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Summary. Plasma cortisol and liver glycogen were measured in the mother, fetus and
newborn of guinea-pig after a stress on days 60 and 67 of gestation (parturition occurring
on day 68) ; at those times, the animals were held for 3 h in the dark and subjected to a
flash of 75 J intensity every 10 sec. In comparison with the controls, stress increased
plasma cortisol in both mothers and fetuses. While it decreased maternal liver glycogen on
day 60, it increased fetal liver glycogen at the same stage. Glycemia decreased in mothers
after stress, although at delivery females previously stressed on day 60 showed
hyperglycemia.

Introduction.
Fetal liver glycogen deposition is carried out under hormonal control in
mammalian species (Shelley, 1961 ; Lipovac et al., 1973) ; fetal hypophysis as
well as fetal adrenal glands are necessary for glycogenesis (Jost and Jacquot,
1954 ; Jost, 1966 ; Barnes et al., 1977).
An increase in plasma cortisol levels after stress has been demonstrated in
pregnant and fetal guinea-pigs before parturition. The fact that maternal levels
remain higher than the fetal ones suggests a transfer of this hormone across the
placenta of the mother to the fetus.
Measurements of adrenal secretion rates in acute experiments (Dalle and
Delost, 1979) have shown that the maternal adrenals are the principal source of
the cortisol found in both the maternal and the fetal pools.
In liver explants of rat fetus in vitro, cortisol induces an increase in the total
amount of glycogen (Coufalik and Monder, 19811. The injection of this hormone
induces the same phenomenon in rat (Dorsey and Munck, 1962).
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Dalle and Delost (1979) have demonstrated in the guinea-pig that about 90 %
of the fetal cortisolemia is of maternal origin at the end of gestation. Since stress
increases maternal plasma cortisol sharply just before parturition, the present
study was undertaken to evaluate the influence of an acute physiological
elevation of plasma cortisol on glycogen storage in the mother, fetus and
newborn. For this purpose, female guinea-pigs were subjected to a stress during
the last days of gestation.

Material and methods.
1. Animals. &horbar; Female guinea-pigs (Dunkin-Hartley strain ; length of
gestation 68 ± 1 days) were caged for 24 h with a male at oestrus time when the
vagina was entirely open. They were given water and complete food (UAR
pellets) every day at 8 a.m. On day 60 or 67 of gestation, these females were
subjected to a psychosomatic stress : they were held in a dark room in front of an
intermittent luminous flash (period : 10 sec ; intensity : 75 J) for 3 h from 9 a.m.
to 12. After stress, one-half of the animals were killed immediately and the other
half were allowed to rest until delivery which occurred on day 68 or 69 in the
controls as well as in the stressed dams. Within the first 6 h after delivery,
females and newborns as well as fetuses were killed by decapitation. Each stage,
which included 6 females and 18-23 fetuses, was compared with a control group.
The blood of decapitated mothers, fetuses and newborns, taken from the neck,
was sampled on heparin and centrifuged and the plasma immediately stored at
20 °C. Immediately after killing, the livers were weighed and frozen at
20 °C. Nine nonpregnant female guinea-pigs were sacrificed to obtain control
values of plasma cortisol.
-

-

2. Cortisol estimation. &horbar; The plasma cortisol of mothers, fetuses and
newborns was determined according to the competitive protein binding procedure
of Murphy (1967), modified by Dalle and Delost (1976). Plasma cortisol levels
were expressed in ymol/1.

3. Glycogen estimation. &horbar; Hepatic glycogen was evaluated according to the
enzymatic procedure of Darlymple and Hamm (1973), modified by Gire (1976).
The results were given in limol/g of liver.
4. Plasma glucose. &horbar; Plasma glucose was determined according to an
enzymatic procedure using glucose dehydrogenase (Banauch et al., 1975). The
results were given in g/I.
The means + SEM have been given for all parameters. Their statistical
significance was determined by Student’s t-test.
Results.
1. Plasma cortisol levels in basal conditions and after stress.

a) Pregnant females (fig. 11.
reached very

high values
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In the control group, plasma cortisol levels
60
of
day
gestation, i.e. about 20 times higher than
-

those of nonpregnant female guinea-pigs. These values remained at a steady
level until day 67 and were not modified by delivery.
On day 60, stress provoked a significant rise in plasma cortisol levels
(156 % ; P < 0.0011. On day 67, this rise was less (62 % ; P < 0.001).
Plasma cortisol levels of mothers after delivery were not changed by

prepartum stress.
b) Fetuses and newborns (fig. 2).

On day 60, the levels of fetal plasma
cortisol in the control group were similar to those found in nonpregnant adults.
Between day 60 and birth, plasma cortisol increased markedly (726 % ;
P < 0.001).
Maternal stress increased fetal plasma cortisol levels by 650 % (P < 0.0011
on day 60 and by 120 % (P <
0.001) on day 67.
At birth, no significant change was induced by prenatal stress on day 60, but
a decrease of 26 % (P <
0.01) occurred when the dams were stressed on day 67.

2.

-

Hepatic glycogen.
a) Pregnant females (fig. 3).

glycogen
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During the last week of gestation, hepatic
by 88 % (P < 0.001) and was not

increased in the control group

modified by delivery.
After stress on day 60, glycogen stores fell by 67 % (P < 0.0011. On day 67,
stress did not produce any change in hepatic glycogen stores. Furthermore, it had
no long-term effect since it did not modify hepatic glycogen at delivery.
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b) Fetuses and newborns (fig. 4).
Glycogen accumulation in the livers of
fetuses was very high between days 60 and 67 of intra-uterine life (1200 % ;
P < 0.001 ).
Maternal stress produced a fetal hepatic glycogen increase only on day 60
(210 % ; P < 0.001).
Prepartum maternal stress had no influence on hepatic glycogen stores of the
pups at birth.
-

3. Plasma

glucose.

a) Pregnant females (fig. 5).
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Glycemia significantly increased

control group at the time of delivery (5 % ; P < 0.01
).
Stress was followed by a slight hypoglycemia (10 % ; P
and 5 % ; P < 0.01 on day 67).

