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Insulin Effect on Fetal Glucose Utilization 
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Summary pedal arterial catheter was advanced iust beyond the femoral 

Insulin infused into a sheep fetus over a 3-hr period at the 
rate of -0.24 U. kg-'. h-I increased fetal glucose uptake (utili- 
zation) from 4.4 + 0.7 mg.min-l.kg-l to 6.9 + 0.9 
mg.min-l.kg-l as compared to a noninsulin control period. 
Insulin administration did not alter fetal oxygen consumption 
(8.6 + 0.7 mlamin-I. kg-' vs. 7.7 2 0.7 mlamin-'- kg-'), 
umbilical blood flow (220 + 1 mlemin-'-kg-' vs. 209 + 16 
ml min-I. kg-'), or the placental clearances of antipyrine (114 
+ 7 ml. min-I kg-' vs. 109 + 8ml- min-I kg-') and urea (24.5 
+ 2.2 mlemin-I. kg-' vs. 25.0 + 2.1 ml-min-'.kg1). Fetal 
plasma glucose concentration fell significantly (0.22 + 0.01 
mg.ml-I to 0.16 + 0.01 mg-ml-I) during insulin infusion. The 
insulin effect on fetal glucose uptake occurred over a range of 
maternal glucose concentrations (0.32 + 0.78 mg-ml-I), which 
were not altered by the infusion of insulin in the fetal compart- 
ment. 

Insulin has a specific effect on increasing fetal glucose uptake 
and utilization. 

Speculation 

The effect of insulin on increasing transplacental fetal glucose 
uptake is consistent with a growth-promoting role for insulin in 
the fetus. This action of insulin might be due to a direct effect 
of insulin on the mechanisms of placental glucose transport, to 
an alteration of placental glucose catabolism, or simply to the 
effect of insulin on the transplacental gradient of glucose. 

The injection of large doses of insulin into the fetal circulation 
has previously been shown to cause only minimal decreases in 
the concentration of fetal plasma glucose in both the rhesus 
monkey (5) and sheep (7). This observation has been considered 
as evidence that insulin may not control the rate of fetal glucose 
utilization. However, even a substantial increase in fetal glucose 
utilization might not have any dramatic effect on fetal glucose 
concentration if insulin administration simultaneously led to an 
increase transfer of glucose from placenta to fetus. Studies on 
the effect of insulin on the glucose uptake or metabolism of in 
vitro placenta have produced conflicting results (2, 18, 19). 
Thus, observations on the effect of insulin on glucose uptake 
into the umbilical circulation under stable in vivo conditions are 
of crucial importance in establishing whether or not insulin 
controls the rate of fetal glucose utilization. We now report 
evidence that the infusion bf insulin into the fetal circulation 
leads to an increase in glucose uptake and utilization by the 
fetus. 

MATERIALS AND METHODS 

irtery to sample the arterial blood "supply~ng the umbilical 
artery. The fetal pedal venous catheter was advanced to the 
femoral vein and was used for the constant antipyrine, urea, 
and insulin infusions. The animals were allowed to recover 
from surgery for a minimum of 4 days prior to any study 
period. Each animal was studied on two occasions within 24 hr. 
The sequence of control and insulin-infusion periods was varied 
among animals. 

During the control period baseline measurements of umbilical 
blood flow and antipyrine and urea placental clearances were 
made using the antipyrine and the urea steady state diffusion 
technique (13). Four simultaneous samples of umbilical venous 
(v) and arterial (a) blood were obtained at 15- to 20-min 
intervals and a venoarterial concentration difference for glucose ' 
calculated using whole blood glucose concentrations. Applying 
the Fick principle, glucose uptake and utilization (QG113 by the 
fetus was calculated as 

Q=,,, (mglmin) = umbilical whole blood (v-a) glucose (mglml) x 
umbilica1 blood flow (ml/min) 

A smiliar calculation was made to compute the oxygen consump 
tion of the fetus. 

During the insulin study period, the same measurements 
were repeated while the fetus was receiving a constant intrave- 
nous infusion of crystalline bovine zinc insulin (Eli Lilly and 
Co.). Based on an estimate of fetal weight at the time of 
surgery, the fetus was given a -0.1 p/kg priming dose followed 
by a constant infusion at a rate of -0.24 p/kg/hr over a 2.5- 
3.5-hr study period. This dose was calculated to approximate a 
plasma insulin concentration of 1 mU/ml (7). The sampling 
period was from 1.5-3.5 hr after beginning the insulin infusion. 

Antipyrine was measured on whole blood using a Technicon 
AutoAnalyzer (13). Urea was measured on plasma using the 
Beckman BUN analyzer urease method (16). Glucose was. 
measured on whole blood and plasma by a glucose oxidase 
method (16, 17). Statistical analyses were by the paired Stu- 
dent's t-test (15). 

