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In the present study we determined the effect of chronic diet supplementation with n-3 PUFA on renal function of healthy and cachectic
subjects by providing fish oil (1 g/kg body weight) to female rats
throughout pregnancy and lactation and then to their offspring postweaning and examined its effect on renal function parameters during
their adulthood. The animals were divided into four groups of 5-10
rats in each group: control, control supplemented with fish oil (P),
cachectic Walker 256 tumor-bearing (W), and W supplemented with
fish oil (WP). Food intake was significantly lower in the W group
compared to control (12.66 ± 4.24 vs 25.30 ± 1.07 g/day). Treatment
with fish oil significantly reversed this reduction (22.70 ± 2.94 g/day).
Tumor growth rate was markedly reduced in the P group (16.41 ± 2.09
for WP vs 24.06 ± 2.64 g for W). WP group showed a significant
increase in mean glomerular filtration rate compared to P and control
(1.520 ± 0.214 ml min-1 kg body weight-1; P < 0.05). Tumor-bearing
groups had low urine osmolality compared to control rats. The fractional sodium excretion decreased in the W group compared to control
(0.43 ± 0.16 vs 2.99 ± 0.87%; P < 0.05), and partially recovered in the
WP group (0.90 ± 0.20%). In summary, the chronic supplementation
with fish oil used in this study increased the amount of fat in the diet
by only 0.1%, but caused remarkable changes in tumor growth rate and
cachexia, also showing a renoprotective function.

Introduction
After ingestion, linoleic and alpha linolenic acids are desaturated and elongated to
produce the n-3 and n-6 polyunsaturated fatty
acid (PUFA) families, respectively. The principal members of the n-3 PUFA family are
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), whereas arachidonic
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acid (AA) is the main product of the n-6
PUFA family (1). Three enzymatic pathways
of AA metabolism are present in the kidney:
the cyclooxygenase pathway leading to the
formation of prostaglandins and thromboxanes, the lipoxygenase pathway leading to
the formation of eicosatetraenoic acids and
leukotrienes, and cytochrome P-450-mediated oxygenation leading to the formation of
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epoxyeicosatrienoic acids, eicosatetraenoic
acids and monooxygenated AA derivatives
(2). The cyclooxygenase enzyme system is
the major pathway for AA in the kidney and
these products modulate the action of the
other hormones or autacoids, in particular
their physiologic actions on renal vascular
tone, mesangial and glomerular functions
and the handling of salt and water (2). Inhibition of cyclooxygenase activity in the absence of exogenous administration or endogenous release of hormones such as angiotensin II or arginine-vasopressin has little
effect on renal functional parameters (3,4).
However, the products of cyclooxygenase
metabolism have been implicated in the mediation of renal function changes observed
in several disorders: glomerular injury (IgA
nephropathy, lupus nephritis, etc.), various
forms of acute and chronic renal failure,
allograft rejection, cyclosporine nephrotoxicity, hepatorenal syndrome, diabetic nephropathy, and renal hypertension (5-7).
Fish oil diets rich in n-3 PUFA should
result in competition by these substrates for
AA oxygenation pathways, resulting in the
formation of biologically inactive end products (1,8). This mechanism explains the beneficial effect of fish oil diets on the course of
the diseases cited above (9-11). The effect of
diet supplementation with n-3 PUFA on renal function parameters of healthy subjects
has been less studied. Dusing et al. (12)
supplemented 10 healthy adult volunteers
with 6 g/day n-3 PUFA for 6 weeks and
observed a significant increment of renal
plasma flow and glomerular filtration rate
(GFR), associated with a decrease in renal
vascular resistance. Other investigators
supplemented elderly persons with 1.7 g/day
EPA for 4 weeks and did not observe any
modification of renal function (13). On the
other hand, chronic supplementation of normal rats for more than 6 months resulted in a
reduction of GFR and proteinuria (14,15).
These deleterious effects were associated
with evidence of increased renal lipid perBraz J Med Biol Res 37(10) 2004

