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There are numerous reports showing that a
newborn rat does not mobilize ACTH upon
the administration of various stressful stimuli
(1-9). In this young animal, however, the
adrenal is responsive to exogenous ACTH.
Moreover, the pituitary glands of such ani-
mals contain physiologically active ACTH,
which can be secreted under certain circum-
stances (10, 11). It has been argued, there-
fore, that in this species the hypothalamic
regulatory mechanisms are not completely
functional at birth (12). According to anoth-
er view (3) this unreactivity might be due in
fact not to hypofunction but to hyperfunc-
tion of the axis. This hyperfunction could be
the result in part of the stress of parturition
or of the sudden onset of new conditions of
extrauterine life.

In this early period of rat life even the
peripheral tissues do not exhibit normal reac-
tivity toward the administration of some hor-
mones, Thus, for example, newhorn rat shows
an extreme resistance to the action of cor-
tical steroids (13). Furthermore, a power-
ful lymphocytolytic hormone—cortisol only
slightly reduces the weight of the newborn
rat lympatic organs (N. Avdalovic, unpub-
lished). It appears, therefore, that besides the
studies of the rat pituitary—adrenal respon-
siveness in the early postnatal period, a care-
ful investigation of the peripheral tissue reac-
tivity is indicated.

The present experiments were designed to
determine whether or not fasting newborn rat
could accululate glycogen in the liver follow-
ing the administration of cortisol. The first
series of experiments deals with the measure-
ments of fetal liver glycogen under normal as
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well as under changed hormonal and nutri-
tional eonditions. From the present work evi-
dence is presented that fetal and newborn rat
are fully capable of synthesizing glycogen
from dietary sources. Also, results obtained
show that cortisol-treated newborn rats do
not accumulate glycogen in the liver during
fasting.

Materials and Methods. Random bred al-
bino rats of Wistar origin were used through-
out the experiments. The time of conception
was determined by the following procedure:
at 6 p.m. five females, 2-3 months old, were
put in the cage together with one male rat, a
proved breeder. On the following morning at
7 am. all the female rats were examined. A
copious finding of live spermatozoa in the
vaginal smear was accepted as a positive sign
of conception. The day of positive vaginal
findings were considered as the first day of
pregnancy. On the day of delivery half of the
litter was used as a control group and the
other half for experimental. Only 6 babies
were left with their mothers in order to main-
tain a constancy of litter size during the
experiment. Adrenalectomy was performed
under light ether anesthesia using a dorsal
approach (14). Liver glycogen was deter-
mined according to the method of Seifter ef
al. (15). Cortisol was administered to new-
born rats 3 times a day. (Cortisol was sup-
plied from Prolek-Beograd as a microcrystal-
linic suspension.)

Results. Glycogen concentration in fetal
and neonatal rat livers. Early in gestation the
glycogen concentration tends to be so low
that it could not be measured by the method
used. The fetal animal starts to accumulate
large amounts of glycogen in the latter part
of gestation (Fig. 1). During the last 2 days
of intrauterine life liver glycogen is approx-
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Fic. 1. Glycogen accumulation in the fetal and
neonatal livers: Each point represents the mean -+
standard error from 15 to 20 individual determina-
tions.

imately 10-12% of the wet weight of the
organ. Values of this magnitude are rarely
seen in normally fed adult rats. The liver
glycogen concentration falls very rapidly af-
ter birth in spite of the fact that all newborn
rats had, without exception, a full stomach of
milk (Fig. 1). It remains low for 1 or 2
weeks and then rises gradually toward the
adult levels, Regularly fed pregnant mothers
have a liver glycogen level that is about
3-4% of liver weight (Fig. 1).

Adrenalectomy of pregnant mothers and its
effect on the fetal liver glycogen content.
Adrenalectomy was performed at various
stages of pregnancy. The results of the exper-
iment on mothers adrenalectomized at 13th
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day of gestation are presented in Table I. Tt
is evident that the adrenal gland of the moth-
er contributes to some extent to the ultimate
level of fetal liver glycogen. However, the
rapid accumulation at the end of pregnancy
is still preserved in spite of the adrenalectomy.

The eflfect of fasting and feeding during
gestation on the fetal liver glycogen. At vari-
ous stages of pregnancy, rats were fasted for
48 hr. The control group was in the same
stage of gestation but animals had free access
to food. Both groups of rats were killed at
the same time and the fetal livers were com-
pared for glycogen content. It is obvious
from data in Table II that fasting of preg-

TABLE 1[. Liver Glycogen in Fetuses from Fed
and Fasted Pregnant Rats.

Liver glycogen
(mg/g of tissue wet wt)*

Day of
gestation Fed mothers® Fasted mothers® P

18 4.10 + 0.63 0.14 =+ 0.04 <0.001
(8)¢ (13)

20 30.20 + 4.88 9.12 + 1.38 <0.001
(N 9

21 65.29 + 2.13 37.33 + 3.02 <0.001
(20) (14

@ Values are means + SE.

® Pregnant rats fed ad libitum,

¢ Pregnant rats fasted for 48 hr.

¢ Number of animals is shown in parentheses.

nant animals produced a significant decrease
in fetal liver glycogen content, although at
the end of pregnancy fetal glycogen was still
above or at least within the range of liver
glycogen in normally fed adult rats. The
phenomenon of abrupt rise is still preserved
and the only difference exists in the ultimate
degree of glycogen accumulation.

