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ABSTRACT. We have investigated the respective roles of 
insulin and glucagon in the initiation of hepatic glycogen 
degradation during the early postnatal period in rats, with 
special regard on the inhibitory effect of insulin on this 
process. Pregnant rats were rendered either slightly (8.5 
mM) or highly hyperglycemic (22 mM) by infusing glucose 
during the last week of pregnancy. Fasted, newborn rats 
were studied from delivery to 16 h postpartum. At birth, 
newborns from slightly hyperglycemic rats showed higher 
glvcemia and insulinemia and lower plasma glucagonemia - - 
compared with controls. Newborns from highly hypergly- 
cemic rats were still more hyperglycemic and exhibited low 
plasma glucagon concentrations, but they were not hyper- 
insulinemic. In control newborns, hepatic glycogen break- 
down was triggered by 2 h after delivery. By contrast, 
hyperglycemic-hyperinsulinemic newborns (newborns from 
slightly hyperglycemic rats) were unable to mobilize liver 
glycogen before 8-10 h after delivery. In hyperglycemic- 
normoinsulinemic newborns (newborns from highly hyper- 
glycemic rats), hepatic glycogen concentration significantly 
started to decline 2 h after delivery and was no longer 
different from controls at 8 h. Anti-insulin serum injection 
at delivery promoted a prompt decrease in liver glycogen 
stores in controls as well as in newborns from slightly 
hyperglycemic rats. Phosphorylase alsynthase a ratio rose 
rapidly after delivery in controls and in newborns from 
highly hyperglycemic rats (maximum 4 h), whereas in 
newborns from slightly hyperglycemic rats, it rose much 
more slowly than in the two other groups (maximum 16 
h). These data suggest that, in newborns from hypergly- 
cemic mothers, hyperinsulinemia during late fetal and early 
neonatal life is the main factor preventing postnatal hepatic 
glycogenolysis. (Pediatr Res 28: 646-651,1990) 

Abbreviations 

SH, slightly hyperglycemic 
HH, highly hyperglycemic 
IRI, immunoreactive insulin 
IRG, immunoreactive glucagon 

Because of the abrupt interruption of maternal glucose supply 
at birth, rapid adaptative changes are required to maintain 
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glucose homeostasis in newborn mammals. The breakdown of 
the large glycogen stores that have been accumulated in the fetal 
liver during late pregnancy represents the more rapidly available 
endogenous source of glucose (1, 2). 

Hepatic glycogen metabolism is primarily controlled by the 
respective concentrations of insulin and glucagon in the plasma 
(3), and it could be assumed that even a slight change in the 
secretion of one or both hormones during the fetal life may 
hamper the metabolic adaptation of the newborn to extrauterine 
life. This is suggested by the situation of infants of poorly 
controlled diabetic women in whom the severe postnatal hypo- 
glycemia is mainly due to defective glucose production (4). 

We have previously shown that newborn rats of dams rendered 
slightly hyperglycemic by continuous glucose infusion during the 
last third of pregnancy were hyperglycemic at birth, but were 
profoundly hypoglycemic in the early postnatal period. This 
hypoglycemia seemed to be due, in a major part, to a defective 
postnatal hepatic glycogen breakdown, in contrast to control 
newborns, which exhibited sustained postnatal hepatic glycogen- 
olysis (5 ) .  Concurrently, in newborns from hyperglycemic rats, 
the insulin/glucagon molar ratio was much higher than in control 
newborns, suggesting that impaired postnatal liver glycogenolysis 
could be related to an abnormal secretion of the two pancreatic 
hormones during the perinatal period. 

Using the same experimental model, we have investigated in 
our study the respective roles of insulin and glucagon in liver 
glycogen breakdown triggering, focussing on the possible inhibi- 
tory effect of hyperinsulinemia on this process. 

