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This study evaluates the role of soybean and olive oil in the recovery and evolu
tion of some cardiovascular risk factors in rats undernourished in uterus and during
lactation. Beginning at 20 days of age, for a period of 130 days, control (C) and mal
nourished (M) animals were fed three different diets: standard diet (C, M), standard
diet enriched with soybean oil (CS, MS) and standard diet enriched with olive oil
(CO, MO). Body weight, systolic and diastolic blood pressure, total cholesterol,
HDL-choIesterol and triglycerides levels of pups were measured at periods of 15, 30,
90 and 150 days of age. Malnutrition produced a decreased body weight and experi
mental diets were ineffective in body weight recovery. The controls, however, dis
played overweight. Blood pressure values, taken at different ages and under different
diets were within normal limits. Plasma triglycerides increased up to 30 days of age
with early undernutrition returning, thereafter, to normal limits. Plasma cholesterol
level decreased in all animals with age, except in the CS and CO groups, which
showed a significant increase in this parameter at 5 months.
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In recent years a number of investiga
tions in both humans and animals have
shown that malnutrition in early life may
have profound effects on later, anatomi-
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cal, biochemical, physiological and behav
ioral development (7, 8,17, 24).

There is considerable evidence that
early malnutrition significantly affects fat
metabolism as a contributing factor of
growth (3). Thus, low protein malnutri
tion in early development of the rat is 



230 J. M. GUTlfiRREZ, A. FERNANDEZ, A. FUEYO, et al.

associated with important deficiencies and
alterations in the metabolism of essential
fatty acids (EFAs) (14). In rats EFAs are
essential for normal growth and develop
ment of the offspring (4, 6).

Inadequate intake of protein and ener
gy during pregnancy and lactation in rats
(13), adult dogs (I) and humans (37) pro
duced a loss of cardiac muscle mass that
was proportional to total body mass lost
and induced changes in the cardiac func
tion.

It has been previously commonly
accepted that dietary saturated fatty acids
(SFA) increase and polyunsaturated fatty
acids (PUFA) decrease serum total choles
terol concentration (16). The results of
studies on unsaturated fatty acids on
serum lipoproteins in humans and experi
mental animals are controversial (19, 22,
35).

In spite of the extensive research in the
last decades, the effects of dietary fats on
blood pressure are uncertain. In some
studies, an increased intake of PUFA has
been found to be associated with a lower
ing of blood pressure (15), but in others
no effects of PUFA on blood pressure
could be demonstrated (31).

This study was designed to test the
effect of rehabilitation in malnourished
rats, with a malnutrition model developed
in previous studies (8,23), with a standard
dietyvarying the source of dietary lipids.
The objetive in using different vegetable
oils was: 1) to provide a high energetic
diet; 2) to analyze the effects of these dif
ferent diets on some cardiovascular risk
factors.

Materials and Methods .

Wistar rats from the Functional Biolo
gy Department (Physiology) of the Uni
versity of Oviedo were used. The animals
were kept under standard conditions of 
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lighting and darkness (12 h each), temper
ature (23 ± 3 °C) and absolute humidity
(65 ± 1 %). The animals had free access to
water and were fed a nonpurified standard
diet (Panlab S. L., Barcelona, Spain). The
general composition of the diet was as fol
lows: water, 12 %; protein, 18 %; fat, 3 %;
fibre, 4.3 %; starch, 45 %; total sugar,
3.5 %; ashes, 8 %; phosphorus, 0.65 %;
NaCl, 0.6 %; calcium, 1.28 %; vitamin A,
15,000 lU/kg; and cholecalciferol, 2,000
lU/kg; energetic value, 2,900 Cal/kg.

A total of 85 virgin females, aged 67-77
days, with a body weight of 230-240 g
were placed in groups of three in separate
cages with one male per cage. Copulation
was verified by daily vaginal smears (10.00
A. M.) for the presence of sperm (day 0 =
day of copulation). Pregnant females were
randomly separated into two groups: one
control (30 animals) and one malnour
ished (42 animals). During their pregnan
cy the latter were fed 14 g of diet daily
while the former had free access to food.
The diet of experimental females during
the lactation period was 21g per day.