oxidation (15). In all of these studies the
supplementation was administered to adult
subjects.
Over the past 150 years, human beings
have enormously increased the consumption
of saturated and n-6 PUFAs and reduced the
consumption of n-3 PUFAs (16). This typical Western diet has been found to exert a
stimulatory effect on the growth of cancer
cell lines (17). Epidemiologic and experimental studies have shown that long-chain
n-3 PUFAs have the ability to chemoprevent
and chemosuppress tumor growth (18-20),
but the underlying mechanism is unknown.
The cachexia syndrome develops in association with tumor growth, contributing to physical disability and mortality. It is characterized by anorexia, weight loss, early satiety,
changes in taste perception, weakness, anemia and edema, depletion of carbohydrate,
protein and lipid stores, and skeletal muscle
wasting (21). The incidence of cancer cachexia varies widely. In fact, 20-70% of
cancer patients die with cachexia as the primary cause, depending upon the type of
tumor (22). The basic mechanisms responsible for the establishment of cancer cachexia are poorly known. Impaired salt-water excretion is a well-known systemic effect
of cancer cachexia, and has been studied in
several animal models including Walker 256
tumor-bearing rats (23). In association with
these alterations in water-electrolyte metabolism, some forms of carcinomas involve glomerular disease, manifested mainly as heavy
proteinuria or progressive renal failure (24).
Most previous studies investigating the effect of dietary fatty acids on tumor growth in
laboratory animals have used young adult animals fed for a short period before or after
induction of the tumor. A more likely scenario
is that a dietary pattern will be lifelong and
may exist from conception. We are not aware
of any studies that have investigated the
effect of lifelong consumption of particular
fatty acids on water-electrolyte metabolism
and renal function of cachectic animals.
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In the present study we provided fish oil
(rich in n-3 PUFA) to female rats throughout
pregnancy and lactation and then to their
offspring post-weaning and examined its effect on renal function parameters of the offspring during their adulthood. The offspring
were divided into two groups: healthy subjects and Walker 256 tumor-bearing rats.

Material and Methods
Study design and tumor inoculation

The study was approved by the local
Animal Ethics Committee. Wistar rats were
obtained from the Setor de Ciências Biológicas, UFPR, and maintained in the animal
house under controlled temperature (23ºC),
humidity and a 12-h light-dark cycle, with
free access to water and standard commercial chow (Nurilab CR1, Nuvital Nutrients
Ltda., Curitiba, PR, Brazil), containing 117
mmol/kg sodium and 273 mmol/kg potassium.
Weanling female Wistar rats (aged 21
days) were divided into two groups. One
received a normal chow diet ad libitum (control rats), while the other was orally supplemented with fish oil-n-3 PUFA (MaxEpa;
Seven Seas, Hull, UK). The fish oil used was
a mixed marine triacylglycerol preparation
containing 180 g EPA and 120 g DHA per
kg. The fish oil supplement was administered at a dose of 1 g/kg body weight per day
and was given orally as a single bolus using
a precision microliter pipette. At the age of
90 days, the rats were mated with male Wistar
rats which had been fed a normal laboratory
chow. The females continued to receive fatty
acid supplementation throughout gestation
and lactation. After weaning (age 21 days)
the male offspring received the same diet
and supplementation as their mothers.
At 90 days of age half the animals of each
group were injected into the right flank with
a sterile suspension of 2 x 107 Walker 256
tumor cells obtained from an ascitic tumor-

bearing rat, and the other animals were injected with 1.0 ml 0.9% (w/v) NaCl without
anesthesia, as previously described (25). The
amount injected ensured that the tumor mass
was 8-10% of the carcass weight at the time
of the measurements (the 14th day after inoculation). The following groups were set
up with 5-10 rats in each: control, control
rats supplemented with fish oil-n-3 PUFA
(P), Walker 256 tumor-bearing rats (W), and
Walker 256 tumor-bearing rats supplemented
with fish oil (WP). Body weight was determined every two days for 14 days.
Kidney function