For this purpose, two experimental approaches have been used. 
1 )  Postnatal hepatic glycogenolysis was investigated in newborns 
from pregnant rats rendered either slightly hyperglycemic to 
induce hyperinsulinemia in the fetus at term, or highly hypergly- 
cemic to obtain fetal hyperglycemia without hyperinsulinemia. 
Indeed, it has been previously reported by us and by others that 
fetuses from moderately hyperglycemic pregnant rats were 
hyperinsulinemic at term (6, 7), whereas fetuses from severely 
hyperglycemic rats were either normoinsulinemic (7, 8) or 
hypoinsulinemic (6). 2) The effect of anti-insulin serum injection 
on liver glycogen concentration in newborn rats from slightly 
hyperglycemic and control pregnant rats was examined. 

MATERIALS AND METHODS 

Animals. Albino rats from the Wistar strain fed ad libitum a 
standard diet (UAR 1 13) were used. Three-mo-old virgin females 
weighing about 250 g were caged with one male for one night 
(1700 to 0900 h) and pregnancy was detected by abdominal 
palpation 13 d later. 

Dams were rendered hyperglycemic during the last third of 
pregnancy by continuous glucose infusion under unrestrained 
conditions as described previously (9), according to the technique 
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of Nicola'idis et al. ( 10). On d 13 of pregnancy, they were operated RESULTS 
on. The infusion started on d 15 of pregnancy and lasted until 
delivery. Hypertonic (30% wt/vol) sterile glucose (Chaix & Du- 
marais, Paris, France) was infused either at the initial rate of 30 
pL/min to produce slight hyperglycemia (SH rats) or at the rate 
of 50 pL/min to obtain high hyperglycemia (HH rats). When 
necessary, initial infusion rates were modified during the infusion 
period to maintain glycemia in the desired ranges. Control rats 
were infused with a glucose-free solution. Blood glucose levels 
fluctuated between 8.5 and 1 I mM in slightly hyperglycemic 
dams and between 22 and 28 mM in highly hyperglycemic 
pregnant rats. Rats in which glycemia did not stay in these ranges 
were discarded. 

Because precise timing of birth and sampling was wanted, 
newborns were obtained by cesarean section on d 21.5 of preg- 
nancy (duration of pregnancy 22 d -+ 6 h) after cervical disloca- 
tion of the mother. Two newborns of each litter were immedi- 
ately killed after sampling and the remaining newborns were 
transferred to an incubator in a humid atmosphere (relative 
humidity at 70%; Memmert, Schwabach, FRG) and maintained 
at 37°C. Newborns from a given litter were studied in a sequential 
way-two newborns were killed every 2 h-so that each data 
point is the mean of values from different litters. For newborns 
of highly hyperglycemic dams, the hormonal study was limited 
to the 6 postnatal h. 

Some newborns from control and glucose-infused dams were 
injected intraperitoneally just after delivery with 100 pL of either 
1/1000 diluted guinea pig anti-insulin serum or normal guinea 
pig serum. One hundred pL of the diluted anti-insulin serum 
had an insulin neutralizing capacity of 6 nM. Newborns were 
killed 2 h after this treatment. 

Blood samples. Plasma glucose of infused pregnant rats was 
measured twice daily using a semiquantitative method (Haemo- 
glukotest; Boehringer, Mannheim, FRG) on blood samples col- 
lected from the tail vein. 

In newborns, blood samples were collected sequentially from 
the axillary vessels in microtubes cooled in ice water. They were 
centrifuged and the plasma was separated. Glycemia was deter- 
mined on a 10-pL aliquot and the remainder of the sample was 
kept at -20°C until RIA for insulin and glucagon. Upon com- 
pletion of blood collection (at most, 30 s), the liver was rapidly 
removed, weighed, and cut up into three pieces that were frozen 
in liquid nitrogen for glycogen, glycogen synthase, and glycogen 
phosphorylase determinations. 

Biochemical methods. Plasma glucose was determined by the 
glucose-oxidase technique with a glucose analyzer (Beckman, 
Palo Alto, CA). 