The evolution of mothers (control and
malnourished) as the model of malnutri
tion applied during gestation and lactation
has been described elsewhere in detail (8,
23). Each dam was routinely given eight
pups (preferably males).

At the end of the lactation period (20 d),
ten controls (C) and ten malnourished
(M) litters were given free access to the
standard diet. Ten controls (CS) and ten
malnourished (MS) litters were fed with
the standard diet enriched with 7 % soy
bean oil. Another ten controls (CO) and
ten malnourished (MO) litters were fed
with the standard diet enriched with 7 %
olive oil. The diets used were prepared by
Panlab from the standard diet made up
especially for the present study by addi
tion of soybean oil (Koipesol trademark)
and olive oil (Giralda trademark). Major 
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fatty acid components of the standard and
experimental diets are shown in table I.

The pups were weighed at 15, 30, 90
and 150 days of age. At 15 days of age the
male pups (preferably two animals per lit
ter) were killed by decapitation at the
same time of the day, trunk blood being
collected and stored at -20 °C.

At 3 months of age 14 animals per
group remained in metabolic cages (Tec-
niplast) during 10 days. Daily body
weight and food intake were recorded.

After a 24 h fast, at the age of 30, 90 and
150 days, two male rats per litter (C, M,
CS, CO, MS, MO), prior to being sacri
ficed, were anaesthetized with sodium
pentobarbital (30 mg/kg i.p. and 30 mg/kg
s.c.) and the right carotid artery was can
nulated with a polyethylene catheter (PE-
50 and PE-100).

Arterial blood pressure was measured
with a pressure transducer Statham P23D
(Gould Inc., Oxnard, Calif), connected to
a Beckman polygraph Model 611-A
(Beckman Instruments, Brea, Calif).
Heart rate was calculated from phasic
blood pressure recording (11).

Blood from the jugular vein was
obtained and stored at -20 °C. Total cho-

Table I. Major fatty acid components (%) of stan
dard and experimental diets.

Fatty Acids S SS SO

C16:0 19.71 12.90 13.20
C18:0 5.14 4.30 2.94
C16:1 1.05
C18:1 28.46 25.30 61.70
C18:2 46.65 51.70 20.90
C18:3 5.60
SFA 24.85 17.20 16.14
MU FA 28.46 25.30 62.75
PUFA 46.65 57.30 20.90
MUFA/SFA 1.14 1.47 3.86
PUFA/SFA 1.87 3.33 1.29

S = Standard diet; SS = Standard diet enriched with soy
bean oil; SO = Standard diet enriched with olive oil.

lesterol, HDL and triglycerides were mea
sured by using an enzymatic colorimetric
test (Boehringer Mannheim S.A. Bio
chemicals, Barcelona, Spain).

Statistical analysis- Snedecor’s “F”
(33) was used to determine the differences
among dietary oils within each type of
early nutritional group (control or mal
nourished), when the “F” revealed a sig
nificant value, multiple comparisons were
carried out according to Tuckey’s test
(34). Student’s t test with the FlSHER and
YATE correction (10) was used to deter
mine the differences between the means of
the following groups: C vs M; CS vs MS;
CO vs MO.

Results

The body weight evolution of the off
spring from 15 to 150 days of age are
recorded in table II. Mean body weight of
pups whose dam’s food intake was
restricted during pregnancy and lactation
was always significantly lower for each
time period in relation to pups whose dam
was fed ad libitum. The experimental diets
did not significantly increase the body
weight of rats within the same model of
early nutrition.

Food intake, weight gain and feed effi
ciency are shown in table III. The values
of food intake (Kcal) were significantly
higher in control animals than experimen
tal animals, whereas the weigth gain was
significantly lower in control animals than
experimental ones. The early malnour
ished animals showed a greater feed effi
ciency than the controls, and the experi
mental diets increased this parameter.

Table IV contains the blood pressure
values (systolic and diastolic) in rats of
different ages and on different diets. The
data for these parameters were within
normal values. At 30 days of age, the val-
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Fig. 1. Effect of enrich oil diets (soybean and olive) on total cholesterol in control and malnourished rats
recovering from early malnutrition.