RESULTS 

Comparison of insulin and control period measurements are 
shown in Table 1. Insulin administration had no significant 
effect on umbilical blood flow (0.15 < P < 0.2), antipyrine 
placental clearance (0.2 < P < 0.3), urea placental clearance 
(0.15 < P < 0.02), and fetal oxygen consumption (0.15 4 P < 
0.02). Insulin infusion led to a significant fall in fetal arterial 
plasma glucose concentration ( P  < 0.001), but had no effect 
on the maternal arterial elucose concentration (0.2 < P < 0.3). 

Mean glucose uptakg (utilization) by the'fetus increased 
during insulin infusion ( P  < 0.001). in the face of sienificant 
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Ten Western-bred ewes with gestations of 95 to 145 days had fetal hypoglycemia. Glucose uptake (utilization) increased under 
polyvinyl catheters placed in the fetal umbilical vein, a fetal the influence of insulin in each study animal. Previous studies 
pedal artery, a fetal pedal vein, and in the maternal femoral have demonstrated a positive correlation of fetal glucose uptake 
artery while under pentobarbital sedation (5 mg/kg) and Ponto- with the maternal arterial glucose concentration (1 1). Figure 1 
caine spinal anesthesia (6 mg in hyperbaric glucose). The fetal confirms the above finding and demonstrates that fetal glucose 
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Table 1. Cornparison of control to insulin infusion period1 

UBF, ml C a t  1 C ,,,, ,, ml min-'1 ilclu, mg min-'1 Q ( ~ ,  ml min-'1 
min-'/kg min-'/kg kg (A)Glu, mddl (a)Glu, mddl (A-a)Glu, mgldl kg kg 

Control 220 2 17 114 2 7 24.5 + 2.2 58.1 + 3.7 22.3 2 1.1 36.0 + 2.7 4.4 k 0.7 8.6 2 0.7 
Insulin infusion 209 + 16 109 + 8 25.0 + 2.1 55.9 + 5.4 15.9 2 1.3 40.5 2 4.1 6.9 2 0.9 7.7 2 0.7 
n 10 10 10 10 10 10 10 8 
P NS NS NS NS < 0.001 < 0.05 < 0.001 NS 

A significant increase in fetal glucose uptake during insulin infusion is demonstrated. Results expressed as mean + SEM. UBF: umbilical blood 
flow; Canti: antipyrine placental clearance; Curea: urea placental clearance; (A)Glu: maternal arterial plasma glucose concentration; (a)Glu: fetal 
arterial plasma glucose concentration; (A-a)Glu: maternal-fetal arterial plasma glucose concentration difference; Q G ~ ~ :  fetal glucose uptake Qo,: 
fetal oxygen consumption. 
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Because of the anabolic nature of its actions, insulin might 
Fig. 1. Fetal glucose uptake via the umbilical circulation (milligrams have a growth-promoting function in the fetus. The macrosomia per min per kg fetal body weight) vs. maternal arterial (A) plasma seen in human fetal hyperinsulinemic states (infants of diabetic glucose concentration. At all values of [A] the infusion of insulin is 

associated with significantly ( P  < 0.001) increased fetal glucose uptake. 
mothers) (9) and the growth failure noted in infants with 
agenesis of  the pancreas (8) would support such a role. It is 

exceeds the magnitude of the increase in the maternal to  fetal 
Insulin --- o glucose concentration difference (+ 12%). 

- No lnsulln - Insulin may have a direct effect on placental glucose metabo- 
lism o r  transport (19). Any decrease in placental glucose utili- 
zation, even if there were a constant glucose uptake by the - placenta from the maternal circulation, would lead to increased 
glucose ava,ilability to  the fetus. Insulin might have such an 

,,' R..69 - 0 0 effect, although this would be inconsistent with current concepts 
00000 of insulin action on tissues. 

00*0 A direct effect of insulin on  placental glucose transport is also - 
/ O  Rs.77 across possible cell since membranes insulin is in known several tissues. to stimulate Recent glucose studies transport demon- 

- strating insulin receptors on the plasma membranes of human 
placenta are consistent with this possibility (10, 12). - The effect of insulin on increasing fetal glucose utilization - contradicts previous evidence suggesting little effect of insulin 
on fetal tissues (1,  4 ,  6) but is consistent with other in vitro (3) 
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and in vivo (7, 14) evidence. 

possible that the-growth-promoting effect of insulin is mediated 
uptake is a function of both the maternal glucose concentration in part by its effect on increasing fetal glucose uptake and 
and the level of insulin in the fetus. utilization demonstrated in this study. 

DISCUSSION 

The animals in this report were studied at  a wide range of 
gestational ages (95-145 days). There were no differences in 
insulin effect detected over this range of age, although the 
number of animals studied before 100 days is inadequate for 
making any definitive statement about insulin effects a t  different 
stages of fetal maturity. 