Plasma IRI was estimated using purified rat insulin as standard 
(R- 17 1 -Novo, Copenhagen, Denmark), an antibody to a mixture 
of porcine and bovine insulin, monoiodinated 1251-insulin. Char- 
coal was used to separate free from bound hormone. The lower 
limit of the assay was 35 pM with a coefficient of variation within 
and between assays of 10%. 

Plasma IRG was measured on unextracted samples using 
porcine monoiodinated 1251-glucagon as tracer, and a charcoal- 
dextran technique. The coefficients of variation were the same 
as for plasma IRI determination. 

Liver glycogen concentration was determined by the amylo- 
glucosidase technique of Roehrig and Allred ( 1  1) and was ex- 
pressed as mg/g of liver. 

Glycogen synthase (EC 2.4.1.1 1) and glycogen phosphorylase 
(EC 2.4.1.1) activities were measured according to the methods 
of Hue et al. (12) and Stalmans et al. (13), respectively, which 
allow one to measure separately glycogen synthase a and glycogen 
synthase a + b on one hand and glycogen phosphorylase a and 
glycogen phosphorylase a + b on the other. 

Results are expressed as means f SEM. Significance of differ- 
ences between means were evaluated by a two-way analysis of 
variance. 

Effect of glucose infusion on pregnant rats. Hyperglycemia was 
maintained in pregnant rats throughout the period of infusion 
with glucose. As determined by the semiquantitative method, 
three groups could clearly be distinguished: I )  rats infused with 
the glucose-free solution (controls), the glycemia of which was 
between 4.5 and 5.5 mM; 2) rats infused with glucose at a low 
rate (SH), which exhibited a glycemia between 8.5 and 1 I mM; 
and 3) rats infused with glucose at a high rate (HH), which were 
markedly hyperglycemic (between 22 and 28 mM). This was 
confirmed by the plasma glucose concentration precisely meas- 
ured in the pregnant rats before removal of the fetuses (4.55 f 
0.16 mM, n = 20 for controls; 9.52 -+ 0.45 mM, n = 17 for SH 
rats; 24.42 f 0.67 mM, n = 16 for HH rats). The differences 
between the three groups were highly significant (p  < d.00 1). 

Hyperglycemia was related to high plasma insulin concentra- 
tions (2754 a 252 pM, n = 17 for SH rats; 5376 f 362 pM, n = 
16 for HH rats) compared with control rats (558 k 54 pM, n = 
20). All the differences were significant. 

Effect of Gestational Hyperglycemia on Glucose Metabolism 
in Newborns. Perinatal mortality. No difference between the 
three groups was observed in the frequency of stillbirths (controls: 
10.5%, n = 60; newborns from SH rats: 11 %, n = 70; newborns 
from HH rats: 12.5%, n = 55). During the first 2 h after birth, 
the mortality was increased 2-fold in newborns from SH mothers 
(I 1 %) compared with controls (4.5%) and newborns from HH 
mothers (5%). Beyond that period, all newborns survived. 

Plasma glucose levels. Maternal hyperglycemia was reflected 
in the plasma glucose concentration of the newborns. At birth, 
plasma glucose level was significantly higher in newborns from 
SH rats than in controls and was significantly increased in 
newborns from H H  rats compared with the two other groups 
(Fig. 1). In the three groups of newborns, glycemia fell rapidly 
after birth over the first 2 h. This decrease led to severe hypogly- 
cemia in newborns from SH rats and, to a lesser extent, in control 
newborns, but not in newborns from HH rats, which remained 
hyperglycemic 2 h after birth. Afterwards, glycemia rose in 
controls and in newborns from SH rats and decreased in new- 
borns from HH rats to reach normal values at 6 h. It remained 
stable until 16 h in newborns from SH rats, whereas it strikingly 
decreased in the other two groups (Fig. 1). 

Plasma hormone concentrations. At delivery, plasma IRI was 
2-fold increased in newborns from SH mothers, as compared 
with controls, whereas it was not significantly increased in new- 
borns from HH rats, despite marked hyperglycemia. Insulinemia 
dramatically fell over the first 2 h and onward in all newborns. 
However, it remained higher in newborns from SH mothers than 
in controls at 2 and 4 h after birth (Fig. 2). 

