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Summary. Increased plasma pancreatic glucagon concentrations
have been reported during various states of decreased glucose tol-
erance. /n vitro studies have demonstrated that human somato-
mammotropin stimulates glucagon release. The present investiga-
tion aimed at evaluating the role of plasma glucagon in the insulin
resistance associated with normal pregnancy. Postprandial samples
of plasma were obtained from 156 pregnant women between the
5th and the 40th week of pregnancy and were assayed for blood
glucose, plasma insulin, glucagon and free fatty acids. Plasma insu-
lin showed a gradual increase during pregnancy, and reached its
maximal values during the last trimester. A moderate but significant
increase in plasma glucagon was present between the 16th and the
28th week of gestation, whereas during the first and the last trimes-
ter of pregnancy its concentration was similar to that in non preg-

It has been well demonstrated that plasma glucagon
levels are abnormally high in most pathological condi-
tions characterized by reduced glucose tolerance (Re-
view in 1 and 2). Several arguments support the
theory that the reduced glucose tolerance under these
conditions is due, at least in part, to the elevated
glucagon levels [2]. It could thus be anticipated that
the insulin resistance seen in normal pregnant women
[3, 4, 5] is also aresult of abnormal glucagon secretion.
The grounds for this assumption is supported by the
observation that sommatomammotropin, or hPL,
stimulates glucagon secretion in the isolated perfused
rat pancreas [6]. In order to test this hypothesis, we
measured, in the first part of this study, plasma gluca-
gon levels in normal pregnant women. Glucagon se-
cretion is controlled by several factors, including
plasma glucose and free fatty acid (FFA) levels: high
concentrations of these two substrates exercise a ne-
gative feedback effect on glucagon secretion (review
in 7). Therefore, in the second part of this study, we
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nant women. Intravenous glucose tolerance was performed during
the last trimester and in a group of non pregnant control women.
The slight decrease in glucose tolerance and the marked hyper-
insulinemia associated with late pregnancy were accompanied
by a more rapid and more pronounced decrease in plasma glucagon.
A rapid and sustained decrease in glucagon was also observed when
plasma FFA were raised by the intravenous administration of a
triglyceride emulsion and heparin. These data suggest that glucagon
is not involved in the insulin resistance associated with normal
human pregnancy.
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investigated the effectiveness of these feedback sys-
tems during the last trimester of pregnancy.

Materials and Methods

1. One hundred and fifty six blood samples were
collected from 128 pregnant women at various stages
of pregnancy (from the fifth week to term). All these
women were of normal weight before pregnancy and
had a normal weight gain and no glycosuria during
pregnancy. No previous obstetrical or perinatal pa-
thology was present in the women studied. Thirteen
blood samples from 13 control women having a nor-
mal reproductive cycle were also collected. The mean
age/height/weight values (m + SEM) were as follows;
controls: 25 £ 1 yrs/164 = 1 cm/ 57 * 3 kg; first
trimester: 25 * 1 yrs/160 = 1 cm/57 * 2 kg; second
trimester: 27 * 2 yrs/155 = 1 cm/60 + 2 kg; third
trimester: 26 £ 1 yrs/157 = 1 cm/69 *+ 2 kg. The
control and pregnant women were paired for weight
(using the weight of the pregnant women before their
pregnancy): 57 (+ 3, SEM), for the controls and 57 (£
1, SEM) for the pregnant women. In all cases, blood
was drawn from an antecubital vein 2 to 4 hrs after a
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non-standardized lunch. The time of sampling was
determined by the fact that the antenatal outpatient
clinic takes place during the afternoon. The samples
were analyzed for blood glucose, plasma FFA, insulin
and glucagon (see below).

2. An intravenous glucose tolerance test IVGTT)
was performed in 12 control and in 8 normal pregnant
women during the last trimester of pregnancy. The
test was performed in the morning, following an over-
night fast. A glucose load of 0.33 g per kg of body
weight was injected into an antecubital vein, begin-
ning at time 0 and lasting 3 minutes. Blood was drawn
from an antecubital vein of the other arm at—15,0, 3,
3, 10, 20, 30, 40, 50 and 60 min relative to the begin-
ning of the glucose infusion. The average age of the
pregnant women in this group was 26.9 = 3.4 (SEM)
years and that of the control group was 23.4 = 1.8
(SEM) years.

