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SUMMARY

Maternal and fetal serum insulin and HGH responses to glucose,
leucine, and glucose plus leucine were examined by infusions to
pregnant women at term immediately before cesarean section.
Leucine (15 gm.) with glucose (50 gm.) administered for 30 minutes
to the mothers stimulates markedly maternal and fetal insulin secretion while infusion of glucose (50 gm.) causes a lower insulin
response. When infusing glucose alone we noted that the duration
rather than the degree of hyperglycemia determined the fetal insulin response. In fact, when glucose is given to the mother for 60
minutes the fetal insulin response is higher than when the same
dose is infused for 30 minutes. Maternal infusion of leucine (15
gm.) for 30 minutes elicits only a very slight increase of insulin
secretion in the mother and no change in the fetus. None of the
infusions causes any alteration whatsoever in either maternal or
fetal HGH secretion. DJABETES25:545-49, July, 1976.

We have shown that a mixture of essential amino
acids given over a period of 30 minutes stimulates
insulin secretion in the premature infant.1 When ar-.
ginine is given alone to premature 2 and term infants3
it causes a modest rise in insulin levels, but when this
amino acid is infused with glucose these two stimuli
have a synergistic effect and produce a large serum
insulin response.2 A similar synergism is observed between glucose and a mixture of essential amino acids. 4
These amino acids, with or without glucose, stimulate
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trast, most studies show that the neonatal pancreas
responds poorly to an increase of blood glucose
concentration. 5
To further extend these studies, both maternal and
fetal insulin and HGH response were determined by
infusing glucose or leucine, with or without glucose,
into normal pregnant women at term undergoing
cesarean section. Leucine was chosen as it is an insulinogenic amino acid that also causes a small rise in
serum HGH in the adult. 6 7
While carrying out this study we kept in mind that
neither maternal nor fetal H G H 8 and insulin 9 cross
the placenta.
METHODS
Sixty-three pregnant women who underwent
cesarean section consented to participate in this study.
Such sections were done for the following reasons: (1)
previous, sections—42 patients, (2) disproportion
—five patients, (3) transverse lie—10 patients, (4)
advanced age of the mother—six patients. None had a
history of diabetes or were obese. They were chosen
because the fetuses didn't undergo the stress of labor.
All studies were performed in the morning after
18-20 hours' fast. A 20-gauge needle was placed in
the right antecubital vein, and one of the following
substances was administered: (1) glucose, 50 gm.; (2)
L-leucine, 15 gm.; (3) glucose, 50 gm. plus L-leucine
15 gm.; (4) saline. Glucose was administered as a 10
per cent solution. When glucose was mixed with
L-leucine, 100 ml. of the 50 per cent glucose was
added to 750 ml. of the amino acid solution. The
infusion lasted 30 minutes and was synchronized so
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RESULTS
Effects

of maternal

for 30 minutes

infusion

of saline or leucine (15

on mother and fetus

( f i g u r e 1). A f t e r

gm.)
infu-

sion of either saline (n= 12) or leucine (n=4) to the
mothers no significant alteration in maternal or fetal
glucose levels was noted. While leucine brought
about a small rise in the maternal serum insulin at 30
minutes, saline had no effect at all. At delivery, umbilical blood glucose, serum insulin, and HGH were
61 ± 3 mg. per 100 ml. (mean ± S.E.M.), 9 ± 2
fxU. per ml., and 15 ± 2 ng. per ml. in the saline
control group; 70 ± 2 mg. per 100 ml., 15 ± 2 LIU.
per ml., and 24 ± 5 ng. per ml. in the leucine-infused
group. The mean body weight of the infants born to
the mothers infused with saline was 3,445 ± 150
gm.; with leucine 3,405 ± 25 gm. In the mothers