The dosage of insulin administered to the fetuses in this study 
would be anticipated to cause an increase in fetal plasma insulin 
concentration 20-50 times the usual physiologic concentrations. 
This large dose was selected because previous studies using 
similar doses were interpreted as showing little effect of insulin 
in controlling fetal glucose utilization. It cannot be stated 
whether more modest insulin doses, and thus more physiologic 
insulin concentrations, would lead to similar findings. 

The mechanism by which insulin infusion leads to increased 
glucose umbilical uptake needs further investigation. A signifi- 
cant increase in the maternal to fetal plasma glucose concentra- 
tion difference occurred in the present study (Table 1 )  and was 
secondary to a fall in the fetal arterial glucose concentration. 
Previous studies have demonstrated the relationship between 
fetal glucose uptake and the maternal to fetal glucose concentra- 
tion difference (1 1). Thus, insulin might increase fetal glucose 
uptake simply by decreasing the fetal arterial glucose concentra- 
tion and enlarging the glucose cocentration gradient across the 
placenta. However, as  shown in Table 1,  the increase in fetal 
glucose uptake demonstrated in the present study (+57%) 
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Light patent ductus arteriosus 
oxygen photochemistry 

Patent Ductus Arteriosus: A New Light on an 
Old Problem 

RONALD I. CLYMAN'z3' AND ABRAHAM M. RUDOLPH 
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Summary (3). The exact mechanism res~onsible for the constriction of 

It has been suggested previously that delayed closure of the 
ductus arteriosus in premature infants is related to an ineffective 
constriction in response to an increase in arterial PO,. The 
contractile effects of increased PO, and excess K+ were studied 
in rings of ductus arteriosus from early (70 2 4 days, n = 9) 
and late (137 2 3 days, n = 11) gestation fetal lambs. Studies 
were performed in a laboratory using overhead fluorescent 
lighting or in a dark, enclosed box. Room light relaxed the 
oxygen-induced contraction in immature vessels but had no 
significant effect on the K+-induced contraction. Room light did 
not alter either the oxygen or K+-induced contractile responses 
in mature vessels. When comparing oxygen induced contractions 
in room light in immature vessels (0.27 + 0.13 g, n = 9) vs. 
mature vessels (0.82 + 0.06 g, n = 11) there appeared to be an 
increased response to oxygen with advancing gestational age. 
However, when the oxygen-induced responses of immature 
(0.59 -c 0.15 g, n = 9) and mature (0.82 2 0.06 g, n = 11) 
vessels were performed in an environment excluding room light, 
no significant gestational difference was observed. The role of 
oxygen in delayed closure of the ductus arteriosus of premature 
infants will need further evaluation. 

t'he ductus arteriosus at birth 'and for its delay in closure in 
preterm infants is as yet unknown. Numerous observations 
have drawn attention to the importance of the postnatal increase 
in arterial oxygen pressure (PO,) for muscular closure of the 
ductus arteriosus (6, 11, 13, 14). Rudolph (18) has suggested 
that the higher incidence of patent ductus arteriosus in preterm 
infants might be due to immaturity of ductal smooth muscle. 
Several in vitro studies have suggested that delayed closure of 
the ductus arteriosus in preterm infants is related to an ineffec- 
tive constriction in response to increases of PO, (10, 14, 15). 
This development of responsiveness to 0, has been attributed 
to maturation of either specific receptors for oxygen (15) or 
vascular smooth muscle contractility (10). The results reported 
below identify a third possible explanation for this in vitro 
developmental response of the ductus arteriosus to oxygen. 
Several years ago Furchgott et al. (9) observed a photoactivated 
relaxation of smooth muscle in isolated strips of rabbit aorta. 
This relaxation was reversible, depended on the pre-exposure 
level of active contraction, and occurred in the presence or 
absence of oxygen. We have observed that vessels from imma- 
ture lambs are very sensitive to photorelaxation by overhead 
fluorescent lights, used for general illumination in the labora- 
tory, whereas'ihose from older lambs are insensitive. We suggest Speculation that the lack of responsiveness to oxygen of immature vessels in 

The difference in sensitivity to photorelaxation between rings vitro may be secondary to the effects of overhead laboratory 
of ductus arteriosus from immature and mature lambs may be lights on hmatu re  vessels and that there may be minimal 
associated with biochemical differences in vessels between early gestational differences in contractile response to oxygen. 
and late gestation. 

In contrast to full-term infants in whom functional closure of 
MATERIALS AND METHODS 

the ductus arteriosus occurs within the first 24 hr after birth, Time-dated fetal lambs, between 56 and 145 days of gesta- 
preterm infants frequently have delayed spontaneous closure tional age (term is 150 days), were delivered by cesarean 
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