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There is still no general agreement whether
the fetal pancreas releases insulin in response
to hyperglycemia. Insulin secretion by the
fetal sheep pancreas has been observed by
Alexander ef al. (1) following a glucose infu-
sion into the fetal circulation. Conversely,
Willes ef al. (2) have reported that injections
of fructose or glucose to sheep fetuses did
not stimulate insulin release. The present
study was carried out to determine whether
the rapid infusion of glucose or fructose into
the fetal circulation provokes a rise in fetal
plasma insulin levels in animals not subject-
ed to operative or anesthetic stress.

Materials and Methods. Eight Dorset or
Western ewes (fasted 3 days prior to surgery
and bearing singlets of known gestational
age) were prepared for surgery as described
by Meschia ef al. (3). Two catheters were
placed in the fetal circulation, one for the
injection of solutions and the other for with-
drawal of blood samples. The injection
catheters were never used to obtain blood
samples for analysis. Catheter sites in the
fetus were either the umbilical vein and um-
bilical artery or the femoral vein and artery.
Maternal catheter sites were the uterine vein
and/or the femoral artery. The ewes were
permitted a minimum of 15 hr recovery after
surgery prior to experimentation.

Catheters were kept patent by daily irriga-
tion with dilute heparin in saline (1000
units/ml). During the first hour prior to
hexose injection, up to five control samples
(1 to 1.5 ml) were taken not less than 5 min
apart. Injections of either fructose or glucose

1 Supported in part by NIH Grants HD 00781,
HD 01866, and HD 02455.

were given as 20 g/100 ml solutions (2 g/kg
estimated fetal body wt). Fetal weight was
estimated by palpation of the uterus at the
time of surgery, as well as from the postcon-
ceptual age. The injections were made at a
rate of 5 ml/min through a Millipore filter
(HA 0.45 1). Total volumes injected ranged
from 20 to 50 ml as a function of estimated
fetal weight. The injection catheter was
flushed with not more than 1 ml of isotonic
saline solution following hexose injection. Af-
ter injection, 1- to 1.5-m! blood samples were
collected in heparinized syringes, every 5 to
10 min for the first 30 min and then hourly
from the end of injection time. A postinjec-
tion sample was obtained the following day.

Whole blood samples were immediately
prepared and analyzed by the methods of
Saifer and Gerstenfeld (4) for glucose, and
Yaphe and Arsenault (5) for fructose. The
glucose-oxidase reagent (Glucostat) was ob-
tained from the Worthington Biochemical
Corporation (Freehold, N.J.). Blood for plas-
ma insulin analysis was kept in a 5° ice bath
until all samples were obtained. Plasma sam-
ples were then stored at —15° until the time
for analysis.

Fetal and maternal sheep plasma insulin
concentrations were determined by a modifi-
cation of the method of Morgan and Lazarow
(6), using a sheep insulin standard supplied
by Eli Lilly and Co. Known insulin concen-
trations in human sheep plasmas were mea-
sured in the assays as a check on repeatabil-
ity.

Results. A total of eight fetuses ranging in
gestational age from 110 days to term (147
days) were studied. Fourteen fructose injec-
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TABLE I, Summary of Estimated Gestational
Age at Time of Study and Carbohydrate Infused.

Estimated gesta-
Fetusno, tionalage (days) Carbohydrateinfused
1 122 Fructose
134 Fructose
143 Fructose
2 120 Fruetose
122 Fruetose
126 Fructose
3 120 Fruetose
127 Fruetose
134 Fructose
136 Glucose
143 Glucose
145 Fructose
4 123 Glucose
126 Glucose
133 Fructose
5 110 Fructose
121 Glueose
6 120 Gluecose
122 Fructose
7 119 Glucose
121 Fructose
8 137 Glucose

tions were done in seven of the fetuses and
eight glucose injections in six of the fetuses.
The time from fetal surgery to the experi-
mental period varied from the first to the
twenty-ninth postoperative days. Table I lists
the estimated gestational ages at which the
fetuses were studied for each of the two car-
bohydrates.

After a fructose infusion into the fetal cir-
culation, there was an increase in fetal plas-
ma insulin concentration and a small but
consistent decrease in fetal plasma glucose
concentration. The data obtained in fetus
No. 4 are presented in Fig. 1. In animal No.
2, which was the only preparation in which
both the mother and fetus became progres-
sively more hypoglycemic, the fetal plasma
insulin response occurred in only the first of
three fructose infusions. In all of the fetuses
studied, there were no significant changes in
maternal blood fructose, glucose or plasma
insulin concentrations as a result of fetal
fructose infusions.
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After a glucose infusion into the fetal cir-
culation there was, in every case, a marked
increase in fetal plasma insulin concentration
and in fetal blood fructose concentration.
Figure 2 presents the data obtained in fetus
No. 8. There were no significant changes in
maternal blood glucose, fructose, or plasma
insulin concentrations following glucose injec-
tion into the fetuses. Exogenous glucose was a
more potent stimulant of fetal insulin re-
lease than exogenous fructose, as judged by
the maximum insulin reponse for either car-
bohydrate infusion. The mean = SE max-
imum insulin response to fructose infusion in
all fetuses was 21.9 = 2.9 pU/ml, and for
glucose was 66.9 == 9.1 uU/ml. These mean
insulin concentrations were significantly diff-
erent (p<0.001). Pooled fetal plasma insulin
concentrations before and after glucose in-
jection are shown in Fig. 3. Insulin controls,
insulin concentrations after glucose injection,
and maximum insulin values are differenti-
ated in Fig. 3. All maximum insulin concen-
trations after glucose infusion occurred with-
in 50 min after injection. Since all peaks
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Fic. 1. Fetal arterial blood glucose and fructose
concentrations and fetal arterial plasma insulin con-
centrations are shown before and after the injection
of a fructose solution (20 g/100 ml).
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Fic. 2. Fetal arterial blood glucose and fructose
concentrations and fetal arterial plasma insulin con-
centrations are shown before and after the injection
of a glucose solution (20 g/100 ml).