At delivery, plasma IRG was much lower in newborns from 
SH and HH rats than in controls. It increased acutely immedi- 
ately after birth in controls and then decreased between 30 min 
and 6 h. In newborns from SH rats, the postnatal surge of 
glucagon was attenuated compared with that in controls, but it 
evolved similarly until 6 h. Thereafter, plasma glucagon concen- 
tration increased until 16 h, slightly in newborns from SH 
mothers and strongly in controls. The difference between both 
groups was highly significant ( p  < 0.001). The immediate post- 
natal surge of glucagon was abolished in newborns from HH 
mothers, in which the concentration of the hormone slightly 
increased between 2 and 6 h (Fig. 3). Thus, the newborns from 
HH rats were characterized during the 6 h after delivery by a 
near normal time course of insulinemia with rather low glucagon 
concentration. The determination of plasma IRI and IRG con- 
centrations was limited to the first 6 postnatal h in these new- 
borns because the postnatal time course of both hormones and 
glycogen content was similar in controls and newborns from HH 
rats, so that data on insulinemia and glucagonemia after 6 h in 
the latter group would not provide further information about 
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Fig. 1.  Time course of plasma glucose (upper panel) and liver glyco- 
gen (lower panel) concentrations in control newborns ( 0 ) ,  newborns 
from slightly hyperglycemic rats (O) ,  and newborns from highly hyper- 
glycemic rats ( A ) .  Each data point represents the mean + SEM of 20-25 
observations. *** p < 0.00 1 ; ** p < 0.0 1; * p < 0.05, significantly different 
from controls. *** p < 0.001; ** p < 0.01; * p < 0.05, significant 
difference between newborns from SH rats and newborns from HH rats. 

Fig. 2. Plasma insulin evolution in control newborns ( 0 ) ,  newborns 
from SH rats ( O ) ,  and newborns from HH rats ( A ) .  The values are the 
mean + SEM of 40-50 observations. *** p < 0.001; ** p < 0.01; * p < 
0.05, significantly different from controls. *** p < 0.001; * p < 0.05, 
significant difference between newborns from SH rats and newborns 
from HH rats. 

the effect of hyperinsulinemia on  the impairment of postnatal 
hepatic glycogen breakdown. 

Hepatic glycogen concentration. At delivery, liver glycogen 
concentration was higher in  newborns from S H  and H H  rats 
than in controls. After birth, it decreased dramatically in  controls. 
It was reduced by 50% of the initial content a t  6 h and it was 
almost completely exhausted at  16 h. The situation was strikingly 

TIME (hours  ) 

Fig. 3. Plasma glucagon evolution in control newborns ( 0 ) ,  newborns 
from SH rats ( 0 )  and newborns from HH rats ( A ) .  The values are the 
mean k SEM of 15-20 observations. *** p < 0.00 1; ** p < 0.0 I; * p < 
0.05, significantly different from controls. *** p < 0.001; ** p < 0.01, 
significant difference between newborns from SH rats and newborns 
from HH rats. 

synthase 
(nmoies.min-1 .mg prot- 1 ) 

Time (hours) 

Fig. 4. Glycogen synthase a and total glycogen synthase activities 
from delivery to 16 h postpartum in control newborns (O), newborns 
from SH rats (B), and newborns from HH rats (N). Each bar represents 
the mean ? SEM of 10-15 observations. a,  glycogen synthase a; t ,  
glycogen synthase a + b. 

different in newborns from SH rats. Hepatic glycogen did not 
fall during the first 8 postnatal h, and at  16 h, its concentration 
still represented about 30% of the initial value. In newborns 
from H H  rats, hepatic glycogen concentration regularly de- 
creased after birth, but remained higher than in controls until 6 
h. Thereafter, no significant difference persisted with the control 
group (Fig. I). 

Glycogen synthase activity. In all groups of newborns, glycogen 
synthase a activity was already very low at  birth and decreased 
over the postnatal period (Fig. 4). Therefore, glycogen synthase 
was essentially in its inactive form from delivery to  16 h post- 
partum in control newborns as well as in  newborns of hypergly- 
cemic rats. 