The rats were prepared for kidney function measurements as follows. All animals
were housed individually in metabolic cages
for 6 days prior to sacrifice. The cages were
equipped with external food cups and water
bottles that facilitated accurate collection of
urine not contaminated with feces or food.
Metabolic balance was determined during
the experimental period by measurement of
body weight (g), food consumption (g), water ingestion (ml), urinary volume (ml), and
Na+ concentration (mEq/l). GFR and urine
concentrating capacity were determined by
measuring creatinine and osmolar clearance,
respectively, on the 14th day after tumor
inoculation, when the animals were killed by
decapitation without anesthesia using a guillotine. The tumor was removed and weighed.
Blood was collected and serum creatinine
and Na+ concentrations, total protein content, and osmolality were determined. Fractional sodium excretion (FENa+) was calculated as CNa+/CCr, where CNa+ is Na ion clearance and CCr is creatinine clearance. Fractional sodium balance was calculated as sodium intake minus urinary sodium losses
divided by sodium intake. Sodium intake
was calculated from the amount of diet ingested per 24 h, and sodium losses were
estimated from the amount of sodium excreted into the urine within the same 24 h.
Braz J Med Biol Res 37(10) 2004
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dent-Newman-Keuls contrast test and the
level of significance was set at P < 0.05.

Blood and urine measurements

Na+ concentration in plasma and urine
was measured by flame photometry
(Micronal B262, São Paulo, SP, Brazil). Osmolality of blood and urine was measured by
freezing point depression with a Fiske OM
Osmometer (Norwood, MA, USA). Plasma
and urine creatinine was measured by a colorimetric method (picric acid) and total blood
and urine protein content was determined by
the biuret method (Labtest Diagnostica,
Lagoa Santa, MG, Brazil).
Statistical analysis

Data are reported as means ± SEM. Statistical comparisons were made by analysis
of variance (ANOVA) followed by the StuTable 1. Effect of chronic fish oil supplementation on daily food consumption, water
ingestion, weight gain, and urinary volume of the groups studied.
C (N = 10)

P (N = 9)

W (N = 6)

WP (N = 8)

Food consumption (g/day) 25.3±1.07
Water ingestion (ml/day) 39.0±2.3
Weight gain (%/day)
1.18±0.56

24.7±1.88
34.7±2.2
1.05±0.79

12.66±4.24*
37.2±7.4
0.44±1.62*
(-8.96±2.68)
3.2±1.4

22.7±2.94
39.7±2.6
1.78±1.30*
(-7.02±1.67)
8.8±1.3+

Urine volume (ml/day)

5.3±1.4

4.6±0.7

C = control; P = control supplemented with fish oil; W = Walker 256 tumor-bearing
rats (W); WP = Walker 256 tumor-bearing rats supplemented with fish oil. Data are
reported as mean ± SEM. The values in parentheses represent the percentage of
weight gain calculated considering only the carcass weight.
*P < 0.05 vs control group. +P < 0.05 vs the other groups (ANOVA, followed by the
Student-Newman-Keuls contrast test).

GFR (ml min-1 kg body weight -1)

Figure 1. Fish oil supplementa*
tion increases glomerular filtra12345
1.6
tion rate (GFR) in rats. GFR is
12345
12345
reported as ml min-1 kg body
12345
12345
weight-1 estimated by creatinine
1.2
12345
12345
clearance for control rats (C, N =
12345
12345
7), control rats supplemented
0.8
12345
with fish oil-n-3 PUFA (P, N =
12345
12345
10), Walker 256 tumor-bearing
12345
0.4
12345
rats (W, N = 5), and W supple12345
12345
mented with fish oil rats (WP, N
12345
0.0
= 8). Data are reported as means
C
P
W
WP
± SEM. Note that the WP group
has a significant increment of GFR compared to the other groups (P < 0.05, ANOVA,
followed by the Student-Newman-Keuls contrast test).

