG Color, Wiener
Lab., Rosario, Argentina) by the enzymatic method. The
high density lipoprotein (HDL-C) (HDL-Colesterol,
Wiener Lab., Rosario, Argentina) and low density lipo-
protein (LDL-C) (LDL-Colesterol, Wiener Lab., Rosa-
rio, Argentina) were separated from the serum selecti-
vely precipitating them by adding the low and the high
molecular weight polymers, respectively. Also, the
LDL-C: HDL-C ratio was calculated.

Lipid peroxidation was assessed by the measure-
ment of malondialdehyde (MDA) levels on the basis
that the MDA reacts with 2-thiobarbituric acid (TBA)
according to Ohkawa et al.17 Thiobarbituric acid-reac-
tive substances (TBARS) were estimated in the brain,
liver and kidney. 

Briefly, the removed tissues were weighted and was-
hed with cold 0, 9% saline. Then they were cut into
small pieces with scissors. Approximately 1 g of each
sample was homogenized in 3,5 ml ice-cold 0,1%
trichloroacetic acid (TCA) using a Polytron PT 3000
homogenizer, followed by centrifugation at 10,000 g
for 10 min. The supernatants were used for the TBARS
measures. The top layers were mixed with TCA/TBA
solution, to be further incubated at 90 °C for 20 min.
Then, the mixtures were cooled in an ice bath. The
absorbance of MDA/TBA complex was determined at
530 nm by conventional spectrophotometry. The con-
centration of TBARS was determined using the extinc-
tion coefficient of 1.56 x 105 M-1 cm-1 and it was expres-
sed in nmoles/ml.

Counting of hippocampus neuronal bodies

Neuronal loss is a conspicuous feature of the aging
process in the central nervous system. It is accepted
that this lack of cell is responsible for the cognitive

impairment of old age. Furthermore, the hippocampus
has been repeatly postulated as the place in thenervous
system where memory fixation occurs.

Cornu ammonis 2 and 3 (CA2 and CA3) layers have
been demonstrated as necessary structures for several
learning tasks in rats. That is why we evaluated the hip-
pocampal neuronal loss in this work.

Under general anesthesia (Ketamine and Xilacine,
same doses as previous groups) four animals from each
group were perfused via the left cardiac ventricle, with
10% neutral formalin in 0,9% NaCl. The brains were
extracted and postfixed in 4% paraformaldehyde in
PBS (pH 7.4). Then, the samples were dehydrated and
embedded in paraffin at 56 °C. The hippocampus was
visually identified and cut in 10mm serial sections with
a microtome. Sections were stained with Toluidine
blue. Neuronal bodies in the CA3 and CA2 hippocam-
pus fields were counted in 100 fields (magnification
40x). The results were expressed as the mean ± SD of
stained neurons per field (40x). Glia was excluded
from the counts based on size and cytological characte-
ristics. Ten sections of each brain were used.

Statistical analysis

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

Results

The mean values of lipid profiles of both groups stu-
died are shown in table I. Serum cholesterol, TG and
VLDL concentrations were significantly (P < 0,05)
lowered. Cholesterol and triglycerids decreased 24% at
the 6th month of the diet and maintained these lowered
values until the 18th month. However the levels of
HDL-C showed a 13% increment after the ninth month
of the soy diet compared with the control group. The
levels of LDL-C were considerably decreased (p <
0.05), which is the reason why the ratio of LDL-C to
HDL-C of the experimental group was lower than the
control group (P < 0.05).

The production of thiobarbituric acid-reactive subs-
tances (TBARS) in brain, liver and kidney are shown in
figure 1 a, b and c.

Both brain and liver homogenates of the experimen-
tal group presented TBARS values that were signifi-
cantly lower (p < 0.05) than the control group. These
levels decreased approximately 55% in brain and liver
of rats fed with soy milk compared to the control group
(fig. 2 a, b). In the kidney homogenates, TBARS levels
displayed significant differences (p < 0.05) in relation
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to controls, after 12 months of feeding with soy milk
(fig. 2). 

Figure 2 shows the relation of the number of hippo-
campal neurons with age and diet. The experimental
animals lost fewer neurons than the controls (p < 0.05),
in hippocampus layers CA2 and CA3 during the expe-
rimental period.

The life span average during 18 months is expressed
as the percentage of surviving animals on each diet. A
greater number of survivors among the animals fed
with soymilk was registered with respect to the group
that did not given soy milk . These results are presented
in figure 3.

Discussion

Dietary components with antioxidant activity have
received particular attention because of their potential
role in modulating oxidative stress associated with
aging and chronic deseases.18 In this context, taking
into account the high nutritive value of soy foods and
their antioxidant actions,19,20 we studied the effect of
soy milk, as a complement to standard feeding, during
the natural aging process in Wistar rats, from 3 to 18
months old. We used a commercial soymilk because it
is a food that is within reach of practically all consu-
mers.

Our results showed a beneficial effect of the diet
complemented with soy milk on the plasma lipid pro-
file: total cholesterol, LDL-cholesterol and triglyceride
levels were significant lowered in the experimental

group while the HDL-cholesterol was increased (table
I). Of particular interest in this context is the reduced
LDL-C:HDL-C ratio obtained, a strong predictor of
cardiac events. Abnormal lipid levels contribute signi-
ficantly to the risk of coronary heart disease, major car-
diovascular disease and serious health problems. Our
results suggest that the daily consumption of soy milk
can significantly decrease serum cholesterol, LDL cho-
lesterol and triglyceride concentrations, improving the
LDL-C:HDL-C ratio.