3. An artificial rise in plasma FFAwas induced in six
normal pregnant women during the last trimester of
pregnancy, using a procedure previously described
[8]. Here again, the test was performed in the morning
after an overnight fast. Following a 15 min control
period, a lipid emulsion (Lipiphysan egic®, Montargis,
France) was infused into an antecubital vein at arate
of 1 ml/min for 75 min using a Braun Infusomat®.
Fifteen min after the start of the infusion, 5000 U of
Heparin® (Novo, Copenhagen) were injected intra-
venously in order to activate lipoprotein-lipase.
Venous blood was drawn from an antecubital vein of
the other arm at time 0 (before infusion) and 15, 30,
45, 60, 75, 90, 105, 120, 150 and 180 min after the
beginning of the infusion. The average age of the
pregnant women of this group was 25.3 + 3.8 years.

4. Assay procedures: Blood glucose was deter-
mined using Hoffman’s method [9] adapted to the
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Technicon Auto Analyzer. For free fatty acid and
hormonal determinations, 4.5 ml of blood were added
to a chilled tube which contained 0.5 ml of an aqueous
solution made with 5000 U of Trasylol® Bayer and 12
mg of Na,EDTA per ml. The tubes were kept in an
ice-cold bath until centrifugation, which was per-
formed using arefrigerated centrifuge. Plasmawasthen
separated and kept at —20°C. Plasma FFA levels
were measured using the method of Dole and Mei-
nertz [10]. Plasma insulin was assayed in duplicate
using a modification [11] of the radioimmunoassay
procedure of Hales and Randle [12]. Plasma glucagon
was determined in duplicate using a procedure pre-
viously described [13] using antiserum 30 K, kindly
provided by Dr. R.H. Unger (Dallas), which is con-
sidered to be specific for glucagon’.

5. Statistical methods [15]: The Student’s-+test for
non-paired data was used to determine the statistical
significance of the differences observed in the concen-
trations of substances in the samples obtained from
controls and from pregnant women at the various
stages of pregnancy. The same method was used in the
analysis of the data obtained from the IVGTT. The
Student’s-#test for paired data obtained from each
subject’s time zero measurements was used in the
Lipiphysan® heparin experiments. The probability
values were taken from two-tailed tables and only the
values of p < 0.05 were considered significant.

! Antiserum 30K was long considered to be “specific for pan-
creatic glucagon” since it did not cross-react to a significant degree
with the gut-glucagon-like immunoreactive material or enteroglu-
cagon present in gut extracts. It is now well established that antise-
rum 30K also reacts with a material present in certain parts of the
gastrointestinal tract, mainly the antrum of the stomach, and which
is, by all criteria used, indistinguishable from pancreatic glucagon
[14].

Table 1. Blood glucose, plasma glucagon, insulin and free fatty acid (FFA) levels in nonpregnant
control women (controls) and in pregnant women at various stages of pregnancy”

Pregnant Women: Weeks of Pregnancy

Controls 5th to 16th 17th to 28th 29th to 40th
Blood glucose® 64.1+1.6 87.2 £ 3.0¢ 81.9 £ L.7¢ 83.7 +2.14
mg/100ml (13) 47) (54) (55)
Plasma glucagon® 98.7 £ 17.6 1155+£9.2 146.9 £ 12.1° 97.2 £ 8.8
pg/mi 9 (35) (43) (51) i
Plasma insulin® 49 £ 1.1 14.6 = 1.74 20.8 £ 2,19 249 + 2.7
uwU/ml (13) 39 47 “44)
Plasma FFA® 396 + 105 414 + 26 425 + 24 452 + 24
uEq/! 8) “1n (45) 48)

¢ All samples were collected 2—4 hours following lunch
® All results are expressed as mean = standard error of the mean (SEM); the number of samples

is indicated in parentheses

¢ corresponds to p < 0.05 and ¢ to p < 0.01 versus controls
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Results

1. Changes in Metabolic and Hormonal Variables
Associated with Pregnancy

In the non-pregnant control women, the average
blood glucose level measured 2—4 hrs following lunch
was 64.1 mg/100 ml (= 1.6, SEM); while the plasma
FFA, insulin and glucagon levels were 396 pEq/l (+
105, SEM), 4.9 nU/ml (£ 1.1, SEM) and 98.7 pg/ml
(£ 17.6, SEM) respectively.