Glycogen phosphorylase activity. In control newborns, total 
glycogen phosphorylase activity slightly increased 2 h after deliv- 
ery and then did not change afterwards. In the three groups of 
newborns, glycogen phosphorylase was essentially in  its active 
form. In controls, phosphorylase a activity rose more rapidly 
than in newborns from H H  rats and still more than in newborns 
from S H  rats. It decreased between 4 and 16 h. A similar pattern 
was observed in newborns from HH rats. In newborns from SH 
rats, the time course of phosphorylase activity was different from 
the two other groups. It did not significantly increase at 2 h after 
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delivery and remained lower than in newborns from control and 
HH rats during the early postnatal period. Afterwards, it in- 
creased continuously to its maximum at 16 h, i.e. at a time when 
it was minimal in the other two groups (Fig. 5). 

Finally, the phosphorylase alsynthase a ratio was low at deliv- 
ery in all groups of newborns, although at this time phosphorylase 
activity was already much higher than synthase activity (Fig. 6). 
It rose rapidly until 4 h in controls and in newborns from HH 
rats. Afterwards, it decreased to a low at 16 h. In newborns from 
SH rats, it rose much more slowly than in the other two groups, 
but was very high at 16 h. 

Effect of anti-insulin serum injection on plasma glucose and 
liver glycogen concentrations. Newborn rats from control and SH 
rats injected with control guinea pig serum showed no significant 
difference at 2 h after birth in liver glycogen concentration 
compared with untreated newborns from control and SH moth- 
ers, respectively. By contrast, injection of anti-insulin serum 
immediately after delivery produced a significant fall in liver 
glycogen concentration at 2 h in control newborns as well as in 

phosphorylase 
(nmoles.min-l.mg 

prot-1) 

Time (hours) 

Fig. 5. Glycogen phosphorylase a and total glycogen phosphorylase 
activities from delivery to 16 h postpartum in control newborns (O), 
newborns from SH rats (El), and newborns from HH rats (R). Each bar 
represents the mean + SEM of 10-1 5 observations. a, glycogen phospho- 
rylase a; I, glycogen phosphorylase a + b. 

7 - 1  

b i 4 6 k i 0  16 

TIME (hours) 

Fig. 6. Glycogen phosphorylase a/glycogen synthase a ratio from 
delivery to 16 h postpartum in control newborns (0), newborns from SH 
rats (O), and newborns from HH rats (A). The values are the mean + 
SEM of 15-20 observations. *** p < 0.001; ** p < 0.01; * p < 0.05, 
significantly different from controls. 

newborns from SH rats. In both groups of anti-insulin serum- 
injected newborns, liver glycogen concentration was similar at 
2 h. 

In both groups of newborn rats injected with anti-insulin 
serum, the decrease in liver glycogen concentration at 2 h cor- 
responded to an increase in plasma glucose concentration when 
compared with untreated newborns (Table 1). 

DISCUSSION 

Time course of plasma pancreatic hormone concentration after 
delivery. According to its magnitude, gestational hyperglycemia 
had quite different effects on plasma insulin concentrations in 
the newborns. Compared with controls, newborns from SH rats 
developed marked hyperinsulinemia, in agreement with many 
other reports demonstrating hyperinsulinemia in full-term fe- 
tuses from either mildly diabetic mothers (reviewed in 14) or 
slightly hyperglycemic mothers (7, 17). By contrast, high gesta- 
tional hyperglycemia failed to increase plasma insulin concentra- 
tion in the newborn rats. This confirms our previous studies ( 5 ,  
7) and is in agreement with the results obtained by others, i.e. 
when maternal diabetes was severe, plasma insulin levels in term 
fetuses have been reported to be unchanged (8) or decreased (6) 
compared with those in controls. 