UMBILICAL
CORD

infused with saline, blood glucose was 79 — 3 mg.
per 100 ml. at 0 minutes and 84 ± 3 mg. per 100 ml.
at 30 minutes, while serum insulin and HGH were
respectively 8 ± 1 /xU. per ml. and 6 ± 0.3 ng. per
ml. at 0 minutes and 7 ± 1 /xU. per ml. and 6 ± 0.3
per ml. at 30 minutes. In the mothers infused with
leucine, blood glucose was 82 ± 5 mg. per 100 ml. at
0 minutes and 88 ± 5 mg. per 100 ml. at 30 minutes, while serum insulin and HGH were respectively 9 ± 2 /xU. per ml. and 7 ± 2 ng. per ml. at 0
minutes and 18 ± 2 /xU. per ml. and 7 ± 2 ng. per
ml. at 30 minutes.
Effects of maternal infusion of glucose (50 gm.) for 30
minutes on mother and fetus (figure 1). The fetal and

maternal pancreas responded to glucose stimulus with
an increase of insulin output. At delivery after this
administration of glucose to the mothers (n— 11) the
serum insulin was 26 ± 6 /xU. per ml., while the
blood glucose was 236 ± 6 mg. per 100 ml. in the
umbilical blood. This insulin level was significantly
higher than that in the control group (p less than
0.01). The fetal serum HGH was 20 ± 3 ng. per ml.
and did not differ significantly from that of the control group. The mean body weight of the infants was
3,385 ± 123 gm. At 30 minutes the maternal serum
insulin level during the infusion rose from a control
level of 9 ± 2 to 70 ± 14 /xU. per ml., while the
blood glucose rose from 84 ± 7 to 333 — 5 mg. per
100 ml. At delivery maternal serum insulin was 59 ±
10 fjdJ. per ml. and the blood glucose was 293 ± 9
mg. per 100 ml. The serum HGH was 6 ± 0.5 ng.
per ml. at 0 minutes and 6 ± 0.5 and 7 ± 0.7 ng. per
ml. at 30 minutes and at delivery, respectively.
Effects of maternal infusion of glucose (50 gm.) with
leucine (15 gm.) for 30 minutes on mother and fetus (figure