Braz J Med Biol Res 37(10) 2004

Results
The average daily weight gain of the
different groups is shown in Table 1. The
body weight gain of the P group was similar
to the control group, but for the W group it
was less than control (0.44 ± 1.62 vs 1.18 ±
0.56%, P < 0.05). A tendency to body weight
gain was observed in the WP group but the
gain was not significant when compared to
the other groups (Table 1). However, if only
the carcass weight (body weight on the 14th
day minus tumor weight) of the W and WP
groups is considered, the daily weight gain
was significantly less than in the other groups
(-8.96 ± 2.68 in W and -7.02 ± 1.67% in WP;
Table 1). Food intake by the W group was
significantly lower than control (12.66 ±
4.24 vs 25.30 ± 1.07 g/day, P < 0.05; Table
1). Treatment with fish oil significantly reversed the reduction of food intake observed
in the W group (22.70 ± 2.94 vs 12.66 ± 4.24
g/day, P < 0.05; Table 1). Water ingestion
did not differ between groups. The tumor
growth rate was markedly reduced in the P
group compared to the untreated one (16.41
± 2.09 for WP vs 24.06 ± 2.64 g for W, P <
0.05). The tumor-bearing groups presented
clear signs of cancer cachexia, i.e., a depletion of protein stores. The total plasma protein concentration in the tumor-bearing
groups was 3.84 ± 0.23 in W and 3.91 ± 0.21
g/dl in WP, significantly different from the
control and P groups: 4.72 ± 0.20 and 4.74 ±
0.17 g/dl, respectively.
Renal function is depicted in Figure 1,
which shows GFR estimated by creatinine
clearance. Mean GFR showed a tendency to
increase in the P group, but was not significantly different from the control group (0.935
± 0.167 (N = 10) vs 0.719 ± 0.084 ml min-1
kg body weight-1 (N = 7), P > 0.05). In the W
group, GFR was statistically similar to the
control and P groups, 0.684 ± 0.289 ml min-1
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Discussion
The lower prevalence of coronary heart
disease and of some chronic diseases like
psoriasis, bronchial asthma, diabetes, and
thyrotoxicosis observed in Eskimo populations (Greenland Inuit) as compared to west-

ern populations has been attributed to the
increased supply of n-3 fatty acids (marine
fish and mammals) in the former (26). Over
the past 15 years, several studies have suggested the efficacy and potential clinical utility of dietary supplementation with n-3 fatty
acids in human renal diseases such as idiopathic immunoglobulin A nephropathy, lupus nephritis, cyclosporine A toxicity, vascular access thrombosis of end-stage renal
disease, idiopathic calcium urolithiasis, and
chronic renal insufficiency (10,27-29). The
most accepted hypothesis to explain the multifaceted actions of n-3 fatty acids on kidney
diseases concerns the activities of metabolites derived from EPA as opposed to those
derived from AA. Alterations in eicosanoid
synthesis and metabolism are produced when
concentrations of EPA and DHA increase
relative to AA. For example, renal producTable 2. Effect of chronic fish oil supplementation on plasma osmolalily (POSM), urine
osmolality (UOSM), osmolar clearance (COSM), and free water clearance (CH O) of the
2
groups studied.
POSM
(mOsm/l)
C (N = 7)
P (N = 5)
W (N = 5)
WP (N = 8)

286
279
291
285

±
±
±
±

5.3
4.5
9.5
2.4

UOSM
(mOsm/l)
2719
2265
1245
1594

±
±
±
±

COSM
(ml/min)

348
441
238*
260*

0.035
0.028
0.016
0.039

±
±
±
±

0.005
0.008
0.007*
0.006

CH O
2
(ml/min)
-0.030
-0.021
-0.023
-0.030

±
±
±
±

0.005
0.009
0.012
0.005

C = control; P = control supplemented with fish oil; W = Walker 256 tumor-bearing
rats; WP = Walker 256 tumor-bearing rats supplemented with fish oil. Data are
reported as mean ± SEM.
*P < 0.05 vs control group (ANOVA, followed by the Student-Newman-Keuls contrast
test).

4
3
FENa+ (%)

kg body weight-1 (N = 5). At the same time,
the WP group showed a significant increase
in GFR: 1.520 ± 0.214 ml min-1 kg body
weight-1 (N = 8) (P < 0.05) vs the other
groups. This group had also an elevated
urine flow rate: 8.8 ± 1.3 vs 5.3 ± 0.72 ml/day
in the control group, P < 0.05 (Table 1).
Despite the differences observed in GFR,
plasma creatinine concentration was similar
among groups: 20.21 ± 1.20 in control (N =
7), 20.23 ± 2.32 in P (N = 10), 19.40 ± 1.84
in W (N = 5), and 17.00 ± 1.22 µg/ml in WP
(N = 8).
The tumor-bearing groups had low urine
osmolality compared to control rats, but only
W rats showed a significant alteration of
osmolar clearance (Table 2). Despite these
differences, plasma osmolality was similar
among the different groups (see Table 2).
Figure 2 shows renal FENa+. The FENa+ of P
rats was similar to control, 2.29 ± 0.92 and
2.99 ± 0.87%, respectively (P > 0.05). In
contrast, FENa+ was decreased in the W group
compared to control: 0.43 ± 0.16 vs 2.99 ±
0.87%, P < 0.05. Urinary sodium excretion
partially recovered in the WP group to 0.90 ±
0.20%, but this value was not statistically
different from the W group. There were no
significant difference between groups for
fractional sodium balance (0.66 ± 0.02 in
control, 0.64 ± 0.11 in P, 0.85 ± 0.07 in W,
and 0.63 ± 0.09% in WP). Despite the significant reduction of renal FENa+ observed in
the W group, plasma sodium concentration
was similar to the control group: 143.2 ± 3.8
and 142.4 ± 3.1 mEq/l, respectively. The
plasma sodium concentration of the other
groups was also similar to control: 137.1 ±
1.83 in P, and 137.8 ± 3.06 mEq/l in WP.