A relationship could be observed between plasma glucose and 
plasma glucagon concentrations. Plasma glucagon was very low 
at delivery in both groups of hyperglycemic newborns. Moreover, 
30 min after birth, it increased to a lesser extent in newborns 
from SH mothers and did not increase at all in newborns from 
HH mothers when compared with controls. It is noteworthy that 
in newborns from HH rats, plasma glucagon rose progressively 
from 30 min to 6 h after delivery concomitantly with the decrease 
of plasma glucose concentration. These data confirm that the A 
cell of the endocrine pancreas is sensitive to chronic variations 
of plasma glucose concentration during the fetal and postnatal 
periods in agreement with our previous studies (5, 9). It is also 
in accordance with clinical data showing impaired glucagon 
secretion in newborns from diabetic mothers (1 5- 17). 

Plasma glucose and hepatic glycogen concentrations. High 
plasma insulin and low plasma glucagon levels were observed at 
delivery and during the very early postnatal period in newborns 
from SH rats. This is consistent with the postnatal fall of plasma 
glucose concentration. Nevertheless, hypoglycemia was corrected 
by 4-6 h after delivery as in controls, indicating a concomitant 
development of hepatic glucose production. The rapid postnatal 
mobilization of hepatic glycogen stores in control newborns 

Table 1. Effect of guinea pig normal or anti-insulin serum 
injection at delivery on plasma glucose and hepatic glycogen 

concentrations 2 h after delivery* 
Plasma glucose Hepatic glycogen 

(mM) (mn/n) 

Control newborns 
At delivery 3.08 a 0.17 (20) 85 + 5 (20) 
2 h postpartum 
Normal serum 1.68 + 0.34 (10) 61 a 7 (10) 
Anti-insulin serum 4.82 + 0.56 (9)t 37 + 6 (10)t 

Newborns from SH rats 
At delivery 9.63 + 0.61 (25)$ 105 + 9 (25)§ 
2 h postpartum 
Normal serum 1.06 + 0.28 (12)11 98 + 1 1  (12) 
Anti-insulin serum 5.04 + 0.55 (lo)? 40 5 (lo)? 

* Data are presented as means + SEM. The number of observations 
is in parentheses. 

t p < 0.00 1. Significant difference between normal serum-treated and 
anti-insulin serum-treated newborns. 

$ p < 0.00 1.  Significantly different from controls. 
§ p < 0.05. Significantly different from controls. 
1 1  p < 0.01. Significantly different from controls. 
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argues, as suggested by previous studies (1, 2, 18, 19), for a main 
role for postnatal glycogen breakdown in restoring euglycemia 
rapidly after delivery. By contrast, in newborns from SH rats, 
the rise of glycemia from 2 h after delivery cannot be explained 
by this process because hepatic glycogen concentration, which 
was very high at delivery, as in other studies (20, 21), remained 
very high during the early postnatal period and failed to signifi- 
cantly decrease from 0 to 8 h after delivery. We have previously 
shown that hepatic gluconeogenesis developed prematurely in 
newborn rats from hyperglycemic mothers and contributed in 
large part to the restoration of euglycemia by 4-6 h after birth 
(5). 

When these data are taken together, the time course of plasma 
glucose concentration during the 16 postnatal h in newborns 
from SH and control rats can be explained in the following way: 
in control newborns, rapid and sustained hepatic glycogenolysis 
allows near-euglycemia until 8-10 h postpartum. Afterwards, the 
sharp decrease of plasma glucose concentration is related to the 
exhaustion of liver glycogen stores that cannot be compensated 
for by hepatic gluconeogenesis, which is deficient in the fasting 
newborn rat (22, 23). In newborns from SH rats, sparing of liver 
glycogen stores due to faulty early glycogenolysis and the delayed 
initiation of glycogen breakdown are likely responsible for the 
absence of a significant decrease of plasma glucose concentration 
between 10 and 16 h postpartum. 