1). A potent stimulus of fetal and maternal pancreatic
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Comparison of maternal and fetal blood
glucose and serum insulin levels ( ±
S.E.M.) in pregnant women at term infused
for 3 0 minutes with saline ( • - - - • ) ,
leucine (A—k), glucose ( • — 0 ) , or glucose
in combination with leucine (0—0).
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that birth occurred 10 minutes after it ended. In nine
patients the administration of glucose lasted 60 minutes, and in 10 others saline was infused for the same
duration as a control. None of the mothers or the
newborns suffered any ill-effect from the infusion of
these substances. Maternal venous blood samples were
taken at 0 and 30 minutes, and at 60 minutes from
those infused for that length of time. Maternal venous
and fetal umbilical mixed blood samples were obtained simultaneously at delivery.
All mothers received the premedication of atropine
and promethazine. Anesthesia was induced by
thiopenthal sodium and maintained by 50 per cent
nitrous oxide and 50 per cent oxygen and succinylcholine.
Blood glucose was determined by a glucose oxidase
method. Serum insulin and HGH were determined in
triplicate by radioimmunoassay methods. 1011
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Effects of maternal infusion of glucose (50 gm.) or saline
for 60 minutes on mother andfetus (figure 2). On infusion
of 50 gm. of glucose for 60 minutes, a high fetal
insulin response was seen. In fact, in the umbilical
blood the serum insulin was 46 ± 8 /xU. per ml. FIG. 2. Comparison of maternal and fetal blood glucose and
serum insulin levels ( ± S.E.AA.) in pregnant women at term
while the blood glucose was 187 ± 1 3 mg. per 100
infused for 60 minutes with saline (0—0) or glucose
ml. Although this mean serum insulin level was lower
than that in the fetuses of the mothers receiving glucose plus leucine for 30 minutes, there was no statisti100 ml. at 0 minutes and 82 ± 4 mg. per 100 ml. at
cal difference. However, this insulin value was signifi60 minutes. Serum insulin and HGH were, respeccantly higher than seen when the same amount of
tively, 16 ± 3 /u,U. per ml. and 7 ± 0.5 ng. per ml.
glucose was infused for 30 minutes (p less than 0.05)
at 0 minutes and 13 ± 2 (AJ. per ml. and 7 ± 0.4 ng.
while the blood glucose was lower (p less than 0.01).
per ml. at 60 minutes.
The serum HGH in the umbilical blood was 23 ± 4
ng. per ml. and did not differ from that in the control
group. The mean body weight of the infants was
DISCUSSION
3,340 ± 1 1 3 gm. During the infusion the maternal
serum insulin level rose from a control level of 17 ± 3
The present data provide evidence that leucine with
to 82 ± 13 £<,U. per ml. while the blood glucose glucose administered to pregnant women at term,
increased from 77 ± 3 to 237 ± 9 mg. per 100 ml. at immediately before cesarean section, is a potent
60 minutes. At delivery maternal serum insulin was stimulus of maternal and fetal insulin secretion. After
55 ± 11 £iU. per ml. and blood glucose was 207 ±
administering glucose the insulin response is lower in
11 mg. per 100 ml. The serum HGH was 6 ± 0.7 per
both. Our dose of leucine alone causes only a very
ml. at 0 minutes and 6 ± 0.7 and 8 ± 1 ng. per ml.
slight increase of insulin secretion in the mother and
at 60 minutes and at delivery, respectively.
no change in the fetus. None of the infusions cause
The maternal infusion of saline (n— 10) did not any alteration whatsoever in either maternal or fetal
HGH levels.
cause any significant alteration in blood glucose,
serum insulin, and HGH in either mother and fetus.
The question of whether there are any changes in
At delivery the umbilical blood glucose, serum insu- the pattern of insulin and HGH release during preglin, and HGH were 64 ± 3 mg. per ml., 12 ± 2 [x\J.
nancy has been investigated by several authors. It has
per ml., and 26 ± 4 ng. per ml., respectively. The
been reported that the plasma insulin response to an
mean body weight of the infants was 3,290 ± 127
intravenous glucose load augments during the last 18
gm. The maternal blood glucose was 72 ± 3 mg. per weeks of pregnancy 1 2 1 3 The infusion of arginine
JULY,
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insulin secretion followed the maternal infusion of
glucose in combination with leucine (n— 17). At delivery our results showed that the serum insulin was
88 ± 15 £iU. per ml. and the blood glucose was 157
± 5 mg. per 100 ml. in the umbilical blood. This
insulin value was significantly higher than that in
fetuses of the mothers receiving glucose alone (p less
than 0.01). The serum HGH in the umbilical blood
was 22 ± 4 ng. per ml. and did not differ from that of
the control group. The mean body weight of the infants was 3,495 ± 92 gm. During the infusion the
maternal serum insulin rose from a control level of 16
± 4 to 202 ± 2 5 jttU. per ml. while the blood glucose
increased from 74 ± 3 to 242 ± 8 mg. per 100 ml. at
30 minutes. At delivery maternal serum insulin was
165 ± 30 fjiU. per ml. and blood glucose was 187 ±
7 mg. per 100 ml. The serum HGH was 8 ± 0.6 ng.
per ml. at 0 minutes and 8 ± 0.6 and 9 ± 0.8 ng. per
ml. at 60 minutes and at delivery, respectively.
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than that in fetuses of the mothers receiving glucose
plus leucine, it was not statistically different.
The data concerning the role of amino acids on
insulin and HGH secretion in the fetus are conflicting. It has been reported that isolated human fetal