Table 1 shows that under similar conditions, blood
glucose values obtained from pregnant women were
slightly but significantly higher than those of the con-
trols throughout pregnancy, while plasma FFA values
were essentially similar. Plasma insulin rose progres-
sively during pregnancy and reached its maximum
during the last trimester. As also shown in Table 1,
the average glucagon values obtained during the Sth
to 16th week or the 29th to 40th week of pregnancy
did not differ significantly from the levels found in
non-pregnant women. However, the glucagon values

obtained during the 17th to 28th week of pregnancy:

were significantly increased. The average of all the
plasma glucagon values obtained during this period
from the pregnant group was 146.9 = 12.1 pg/ml
(n = 43), which is significantly higher than that of the
control group (p < 0.05) and that of the pregnant
women during the first (p < 0.02) or the third tri-
mester (p < 0.001). The insulin: glucagon molar ratio
rose progressively during pregnancy; it equalled 1.19
in the control group, while in the pregnant group it was
3.03 in the first, 3.40 in the second, and 6.15 in the last
trimester.

2. Intravenous Glucose Tolerance Test (IVGTT)
Studies

The results of these studies are illustrated in Fig. 1.
The peak blood glucose values after IVGTT were
significantly higher in the pregnant than in the control
group (271 + 14 mg/100 ml versus 197 + 11 mg/100
ml respectively, p < 0.001). The glucose assimilation
coefficients K[16] were not statistically different: 1.55
+ 0.16 (SEM) in the control versus 1.84 + 0.21
(SEM) in the pregnant group. As shown in Fig. 1, the
insulin response to intravenous glucose was much
higher in the pregnant than in the control group. The
decreases in plasma FFA levels were similar in both
groups and no significant differences were recorded.
In the control group glucose injection was followed
by a gradual decline in plasma glucagon levels, which
reached its nadir (50% of the initial value) at the
40th minute of the test. In contrast, glucagon
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Fig. 1. Changes in blood glucose, plasma insulin, glucagon and FFA
induced by intravenous glucose (0.33 g/kg body weight) in 12
control (0—o) and 8 pregnant (e—s) women. Results are expressed
as mean *+ standard error of the mean (SEM) XXX, XX and X
correspond to p < 0.01, 0.02 and 0.05 respectively. Because of wide
individual variations, data of plasma glucagon are reported as % of
basal values. Mean basal plasma glucagon valuesaveraged 108.7 +
14.6 (SEM) and 105.3 % 26.2 (SEM) pg/ml in control and pregnant
group, respectively

Table 2. Mean insulin: glucagon molar ratios® during intravenous
glucose tolerance test in non-pregnant control women and in preg-
nant women during the last trimester of pregnancy

Time (minutes) 0 3 10 20 30 40 50 60

25 79 74 59 57 6147 41
2.7 30.7 28.1 31.9 22.5 16.2 6.9 9.4

Control Women
Pregnant Women

® The insulin: glucagon molar ratios were calculated on the
average insulin and glucagon plasma concentrations at each time of
the test according to the formula
1:G = g?;‘;ggl}“g;ni X 23.3; 23.3 corresponding to the
biological potency of the human insulin used as standard: 23.3 U
per mg.
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levels decreased more rapidly and to a greater extent
in pregnant women, as the lowest value equalled 32%
of the initial value and was reached at the 20th minute.
The fasting insulin: glucagon molar ratio was similar in
both groups (2.7 in the pregnant versus 2.5 in the
control group); following glucose administration the
ratio rose to a significantly greater degree in the preg-
nant group (Table 2).