2

*

*

12345
12345
12345
12345
12345

W

WP

1
0
C

P

Figure 2. Fractional sodium excretion (FENa+) of control rats
(C, N = 7), control rats supplemented with fish oil-n-3 PUFA
(P, N = 5), Walker 256 tumorbearing rats (W, N = 5), and W
supplemented with fish oil rats
(WP, N = 8). Data are reported
as means ± SEM. Note that the
W group has a significant decrease in FENa+ compared to
control (P < 0.05, ANOVA, followed by the Student-NewmanKeuls contrast test).
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tion of thromboxane A2 (TXA2) is elevated
in several renal diseases and the treatment
with n-3 fatty acids reduced it.
Despite the numerous studies on several
renal diseases, few investigations have examined the effects of dietary supplementation with n-3 fatty acids on renal function of
healthy animals. In the present study we
observed that chronic dietary supplementation with n-3 fatty acids (0.3 g EPA and
DHA/kg body weight per day) did not alter
significantly the GFR (see Figure 1), urine
flow rate (see Table 1) or FENa+ (see Figure
2). Similarly, Logan et al. (15) observed that
feeding fish oil to rats for 1 month had no
effect on mean GFR (determined by inulin
clearance) or renal plasma flow. However,
Schmitz et al. (30) observed a significant
increase in single nephron GFR when glomerular hemodynamics was evaluated by
micropuncture in rats. The elevation of single
nephron GFR was primarily due to a marked
increase in single nephron plasma flow,
which was associated with a significant reduction in efferent arteriolar resistance. The
discrepancies observed between studies
could be attributed to differences in the experimental design, such as duration of the
supplementation period, and amount of fish
oil in the diet. The cited study (30) was
performed after 4 to 6 weeks of dietary n-3
fatty acid supplementation, and ours after
15-17 weeks. In addition, Schmitz et al. (30)
fed their animals a standard laboratory chow
supplemented with 18% (w/w) fish oil (approximately 0.8 g n-3/day), and we fed ours
less than 1% (approximately 0.07 g n-3/day).
Fish oil supplementation accelerates the
natural age-induced decline in glomerular
function. More than six months of dietary
fish oil had a deleterious effect on kidney
function, evidenced by diminished glomerular filtration and increased urinary protein
excretion (14,15). This effect is inconsistent
with a previous study that found no adverse
impact with 16 months’ feeding of fish oil
versus safflower oil on serum creatinine levBraz J Med Biol Res 37(10) 2004