Role of insulin and glucagon in initiation of liver glycogen 
breakdown. The fall in the insulin/glucagon molar ratio, which 
was observed during the early postnatal period in the newborn 
rat in many previous studies (reviewed in 14), as well as in the 
present one, is supposed to play the main role in glycogen 
breakdown triggering (reviewed in 19). Previous studies have 
shown that when the insulin/glucagon molar ratio was abnor- 
mally high in full-term rats and when its postnatal decrease was 
prevented, such as in offspring of slightly hyperglycemic (5) or 
mildly diabetic rats (24), postnatal glycogen breakdown was 
impaired ( 5 ,  24). However, under these conditions, the insuffi- 
cient decrease of insulin/glucagon ratio resulted from both per- 
sistent hyperinsulinemia and the lack of increase of plasma 
glucagon concentration. Therefore, it was very difficult to deter- 
mine the respective importance of the two hormones. In our 
study, several lines of evidence indicate that high plasma insulin 
levels at delivery and during the early postnatal period impair 
hepatic glycogenolysis. The first evidence is provided by the fact 
that in newborns from HH rats, which were normoinsulinemic, 
hepatic glycogen concentration was rapidly decreased after deliv- 
ery and reached values similar to those in controls from 8 h 
onward, despite the fact that plasma glucose levels remained 
higher and plasma glucagon remained lower than in controls 
until 10 h postpartum. The crucial role played by hyperinsu- 
linemia in preventing glycogen breakdown is also supported by 
the ability of anti-insulin serum injected at delivery to promote 
a prompt decrease in liver glycogen concentration, not only in 
control newborns, as in previous studies (25), but also in new- 
borns of SH rats. 

Note that, in newborns from HH rats, hepatic glycogen con- 
centration, although significantly decreased compared with new- 
borns from SH rats, remained higher than in controls until 6 h 
after delivery. This situation is probably related to the concomi- 
tant high plasma glucose concentration exhibited by newborns 
from HH rats. It is well known that glucose may influence hepatic 
glycogen metabolism independently of its ability to stimulate 
insulin secretion and, especially via its inhibitory effect on phos- 
phorylase activity, in the absence of a significant change of insulin 
concentration (reviewed in 26). 

Enzymes of glycogen metabolism. Glycogen synthase and gly- 
cogen phosphorylase are the two rate-limiting enzymes of gly- 
cogen metabolism. Both enzymes exist in active (synthase a and 
phosphorylase a) and inactive (synthase b and phosphorylase b) 
forms. Many studies on the control of glycogen metabolism in 
the liver have indicated that the rates of glycogen synthesis and 

degradation are proportional to the concentration of active gly- 
cogen synthase and active glycogen phosphorylase, respectively 
(27, 28). Insulin and glucagon are the main hormones involved 
in regulation of synthase and phosphorylase activities in the adult 
as well as in the fetal and newborn rat liver (29,30). In our study, 
the time course of liver glycogen concentration after delivery was 
fitted rather well to the evolution of the activities of both en- 
zymes. Phosphorylase a/synthase a ratio was lower at delivery 
than during the postnatal period in all groups of newborns in 
relation with high hepatic glycogen concentrations. However, at 
this time, glycogen phosphorylase activity was already higher 
than glycogen synthase activity, in accordance with previous 
observations that showed that immediately before parturition, 
glycogen synthase activity normally declines and glycogen phos- 
phorylase rapidly increases (2 1, 3 1). In newborns from control 
and, to a lesser extent, HH rats, phosphorylase a/synthase a ratio 
rose rapidly after delivery to reach a maximum at 4 h that 
corresponds to the higher rate of glycogen degradation. By con- 
trast, in newborns from SH rats, it rose much more slowly than 
in the two other groups and was at its maximum at 16 h, 
corresponding to delayed glycogenolysis in these newborns. 

In conclusion, hyperinsulinemia during late fetal and very 
early neonatal life seems to be per se responsible for impaired 
postnatal glycogenolysis in newborns from SH mothers. Our data 
also suggest that a significant fall in plasma insulin concentration 
might be an absolute requirement for glycogen breakdown trig- 
gering in the newborn, whatever the level of the glycogenolytic 
"stimulus" (high plasma glucagon and low plasma glucose con- 
centrations). 
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