C = Control eating standard diet; M = Malnourished eating standard diet; CO = C eating standard diet
enriched with olive oil; CS = C eating standard diet enriched with soybean oil; MO = M eating standard diet

enriched with olive oil; MS = M eating standard diet enriched with soybean oil.
C vs M, CS vs MS and CO vs MO: bp < 0.01; C vs CS and C vs CO: ’pS 0.01.

Fig. 2. Effect of enrich oil diets (soybean and olive) on total triglycerides in control and malnourished rats
recovering from early malnutrition.

C = Control eating standard diet; M = Malnourished eating standard diet; CO = C eating standard diet
enriched with olive oil; CS = C eating standard diet enriched with soybean oil; MO = M eating standard diet

enriched with olive oil; MS = M eating standard diet enriched with soybean oil.
CS vs MS: ap < 0.01; C vs M and CO vs MO: bp £ 0.05.
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age (days)

Fig. 3. Effect of enrich oil diets (soybean and olive) on total HDL-cholesterol in control and malnourished
rats recovering from early malnutrition.

C = Control eating standard diet; M = Malnourished eating standard diet; CO = C eating standard diet
enriched with olive oil; CS = C eating standard diet enriched with soybean oil; MO = M eating standard diet
enriched with olive oil; MS = M eating standard diet enriched with soybean oil. C vs CS and C vs CO:

* p £ 0.01; CS vs MS and CO vs MO: bp < 0.01.

ues of systolic and diastolic blood pres
sure in MO were significantly lower (p <
0.01 and p < 0.05) than those for CO. At 3
months of age the results were similar in
all the groups studied. Significant statisti
cal differences were found between CO
and CS when compared with C at 5
months of age, since in controls the con
tinuous ingestion of the oil diets increased
both systolic and diastolic pressure values.

Plasma cholesterol level decreased in all
animals from 15 to 150 days of age (fig. 1).
At 150 days of age CS and CO signifi
cantly increased this parameter compared
with the other groups. At 15 and 30 days,
the values of total cholesterol and triglyc
erides (fig. 2) were significantly higher in
the early malnourished animals (M) than
in the controls (C). There were no differ
ences in these parameters between these
two groups at 3 and 5 months of age. The
control animals eating oil diets (CS and
CO) significantly increased the values of

HDL-cholesterol at 30 days of age com
pared with the controls (C) (fig. 3). These
differences disappear at 90 days. Never
theless, at 150 days of age these animals
once again significantly increased the val
ues of this parameter in comparison to
malnourished animals eating oil diets.

Discussion

The oil diets employed in our rehabili
tation model did not normalize the body
weight of early malnourished male rats.
Animals achieve their normal genetically
determined body size depending on the
stage of development during which the
deprivation is introduced and on its
degree and duration (5). In our experi
mental model deprivation was applied
during a critical period in the rat’s devel
opment. So that these animals never
acquired the body size of the controls.

Rev. esp. Flsio!., 50 (4), 1994
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However, our data (table III) indicate that
malnourished rats showed (at 90 days of
age) an accelerated growth response, as
they gained more weight and had a greater
feed efficiency than control rats during
the ten days stay in the metabolic cages.
These findings are in agreement with the
results of OCKEN and Grunewald (27),
and they showed a rapid rate of catch-up
growth that the undernourished animals
experiment in an attempt to normalize
body size.

Control rats on oil diets increased the
body weight gain significantly during the
experimental period compared to the con
trols (C = 313.5 g; CS = 354.3 g; CO =
356.5 g). These results are consistent with
other investigations which show that
high-fat diets reliably produce overweight
and obesity in laboratory animals (28).
Early malnourished rats on oil diets did
not significantly increase the body weight
gain compared with early malnourished
rats on standard diet (M = 299.15 g; MS
=272.45 g; MO = 290.4 g). Pre- or postna
tal undernutrition retards growth and
functionality of the gastrointestinal tract
(21) and reduces lipid and protein uptake
by the enterocytes (32). Postnatal under
nutrition causes a decrease in antral gas
trin levels, a situation that could not be
normalized by nutritional rehabilitation
even when the body weight and gastroin
testinal tract was corrected (20). The
antral gastrin hormone has an effect on all
major gastrointestinal activities including
secretion, motility and absorption. High
levels of cholescystokinine (CCK) pro
duced by increased fat ingestion competi
tively inhibit the gastrin-stimulated acid
(37). Malnourished animals on oil diets
could have their gastrin secretion dimin
ished and CCK secretion increased, both
factors producing a decreased food inges
tion and reducing the capacity of the
whole intestine to absorb these nutrients.