<

0.05

on

in the

day 60

After delivery animals which had been subjected to stress on day 60 showed
hyperglycemia (16 % ; P < 0.0011.).
Basal fetal glycemia was similar to the
b) Fetuses and newborns (fig. 61.
maternal one (1.1 g/11. Glycemia was not changed by either prepartum maternal
-

stress or birth.

Discussion.
At the end of pregnancy and especially near term, the adrenal glands of the
female guinea-pig are strongly stimulated (Dalle and Delost, 1976). However,
stress induced a marked increase in plasma cortisol, demonstrating that the
adrenals of the pregnant guinea-pig can be hyperstimulated as those of pregnant
mouse (Barlow et al., 1975, 1976) or pregnant rat (Ward and Weiss, 1980).
Hence, the high plasma cortisol levels observed during pregnancy do not block
the hypothalamo-hypophyseal axis. In the guinea-pig, maternal stress increased
plasma cortisol in mothers as well as in fetuses, and the absolute differences
between the two pools remain stable due to increased transfer from mother to
fetus (Dalle and Delost, 1976, 1979).
During stress, a release of adrenaline generally occurs (Frankenhaeuser,
19711. In guinea-pigs stressed on day 60 of pregnancy, a drop in liver glycogen
was observed,
probably as a consequence of glycogenolysis induced by
catecholamines.
After stress, a slight hypoglycemia was observed simultaneously with the
cortisol increase. This could be the result of the stimulation of insulin release by
corticosteroid increase (Perley and Kipnis, 1966) and/or of the permissive effect
of corticosteroids on the action of insulin on tissue receptors.
No changes in maternal liver glycogen were observed on day 67 of
pregnancy. In fact, at this stage of pregnancy, the mother seemed to be under
permanent stress due to prepartum labor. Indeed, the induction of parturition had
begun since about 24 h (lllingworth et al., 1974). In this strain, prepartum labor
lasts at least 2 dayt (Dalle, unpublished observations), and it is possible that
adrenaline would no longer be secreted, as in the case of recurring and iterative
stress (Mikulaj et al., 1974 ; Kvetnansky et al., 1977 ; Burchfield, 1979). The
decrease in the intensity of adrenal response to stress at this stage of pregnancy
seems logical ; in fact, the efficiency of adrenal response to stress has often been
demonstrated to be inversely related to the intensity of the stimulation before
stress, as shown in guinea-pig by Viru and Akke (1969).
Maternal stress induced an increase in plasma cortisol in fetuses. Fetal liver
glycogen, which is usually very low at 60 days, was strongly increased after
stress. The importance of this well-known glycogenic effect of glucocorticoids
(Dorsey and Munck, 1962) could indicate that specific membrane receptors for
cortisol (whose presence was shown in the last stage of intra-uterine life by
Giannopoulos, 1975) are functional on day 60 in guinea-pig fetuses. Moreover,
the fetal liver in this species would already possess mature enzymatic equipment
for glycogen synthesis.

In the mother, the glycogenolytic effect of adrenaline dominated the
glycogenic effect of corticosteroids ; on the contrary, in the fetus, the
considerable increase of liver glycogen content after maternal stress indicates that
catecholamines had no significant effect on fetal liver glycogen, whether due to

the fact that stress did not induce adrenaline release in the fetus or that
adrenaline did not cross the placenta. Indeed, it has been demonstrated in several
species that the amounts of catecholamines which might cross the placenta are
negligible and immediately catabolized (for a review, see Anton, 1979).
At the end of pregnancy, blood glucose levels are similar and tend to become
identical near term in guinea-pig mothers and fetuses (Hard et al., 1944 ; Dalle
and Delost, 1976). At delivery, female guinea-pigs stressed on day 60
demonstrated a slight hyperglycemia (+ 15 %1. Glucocorticoid excess, produced
by stress, may induce a long-term diabetogenic effect which could be due to a
decrease of either the number or the sensitivity of insulin receptors (Olefsky et al.,
1975 ; Kahn et al., 1978). A stress applied near term to the pregnant female
seemed to change neither glycogenesis intensity nor glycemia regulation in the
newborn.
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Résumé.

Effets d’un stress psychosomatique appliqué à la fin de la gestation sur les taux
de corüsol et les teneurs hépatiques en glycogène de la mère et du foetus

plasmatiques

chez le cobaye.
Les taux plasmatiques de cortisol et les teneurs hépatiques en glycogène ont été mesurés chez le cobaye (mère, foetus et nouveau-né) après un stress appliqué aux 60
e et
67e jours de gestation (la parturition se produisant le 68
e jour). Le stress consistait dans le
maintien à l’obscurité pendant 3 h, avec déclenchement d’un éclair d’intensité 75 J toutes
les 10 secondes. Par rapport aux témoins, le stress augmentait le cortisol plasmatique à la
fois chez la mère et le foetus. Tandis qu’il diminuait le taux de glycogène hépatique chez la
mère le 60e jour, il augmentait ce taux chez le foetus. La glycémie diminuait chez la mère
après le stress, cependant qu’à la mise-bas les femelles précédemment soumises au stress
le 60&dquo; jour manifestaient une hyperglycémie.
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