pancreatic tissue from 14 to 20 weeks of gestation releases insulin when incubated with leucine or arginine
but not with glucose. 24 Mintz et al. 2 5 on infusing
monkey fetuses observed that a mixture of essential
amino acids causes an increase of insulin secretion,
while arginine and glucose do not. The infusion of
arginine to pregnant women early in gestation or at
term during active labor does not cause any significant
serum insulin rise in their fetuses. 26 Contrastingly,
studies have shown that the infusion of this amino
acid to pregnant women at term prior to the onset of
labor provokes a small but significant increase in fetal
plasma insulin. 27 In the neonate, leucine appears an
ineffective stimulant of insulin secretion. 28 Comparisons between our data and those of the literature are
difficult to draw. This could be due to the different
technics of studying insulin release in the fetus and/or
the selection of the amino acid used. In fact, it is
known that the mechanism by which leucine induces
insulin release from the pancreatic islets differs from
that of other essential amino acids. 29 In the premature
infant it has been shown that glucose and amino acids
are synergistic in their insulin-stimulatory action. 4
Hopkins et a l . 3 0 3 1 on studying placental transport of
free amino acids in animals have demonstrated that
the branched-chain neutral amino acids, such as
leucine, belonging to the "L-preferring" group of
Christensen are the most readily transported across the
placental membranes.
HGH is present in the human fetus at an early stage
of gestation, and high levels of this hormone in the
fetus and newborn have been reported. 32 At term following maternal glucose infusion, a fall in fetal
plasma HGH has been shown by some authors, 2 8 3 3
while the administration of arginine provokes a small
rise in the secretion of this hormone in some fetuses. 28
The plasma HGH concentration of fetal monkeys does
not change in response to glucose or arginine. 34 In our
studies no appreciable alteration has been noted after
any of our infusions. It should be pointed out that
HGH is extremely variable in the fetus and that in our
control groups it ranged from 5 to 5 1 ng. per ml.
Conclusions must be guarded owing to this liability.
As our studies were carried out on pregnant women
after a long fast, we do not know what effect this has
on fetal insulin and HGH secretion. However, it
could be suggested that some amino acids, such as
leucine, with glucose may contribute to the regulation
DIABETES, VOL. 25, NO. 7
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causes an attenuated insulin response in early pregnancy that improves as term approaches,14 while the
ingestion of leucine elicits a rise in plasma insulin
concentration similar to that found in nonpregnant
women. 15 As in normal subjects, 16 the simultaneous
administration of glucose and leucine to our patients
causes an increase in serum insulin greater than does
the separate infusion of these substances. The higher
levels of serum insulin observed during the administration of the glucose-leucine mixture are not the result of a greater increase in blood glucose. In fact,
during the infusion of the glucose-amino acid mixture, the blood glucose levels are lower than when
glucose is infused alone.
The absence of HGH response to the leucine with
glucose infusion in our pregnant women was foreseen.
In normal subjects, the release of this hormone induced by the intravenous infusion of essential amino
acids is suppressed by the administration of glucose. 17
In our patients, when leucine is given alone, the dose
is probably too small to cause any alteration in HGH
secretion, and, moreover, no increase was noted because our studies lasted only 40 minutes. It is known
that the increase in HGH release in normal subjects is
seen after 60 minutes. 7 Futhermore, pregnant women
show a sluggish HGH secretory response to most
stimuli in the last trimester of pregnancy. 1418
Previous studies have demonstrated that early in
pregnancy (13 to 26 weeks' gestation) fetal insulin
response to maternal hyperglycemia is negligible. 919
By term the fetus in utero is capable of responding to
maternal hyperglycemia with an elevation of serum
insulin, though the responses are attenuated compared
with those of adults. 20 In the present study we noted
that the duration, rather than the degree of hyperglycemia, determined the fetal insulin response. In fact,
when glucose is given to the mother for 60 minutes,
the fetal insulin response is higher, despite the lower
blood glucose, than when the same dose is infused for
30 minutes. After giving a rapid glucose infusion to
normal women in labor, Cordero et al. 2 1 observed an
increase in fetal blood glucose that declined slowly,
and a delayed increase in serum insulin. The highest
insulin values are reached approximately 60 minutes
after the glucose peak. This has been reported by other
authors. 2 2 2 3 Apparently the normal fetus adapts to a
rapid increment in its blood glucose level with a
gradual increase in insulin secretion.
The administration of glucose with leucine to our
pregnant women provokes an even greater fetal insulin
response. However, it must be underlined that, even
if the mean fetal serum insulin level following a
60-minute maternal infusion of glucose was lower
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of fetal insulin secretion. Recently it has been demonstrated that the intravenous administration of alanine
to normal women during labor causes fetal glucagon
secretion.
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