In men, increased amounts of monoun
saturated (MUFA) and PUFA in the diet
do not show any effect on blood pressure
(24, 32). However, in normal animals, the
effect of dietary fat on this parameter is
controversial. In our study, the blood
pressure values (diastolic and systolic)
measured at different ages and for differ
ent diets were within normality, whereas
the same parameter in CS and CO groups,
compared with C, at five months of age,
were slightly significantly increased. This
result might be due to these animals being
overweight, and there being as in humans
(31) a close relationship between body
weight and blood pressure.

Early undernutrition increased plasma
cholesterol and triglycerides in the mal
nourished pups, which maintained in
creased levels of these parameters up to 30
days of age (figs. 1 and 2). These results
are in accordance with those of other
authors (18) who have shown that under
nourishment of the mother alters the
lipidic metabolism in the offspring, as the
activity of hepatic lipoprotein lipase
(LPL) increased in the pups and the tem
poral appearance of LPL activity in the
liver modifies the role of this organ in the
overall lipoprotein metabolism.

At three and five months of age, after
10 and 18 weeks of feeding on oil diets,
the triglyceride level was similar in all
groups (table IV), which suggests that
there is an adaptation to a longer feeding
period or to an introduction of the diet at
a young age (26).

The ingestion of oil diets did not affect
cholesterol values in three month old rats.
However, at five months control animals
eating oil diets (CS and CO) showed sta
tistically significant increased cholesterol
levels compared with the other groups.
These results are not in agreement with
those in other works. In this sense, the lit
erature abounds with clinical trials which
demonstrate that decreasing SFA intake 
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and/or increasing both PUFA (19) and
MUFA (12) in the diet in humans result in
a decrease in plasma cholesterol levels.
However, rat studies have demonstrated
different results in relation to dietary fat
and cholesterol level (9). Reductions in
plasma cholesterol concentration vary
greatly in studies, due to differing genetic
backgrounds, initial plasma lipid levels,
age and sex of subjects, relative restrictive
ness of the experimental diet, and varia
tion in the baseline diet to which the mod
ified diet is compared. Whether the diets
are prepared and given to the subjects in a
controlled environment or dietary modifi
cation is achieved by dietary counselling
and this may in itself also influence the
magnitude of the change.

There is considerable diversity in the
baseline diets used by the animals before
the dietary modification was introduced
and the time period necessary for the sta
bilization of the changes of plasma lipids
in response to diets varied greatly in the
literature. The high cholesterol level
shown by our control animals eating oil
diets (CS and CO) at five months of age is
a consequence of our dietary pattern, as
these animals remained on these diets
from weaning, and this nutritional pattern
has not been used by other authors. More
over, decreasing SFA intake by increasing
PUFA in the diet produced the same
effect on cholesterol levels as that of
decreasing SFA intake by increasing
MUFA.

Somewhat controversial is the effect of
diets high in MUFA or PUFA in the level
of HDL-cholesterol in plasma. Most of
the work indicates that high PUFA diets
result in a decrease in HDL-cholesterol
(30), although the effect is not always con
sistent. Some studies support the neutrali
ty of MUFA with respect to this parame
ter, and other evidences propose that
MUFA may be as effective as PUFA in
lowering LDL-cholesterol without simul

taneously reducing those of HDL-choles
terol (25). What is apparent from our data
is that our monounsaturated enriched diet
(olive oil) increased plasma HDL-choles
terol concentrations to a comparable
extent as did our polyunsaturated en
riched diet (soybean oil) in control ani
mals at 30 and 150 days of age. Although
these data are very controversial with
other results shown in the literature, it
should be emphasized that our diets and
the time of application were quite differ
ent from those used in other studies.