els, urinary protein excretion or renal morphology in female Wistar rats (31).
Cachexia-anorexia syndrome is a common manifestation of cancer and of nonmalignant chronic diseases, such as AIDS,
advanced congestive heart failure, chronic
obstructive pulmonary disease, and rheumatoid arthritis, among others (32). Thus, success in managing the syndrome would help
cancer patients and people with other common illnesses. A presumably successful attack on cancer cachexia syndrome should
focus on agents able to increase food intake
and reduce or inhibit intermediary metabolism. Epidemiological studies have shown a
link between fat-rich diets and incidence of
cancer (33). A reduced risk of colon, breast
and prostate cancer has been associated with
a low fat diet high in n-3 fatty acids, otherwise, the polyunsaturated n-6 exert a stimulatory effect on cancer development (17,34).
In the current study tumor growth was
associated with reduced food intake and animal growth, and reduced total serum protein
concentration (see Table 1). Thus, this model induced cancer cachexia. Treatment with
fish oil significantly reversed the reduction
of food intake observed in the W rats, and
reduced tumor growth rate. In a previous
study by our group, we observed that several
“cachectic” serum parameters such as glucose, lactate, cholesterol, and HDL-C returned to normal levels in WP rats (25). The
mechanisms by which n-3 PUFAs combat
neoplasmic cells are still unclear. Modifications in prostaglandin biosynthesis, cyclooxygenase-2 activity, angiogenesis, modulation of immune function, and lipid peroxidation have been suggested to play a role (35).
The lytic effects of n-3 PUFA on cultured
tumor cells are correlated with the degree of
lipid peroxidation product formation. The
mechanism(s) by which these lipid peroxidation products inhibit cancer cell growth is
unknown (36).
During growth of Walker 256 carcinoma
in control rats, water intake is sustained de-
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spite the progressive decline in food intake
(Table 1). This apparently excessive water
intake has been attributed to retention of
water associated with the known retention of
Na+ under the influence of the increased
secretion of aldosterone, and/or inappropriate antidiuretic hormone secretion (23,37).
Another factor to be considered is the decrease of total serum protein concentration,
which causes a reduction in the colloid
oncotic pressure in blood, favoring movement of water from the vascular to the interstitial space and producing hypovolemia.
Hypovolemia would then activate volume
sensors and extrarenal neurohumoral and
hemodynamic mechanisms that increase renin-angiotensin-aldosterone, arginine-vasopressin, and sympathetic nervous system
activity, and decrease atrial natriuretic peptide, which in turn would signal to the kidney
to retain salt and water. However, the total
daily solute load of urine in the tumor-bearing groups was relatively much lower than
urine water excretion and so the urine became progressively more diluted (Table 2).
Other investigators have reported a decrease
in urinary Na+ excretion of W rats, as observed in the present study (38,39).
Associated with the decrease in urinary
+
Na excretion we observed a tendency toward
sodium retention, expressed by a nonsignificant increment of sodium fractional balance.
A clear relationship between tumor growth
and sodium retention was established by Toal
et al. (38), who observed a prompt return to
normal urinary Na+ excretion after tumor extirpation. Supplementation with fish oil attenuated the changes in renal fractional excretion and sodium balance determined by tumor
growth (see Figure 2). It also determined a
significant increment of GFR, clearly different
from the W group (see Figure 1). The specific
mechanisms responsible for this effect were
not addressed in the present study; however,
alterations of intrarenal vascular resistance
and/or whole blood viscosity could be suggested. The n-3 PUFAs present in fish oil

(DHA and EPA) enhance the renal production
and excretion of the trienoic series of eicosanoids: PGI3, PGE3 and TXA3 (12,27). PGI3, and
PGE3 are potent renal vasodilators, whereas
TXA3 has little effect on vascular smooth
muscle tone. Moreover, production of the
dienoic prostaglandins (PGI2, PGE2) and the
potent vasoconstrictor TXA2 is reduced by
dietary supplementation with fish oil (27).
Rats bearing the Walker 256 tumor have high
circulating levels of the vasoconstrictor PGE2
compared with normal rats (40). As a consequence, the increment of GFR observed in the
WP group could be explained by a reduction
of intrarenal arteriolar resistance. Reduction
in serum lipid levels is a factor that reduces
whole blood viscosity. In a previous study,
we observed that WP rats had a reduced
serum triacylglycerol level as compared to
the W group, but similar to control rats (41).
Thus, dietary fish supplementation may have
caused a reduction in plasma and/or whole
blood viscosity that contributed to the decrease in renal vascular resistance. On the
other hand, the control rats supplemented
with fish oil had serum triacylglycerol and
cholesterol levels similar to control animals
(25). So, the lack of effect of this supplementation on renal function of control animals
observed in the present study should be explained in part by the constancy of plasma
lipid levels and in part by the little effect of
inhibition of cyclooxygenase products on
the renal parameters of normal rats and humans (3,4).
The supplementation with fish oil used in
this study increased the amount of fat in the
diet by only 0.1%. Thus, this approach is
quite different from those used in other studies in which the diets were supplemented
with percentages of n-3 PUFA ranging from
8 to 21%. In addition, we also examined the
effect of chronic supplementation on the F1
generation. Interestingly, this small change
in n-3 PUFA intake caused remarkable
changes in tumor growth rate and cachexia,
also showing a renoprotective function.
Braz J Med Biol Res 37(10) 2004
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