3. Triglyceride-Heparin Infusion Studies

The results of these investigations are depicted in
Fig. 2. The infusion of the lipid emulsion for 15 min
before heparin administration in pregnant women
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Fig. 2. Changes in plasma FFA, glucagon, insulin and blood glucose
induced in 6 pregnant women by the intravenous infusion of Lipi-
physan® (1 ml/min from 0 to 75 min) supplemented with 5000 U
intravenous heparin 15 min after the perfusion was begun. Results
are expressed as mean + standard error of the mean (SEM). The
Student’s-+test for paired data obtained from each subject’s time 0
measurement was used. XXX, X X and X correspond to p < 0.001,
0.01 and 0.02 respectively
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caused only an insignificant rise in plasma FFA and
did not affect plasma glucagon levels. However, when
5000 U of heparin were injected intravenously, a
rapid, significant and prolonged increase in FFA lev-
els was observed, reaching an average value of about
2200 pEq/] and remaining significantly elevated until
the end of the observation period. This increase in
plasma FFA levels was associated with a clearcut and
significant decrease in peripheral plasma glucagon
levels. Plasma glucagon remained suppressed until the
FFA levels descended below 1200 uEq/l. Fig. 2 also
clearly illustrates the opposing changes in plasma FFA
and glucagon levels. Blood glucose and plasma insulin
were not significantly modified during the test.

Discussion and Conclusions

The first and only study thus far®on glucagon secre-
tion in relation with pregnancy in human beings was
recently reported by Daniel ez al. [17]. These authors
essentially showed [1] that plasma glucagon after an
overnight fast in normal women in late pregnancy
(30th to 40th week) was the same as that in age-mat-
ched, nongravid nullipara, [2] that following oral glu-
cose administration, plasma glucagon in normal sub-
jects fell to a greater degree antepartum than postpar-
tum and [3], that in gestational diabetics, oral glucose
also elicited suppression of glucagon antepartum,
whereas suppressibility was not seen postpartum. The
present study reports several new observations con-
cerning plasma glucagon values throughout normal
human pregnancy.

Our longitudinal survey of glucagon levels during
pregnancy showed that the plasma concentrations du-
ring the first and last trimester of pregnancy were
practically identical to those seen in non-pregnant
women. This observation suggests that glucagon plays
a small or insignificant role in the insulin resistance of
pregnancy and that hPL, whose secretion is maximal
during the last trimester of pregnancy, does not stimu-
late the A, cells under physiological conditions. A
modest but significant glucagon rise was noted only
during the second trimester, when neither insulin re-
sistance nor hPL concentrations have reached their
maximal values. It may be suggested that the trend
towards hyperglucagonemia is counteracted by the
increasing hyperinsulinemia during the third trimes-
ter. In rats, no change (in plasma glucagon) was seen

2 Part of the data published by Daniel er al. [17] were briefly
reported by Freinkel at the 8th Congress of the International Dia-
betes Federation and summarized in the corresponding Proceedings

[31].
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in fed pregnant animals at midgestation, but a signifi-
cant 40% increase was observed in late gestation [18].
Curiously, the glucagon response to alanine in preg-
nancy was nearly sevenfold greater than in control fed
rats, but pregnancy entirely eliminated the glucagon
response to fasting hypoglycemia [18].

Another conclusion of the present study is that
intravenous administration of glucose induced a more
rapid and more profound reduction in plasma gluca-
gon concentrations in pregnant than in non-pregnant
~ women. Like Daniel ef al. [17], we suggest that this
increased suppressibility of circulating glucagon may
be linked to the exaggerated hyperglycemia and
hyperinsulinemia that occur during the glucose toler-
ance ‘test in late pregnancy. These data lend further
support to the concept that insulin plays an important
role in the physiologic sensitivity of the A-cell to glu-
cose [1,2,19,20]. The hyperinsulinism, hypersuppres-
sibility of glucagon and the consequently elevated in-
sulin: glucagon molar ratio can be interpreted tele-
ologically as an attempt by the maternal organism to
increase its energy stores and thus maintain its own
anabolic activities, compensating in this way for the
“accelerated starvation” [21], due to the transfer of
substrates to the foetus, which occurs in theinterpran-
dial periods. Metzger et al. [22] alsofound a raised I:G
molar ratio in pregnant well nourished rats when
compared with non-pregnant controls. This was like-
wise interpreted as a way of maintaining the mother’s
energy stores, since it is known that chronic admini-
stration of glucagon increases catabolism in pregnant
[23—24] as well as in non-gravid animals [25]. .

Finally, our data suggest that, in pregnancy,
changes in circulating FFA levels affect glucagon se-
cretion in a manner similar to the one reported under
other conditions in vitro[1,26,27] and in vivo, in dogs
[1, 28, 29] and humans [30].
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