Early malnourished animals on oil diets
(MS and MO) at five months of age
showed plasma cholesterol levels similar
to malnourised and control animals on
standard diet; this may be due to the fact
that early undernutrition reduces lipid
uptake by the enterocytes (32). Malnutri
tion can alter the enzymatic activities
depending on the age period in which it is
imposed, and in this experiment it was
imposed during a critical period for
intestinal differentiation. On the other
hand, data from Brown et al. (2) indicates
that the initial adaptive response in lipid
transport to a common metabolic chal
lenge during adulthood differs between
animals born to dams fed different diets,
concluding thus that the expression of
genes regulating cholesterol metabolism
can be modulated by maternal diets in the
rat.

J. M. GUTIERREZ, A. FERNANDEZ, A.
FUEYO, C. GONZALEZ, S. FERNANDEZ
y A. MENENDEZ-PATTERSON. Efecto de
dietas enriquetidas con aceites sobre algunos
factores de riesgo cardiovascular durante la
recuperation de ratas subnutridas temprana-
mente. Rev. esp. Fisiol. (J. Physiol. Biochem.),
50 (4), 229-238, 1994.

Se evalua el papel de los aceites de soja y de
oliva en la recuperacion y evolucion de algunos
factores de riesgo cardiovascular en ratas sub
nutridas in utero y durante la lactancia. A los 
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20 dfas de edad. y durante 130, los animales
controles (C) y los malnutridos (M) se alimen-
tan con tres tipos de dietas: estandar (C, M),
estandar enriquecida con aceite de oliva (CO,
MO) y estandar enriquecida con aceite de soja
(CS, MS). A los 15, 30, 90 y 150 dfas de edad se
determina el peso corporal, la presion arterial
sistolica y diastolica y los niveles sericos de
colesterol total, HDL-colesterol y trigliceri-
dos. La subnutricion produce una disminucion
del peso corporal, mostrandose ineficaces las
dietas enriquecidas en aceites para su recu-
peracion, sin embargo, en los animales con
troles producen sobrepeso. Los valores de pre
sion arterial obtenidos en todas las edades y
con las distintas dietas se encuentran dentro de
los Ifmites normales. Los trigliceridos aumen-
tan en los animales subnutridos temprana-
mente, a los 30 dfas de edad, volviendo despues
a la normalidad. El colesterol plasmatico dis-
minuye con la edad en todos los grupos de ani
males, a excepcion de CS y CO que presentan
un aumento significative a los 5 meses.

Paiabras clave: Malnutricion temprana, Factores de
riesgo cardiovascular, Dietas enriquecidas con

aceite, Rata.

Acknowledgements

This work was supported by a Grant from the
“Investigacion de la Seguridad Social” (Spain) (No
91/0667).

References

1. Alden, P. B., Madoff, R. D., Sthal, T. J., Lakat-
ua, D. J., Ring, W. S. and Cerra, F. B. (1987):
Am.]. Physiol., 253, H380-H387.

2. Brown, S. A., Rogers, L. K., Dunn, J. K., Gotto,
A. M. and Patsch, W. (1990): Metabolism, 39,
468-473.

3. Chung-Ja, M. and William, O. H. (1986): J.
Nutr., 116, 1080-1087.

4. Das, U. N., Horrobin, D. F., Phil, D., Begin, M.
E., Huang, Y. S. C., Manku, M. S. and Nassar,
B. A. (1988): Nutrition, 4, 337-341.

5. Elsley, F. W. H. (1976): Proc. Nutr. Soc., 35,
323-337.

6. Essien, E. U. and Marshall, M. W. (1983): Nutr.
Res., 3, 855-864.

7. Fernandez-Fernandez, S., Alvarez-Ordas, I.,
Gutierrez, J. M., Mann, B. and Menendez-Pat
terson, A. (1986): Nutr. Res., 6, 517-526.

8. Fernandez-Fernandez, S., Fernandez-Menen
dez, M., Mann, B. and Menendez-Patterson, A.
(1985): Nutr. Res., 5, 413-421.

9. Fernandez, M. L. and McNamara, D. J. (1991):
J. Nutr., 121, 34-43.

10. Fisher, R. A. and Yates, F. (1957): Statistical
Tables for Biogical, Agricultural and Medical
Research. Hafner. New York.