In view of the rapid and free exchange of

TABLE I. Liver Glycogen Levels in Fetuses from Intact Pregnant Rats and Those Adrenalec-
tomized at Day 13 of Gestation.

No. of Day of Liver glycogen
Group animals gestation (mg/g of tissue wet wt)® P
Adrenalectomized pregnant rats 21 22 61.50 3 2.51
Intact pregnant rats 10 22 96.39 + 4.03 <0.01

= Values are means + SE. All rats were killed at day 22 of pregnancy.
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F1c. 2. Response of the rat to cortisol administration (3 X daily, 1 mg/100 g of body wt during
48 hr): At varying intervals young rats belonging to the same litter were divided into two groups.
Both groups were fasted for 48 hr but only one received cortisol. Each point represents the mean

from 20 to 30 individual livers.

glucose between fetus and mother (16), this
result points to an extraordinary autonomy of
the fetal liver. This autonomy is clearly
manifested in the fact that the fetal rat suc-
ceeds in maintaining a very high liver gly-
cogen concentration under the conditions
when, concomitantly, there is not detectable
glycogen in the liver of the mother,

Effect of cortisol administration on the liv-
er glycogen content during the early neonatal
period. In order to determine whether
peripheral tissues could be activated by the
exogenous administration of corticosteroids
during early postnatal life, the following ex-
periments were performed: young rats belong-
ing to the same litter were divided into two
groups at varying times after birth. Both
groups of rats were fasted for 48 hr but only
one group received 6 injections of cortisol.
The single dose was 1 mg/100 g of body
weight. This dose proved to be effective in
producing a substantial accumulation of gly-
cogens in fasting adult rats.

In young animals (Fig. 2), fasting pro-
voked a significant depletion of the liver gly-
cogen stores. Administration of cortisol in the
first week of extrauterine life, however, was
without effect as far as glycogen accumula-
tion was concerned. Liver glycogen rose very
quickly in fetuses which, upon fasting, were
returned to their mothers, In agreement with
data from the literature (17), this experi-

ment shows that during the first week of
neonatal life young animals are capable of
synthesizing and concentrating glycogen in
the liver from dietary sources. Meanwhile,
the capability to form glycogen upon corti-
sol administration becomes fully expressed
around days 14 to 21 after birth. This period
of time (days 21-22) corresponds to nor-
mal time of weaning.

Discussion. The present data are in agree-
ment with reports in the literature (16, 17),
and show that fetal rat is fully capable of
synthesizing liver glycogen during the last 5
days of intrauterine life. The degree of ac-
cumulation of fetal liver glycogen depends on
many factors such as the nutritional and
hormonal status of the mother (18). In the
present work, it was found that in the fasting
neonatal rat accumulation of liver glycogen
does not occur upon administration of cor-
tisol. The following explanations are sug-
gested: (a) Cortisol metabolism: A young rat
may be capable of metabolizing cortisol to a
greater extent than an adult rat. However,
since the turnover of cortisol in newborn ba-
bies is two to four times slower than in adults
(19), this is not the likely explanation. (b)
Impaired gluconeogenesis in newborn rats:
The unresponsiveness noted can not be at-
tributed to low activity of the gluconeogenic
pathway. Since in fact, an increased capacity
for glucogenesis compared with the adult
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has been reported in the neonatal animal
(20, 21). Furthermore, the principal glucone-
ogenic enzymes are present in the neonatal
liver in concentrations higher than in the
adult rat (22-24). The high activity of glu-
cose-6-phosphatase in this early period of rat
life is of importance as a possible explanation
of present results. Thus, it is possible that
the peripheral tissues of neonatal rat respond
to cortisol administration in the same man-
ner as adult tissues do, with the only differ-
ence being a greater conversion into free glu-
cose than into the glycogen. Consequently, in
spite of active gluconeogenesis there is no
detectable accumulation of glycogen in the
fasting, cortisol-treated newborn rats. (c)
Defective reactivity of peripheral tissues
toward cortisol: It might appear that the
finding of cortisol unresponsiveness in early
neonatal life is simply incompatible with the
fact that these animals have actually an in-
creased capacity for gluconeogenesis. Howev-
er, the capacity for gluconeogenesis may not
necessarily show a direct correlation to the
ability of cortisol in mobilizing the en-
dogenous substrates for gluconeogenesis.
Thus, while extrahepatic tissues are still un-
reactive, exogeneously supplied substrate
could promote the gluconeogenesis. Since
milk contains a rather high concentration of
necessary precursors, this above seems as a
very likely explanation. Milk is the only
source of the food in the first 2-3 weeks of
life in rats and, hence, these animals do not
receive the same supply of carbohydrates as
they used to get in utero. The neonatal rat
must be, therefore, in a state of intensive
synthesis of glucose from noncarbohydrates
precursors like amino acids and glycerol. In
this period, exogenously administered corti-
costeroids might not be able to mobilize
enough substrates for the otherwise hyperac-
tive gluconeogenic pathway.

Summary. The results are presented show-
ing the changes in the fetal liver glyco-
gen level during gestation of the rat. The
effect of the nutritional and hormonal status
of the pregnant mothers on the fetal liver
glycogen has been examined. It was found
that both of these factors influence the de-
gree of glycogen accumulation in the fetal
liver but do not change the pattern itself.
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Also, it was found that the fasting newborn
rat, treated with cortisol, does not accumulate
glycogen in the liver at any faster rate than
the control animals.

Sincere thanks are due to Drs. Bilic and Pokrajac
for helpful suggestions during preparation of the
manuscript.
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