occurred above 30 wU/ml and all control
values were below 20 xU/ml, the increase of
fetal plasma insulin concentrations above
control levels following glucose injection is
clearly demonstrated.

Fetus No. 3 was most intensively studied,
and the data on this animal are presented in
Fig. 4. This fetus received four fructose infu-
sions and two glucose infusions during the
period from 118 to 145 days of gestational
age, following which the fetus was born alive
and well. After each carbohydrate infusion,
there is a clearly demonstrable insulin peak
which is much greater following glucose infu-
sions than fructose infusions. The increase in
blood fructose concentration in the fetus fol-
lowing the infusion of glucose is also clearly
seen.

Discussion. There are many conflicting re-
ports in the literature concerning the insulin
response of the mammalian fetus to an in-
duced hyperglycemia. Some of these differ-
ences may be due to the fact that different
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species have been studied; however, two pre-
vious studies of carbohydrate infusions into
the fetal circulation of sheep also show dis-
similar results. One study by Willes et al. (2)
utilized a surgical preparation similar to
ours; that is, surgery was carried out on the
fetus for the implantation of catheters, the
animal was allowed to recover from surgery,
and on subsequent days the carbohydrate in-
fusions were carried out. These investigators
found no insulin response to the infusion of
glucose into the fetal circulation at a dosage
of 0.5 to 1 g/kg. In addition, they found no
elevation of fetal blood fructose concentra-
tion following the glucose infusions. In con-
trast, a recent study by Alexander et al. (1)
utilizing acute animal preparations (that is,
studying the infusion of carbohydrates into
the fetal circulation while the pregnant ani-
mal was still under surgical stress) showed a
clear-cut insulin response to fetal hyperglyce-
mia in two of three animals. Our studies,
carried out in chronic preparations over the
last 35 days of gestation, confirm that glucose
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Fic. 3. Fetal arterial plasma insulin concentrations
before and after glucose injections into the fetus
are shown. The data were obtained during 8
glucose injections into 6 fetuses.
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F1c. 4. Fetal arterial blood glucose and fructose
concentrations and fetal arterial plasma insulin con-
centrations are shown. The gestational age at which
the 4 fructose injections (F) and 2 glucose injections
(G) were done in this fetus is shown.

or fructose infusions into the fetal circula-
tion cause a rise in plasma insulin concentra-
tion in the fetus. Furthermore, we have
confirmed the findings of Huggett ef al. (7),
in acute animal preparations; i.e., that the
infusion of glucose into the sheep fetus leads
to a significant elevation of fetal blood fruc-
tose concentration. Previously we had shown,
in the same type of preparation used in this
study, that the injection of exogenous insulin
into the fetal circulation increases fetal glu-
cose utilization (8). Thus, according to our
data, the sheep fetus is able to respond to an
increased insulin concentration by increasing
glucose utilization and responds to hypergly-
cemia by an increase in plasma insulin con-
centration,

There is no ready explanation for the dis-
similarity of results reported in the literature.
Immaturity of the fetal pancreas and of the

975

fetal endocrine system has been invoked to
explain either the lack or the delay of insulin
reponse. In order to be valid, this explana-
tion must assume large differences in the rate
of maturation of sheep fetuses. For example,
in our experiments we have observed an
insulin response to glucose infusion at 119
days of gestational age, whereas in the exper-
iments of Willes ef al. (2) and in one experi-
ment reported by Alexander et al. (1), no
response was observed in fetuses older than
140 days. An alternative hypothesis might be
that the stress associated with surgery, anes-
thesia, and injection of a large volume of
fluids at room temperature into the fetal cir-
culation was sufficiently severe in certain ex-
periments to block the insulin response.

Summary. Twenty g/100 ml of glucose or
fructose solutions at a dose of 2 g/kg were
injected into the fetal circulation of pregnant
sheep over a gestational age range from 110
days to term. Fourteen fructose injections
and 8 glucose injections were carried out in a
total of eight fetuses. Fetal plasma insulin
concentrations increased significantly after ei-
ther fructose or glucose injections. After glu-
cose injection, the rise in fetal plasma insulin
concentration was most marked and fructose
concentrations in the fetal circulation in-
creased.
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