11. Fueyo, A., Esteban, M. M., Marin, B. and Rojo-
Ortega, A. (1987): J. Lab. Clin. Med., 110, 106-
112.

12. Grundy, S. M. (1989): J. Nutr., 119, 529-533.
13. Gutierrez-Sanchez, J. M. (1981): Subnutricion

durante la gcstacion y la lactancia en la rata:
efectos a largo plazo en los descendientes. Doc
toral Thesis. Universidad de Oviedo, Facultad
de Biologfa, Oviedo, Spain.

14. Hill, E. G. and Holman, R. T. (1980): J. Nutr.,
110, 1057-1060.

15. lacono, J. M., Puska, P., Dougherty, R. M.,
Pietinen, P., Vartiainen, E., Leino, U., Mutanen,
M. and Moisio, S. (1983): Am. J. Clin. Nutr., 38,
860-869.

16. Keys, A., Anderson, J. T. and Grande, F. (1985):
Metabolism, 14, 776-787.

17. Lechting, A. (1985): In “Early malnutrition,
growth and development” (Gracey, M. and
Falkner, F., eds.). Nestle Nutrition, Vevey,
Raven Press, New York, pp. 185-203.

18. Lopez-Tejero, D., Llobera, M. and Herrera, E.
(1988): Bios. Rept., 4, 309-314.

19. McManamara, J. D. (1987): Ann. Rev. Nutr., 7,
273-290.

20. Majumdar, A. P. N. (1983): Experientia, 40,
751-752.

21. Majumdar, A. P. N. (1986): Nutr. Rep. Inter
nal., 33, 187-198.

22. Mattson, F. H. and Grundy, S. M. (1985): J.
Lipid Res., 26, 194-202.

23. Menendez-Patterson, A., Menendez, E., Fer
nandez-Fernandez, S., Fernandez, M. and
Marin, B. (1985): J. Nutr., 115, 1025-1032.

24. Mensink, R. P., Stolwisk, A. M. and Katan, M.
B. (1990): Eur. J. Clin. Invest., 20, 463-469.

25. Mcydani, S. N., Lichtenstein, A. H., White,
P. J., Goodnight, S. H., Elson, C. E., Woods,
M., Gorbach, S. L. and Schaefer, E. R. (1991):
J. Am. Coll. Nutr., 10, 406-428.

26. Ney, D. M., Lasekan, J. B. and Kim, J. (1989): J.
Nutr., 119, 857-863.

27. Ocken, D. and Grunewald, K. (1988): J. Nutr.,
118, 1410-1416.

28. Oscai, L. B., Brown, M. N. and Miller, W.
(1984): Growth, 48, 415-424.

29. Rocchini, A. P. (1990): NIPS, 5, 245-249.

Rev. esp. Fisiol., 50 (4), 1994



238 J. M. GUTlfiRREZ, A. FERNANDEZ, A. FUEYO, er al.

30. Rudel, L. L., Haines, J. L. and Sawyer, J. K.
(1990): J. Lipid Res., 31, 1873-1882.

31. Sacks, F. M., Stampfer, M. J., Munoz, A.,
McManus, K., Canessa, M. and Kass, E. H.
(1987): J. Am. Coll. Nutr., 6, 179-185.

32. Shrader, R. E., Ferlatte, M. I. and Zeman, F. J.
(1977): Biol. Neonat., 31,181-198.

33. Snedecor, G. W. (1956): Statistical Methods.
Iowa State University' Press, Iowa.

34. Tuckey, K. W. (1953): Transact. N. Y. Acad. Sc,
Series II, 16, New York.

35. Valsta, L. M., Jauhiainen, M., Aro, A., Katan, M.
B. and Mutanen, M. (1992): Arterioescler.
Tromb., 12, 50-57.

36. Walsh, J. (1986): In “Physiology of the Gas
trointestinal Tract” (Johnson, L. R., ed.) Raven
Press. New York. Vol. 1, pp. 181-253

37. Webb, J. G. (1986): CMAJ, 135, 753-758.

Rev. esp. Fisiol., 50 (4), 1994