These results could explain why soy protein con-
sumption has been shown to significantly decrease
serum concentrations of total and LDL cholesterol and
triacylglycerols.21 Many components associated with
soy protein, eg isoflavones,22 saponins23 and -conglyci-
nin (7Sglobulin) protein fractions,24 were reported to
have a lipid lowering effect. Hermansen et al25 in a
review of more than 50 recent trials that included soy
products consumption found that, besides a reduction
of the total cholesterol, the LDL-C and the triglyceri-
des, the relation LDL:HDL, was reduced by up to 27%
with an average of 20%. It is probable that this relation
itsef is more significant than the exclusive decrease of
the LDL-C from the point of view of the benefit obtai-
ned for cardiovascular health. Similarly, Liao et al26

reported that soy-based low-calorie diets significantly
decreased total serum cholesterol and low-density lipo-
protein cholesterol concentrations and had a greater
effect on reducing the body fat percentage than tradi-
tional low-calorie diets. 

Furthermore, Anderson et al27 informed that the con-
sumption of soy protein rather than animal protein sig-
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Fig. 1.—Changes in tissues of thiobarbituric acid-reactive substances (TBARS) during experimental time.
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nificantly decreased serum concentrations of total cho-
lesterol, LDL cholesterol, and triglycerides but it was
associated with a nonsignificant 2.4 percent increase in
serum concentrations of high-density lipoprotein
(HDL) cholesterol.

The question of the relation between the dietary
complementation with soy milk and the oxidative
stress during aging was assessed by the determination
of the levels of lipid peroxidation in different tissues,
expressed as thiobarbituric acid reactive substances
(TBARS; MDA). Lipid peroxidation is a complex phe-
nomenon that involves the generation of many pro-
ducts.28 Among them, MDA is one of the most signifi-
cant end products of lipid peroxidation and its content,
both in plasma and tissues, is generally accepted as an
index of lipid peroxidation rate.29

Our results showed that TBARS levels decreased
notably after the 6th month of feeding in both brain and
liver (9 month old). The same results appeared in the
kidney homogenates after the 9th month (fig. 1). 

Similar results were reported by Soulsby et al.30

They determined that the MDA levels in brain tissues
were decreased in the rats fed the soy diet and were
increased in the rats that were tail-suspended to simu-
late weightlessness,when compared to those of rats on
a regular diet. These observations imply that the soy-
protein diet has a protective antioxidant effect during
both the basaland the stressful condition.

Likewise, the liver and kidney TBARS concentra-
tions were correlated with improvement of the plasma-
tic lipid profile. Also, the diminished kidney TBARS
levels could explain, in part, the studies that have
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Fig. 2.—Number of neu-
rons in hippocampus as
function of age and diet.
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Fig. 3.—Percentage of sur-
vivor animals at 18 months
of age. Experimental group
was feeding with soy milk
supplemented diet during
15 months.
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shown that soy protein diets limit or reduce proteinuria
and kidney lesions associated with progressive kidney
failure31,32.

Furthermore, the animals, whose diet was comple-
mented with soy milk, lost less neuronal bodies than the
controls, in layers CA2 and CA3 of hippocampus (fig.
2). We considered that the antioxidant effect of the soy
milk supplement diminished the brain cellular injury,
demonstrated by the decrease in lipoperoxidation. Per-
haps, the diet supplements were able to significantly
improve free radical scavenger systems. Consistentwith
this role, recent studies have shown that Docosahexae-
noic acid [22: 6 (n-3)] (DHA) has important free radical
scavenging properties and protects against peroxidative
damage of lipids and proteins in developing and adult
brains,with attenuation of neuron loss and cognitive and
locomotordeficits in animal models of ischemia-reper-
fusion brain injury33,34 Mammals35 obtain DHA eitheras
DHA itself or the precursor α-linolenic acid [ALA, 18: 3
(n-3)], a fatty acid that the soymilk administered con-
tains (see soy milk composition).

In addition to evidence36 that DHA may influence
brain development through effects on gene expression,
monoaminergic neurotransmission, or protection
against apoptotic cell death, growth of neurite proces-
ses from the cell body is a critical step in neuronaldeve-
lopment and involves a large increase in cell membrane
surfacearea. The eventsin which DHA fulfils its essen-
tial roles, including protection from oxidative stress,
are relevant throughout the lifespan and in maximizing
cognitive potential in development and minimizing its
loss with age.37 These effects would explain the incre-
ase in life span obtained in our experiments (fig. 3).

All together, our findings could explain —at least in
part— both the action of soy proteins and isoflavones and
the coayuvant action of the essential fatty acids, vitamins
and minerals of the soy milk. It is important to note that
the effects we reported here are the results of prolonged
soy milk consumption as a dietary supplement. In others
words, the beneficial effects appears only after a period
of 3 to 9 months of chronic soy intake. Nine months is a

period equivalent to 2/3 of the rat adult life (in the very
protected conditions of an animal care facility).

Finally, the possibility that the effects we found in
rats might also occur in the human being needs more
extensive and controlled studies than the ones currently
available. Nevertheless, our results could support seve-
ral epidemiological works stressing the hypothesis that
soy based or soy supplemented nutrition could have
beneficial effects on health. 
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