
Glucose Production in Pregnant Womenat Term Gestation

SOURCESOF GLUCOSEFORHUMANFETUS

SATISH C. KALHAN, LARRYJ. D'ANGELO, SAMUELM. SAVIN, and PETERA. J. ADAM,
Division of Pediatric Metabolism, and Department of Reproductive Biology, Case
Western Reserve University School of Medicine at Cleveland Metropolitan
General Hospital, and Department of Earth Sciences, Case Western Reserve
University, Cleveland, Ohio 44109

A B S T RA C T The effects of pregnancy and diabetes on
systemic glucose production rates and the sources of
glucose for the human fetus in utero were evaluated
in five normal, four gestationally diabetic, and one
insulin-dependent diabetic subject undergoing elec-
tive caesarean section at term gestation. Five normal
nonpregnant women were studied for comparison.
Systemic glucose production rates were measured with
stable tracer [1-13C]glucose according to the prime-
constant rate infusion technique. Even though the
plasma glucose concentration during normal preg-
nancy had declined as compared with the nonpregnant
subjects (P < 0.0005), the systemic glucose production
rate was 16% greater, a rate sufficient to provide the
glucose requirement of the fetus at term gestation. The
decline in glucose concentration could be the result of
an increase in apparent volume of distribution of glu-
cose. Systemic glucose production rates in well-
controlled, gestationally diabetic subjects were similar
to those in normal pregnant subjects (2.07±0.53 vs.
2.42±0.51 mg/kg-min). The sources of glucose for the
human fetus at term gestation were evaluated by com-
paring (a) natural variation in 13C:12C ratio of plasma
glucose and (b) enriched '3C:'2C ratio of plasma glucose
during [1-13C]glucose infusion in maternal and fetal
blood at delivery in both normal and diabetic subjects.
These data showed that the fetal glucose pool was in
equilibrium with the maternal glucose pool in both
normal and diabetic subjects, indicating that a brief
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maternal fast did not initiate systemic glucose produc-
tion in human fetus. A materno-fetal gradient was ob-
served for betahydroxybutyrate.

INTRODUCTION

The increasing demands of the growing conceptus re-
sult in certain metabolic responses to calorie depriva-
tion in the pregnant mother to provide a continuous
supply of fuels for energy metabolism for both mother
and fetus. This adaptation to food deprivation has
been termed "accelerated starvation" of pregnancy by
Frienkel et al. (1) and Felig (2). Briefly, the plasma glu-
cose concentration declines, plasma free fatty acids and
blood ketones rise, and the plasma amino acid con-
centration falls (3-6). A great deal of attention has
been focused on the mechanism of hypoglycemia of
fasting during pregnancy. There is a more rapid fall in
plasma glucose concentration after food depriva-
tion in both early and late gestation than there is in the
nonpregnant state, even though the potential for
gluconeogenesis from three carbon substrates is in-
creased. The latter has been demonstrated by the
rapid increase in plasma glucose concentration after
intravenous alanine administration to 84-h fasted,
pregnant human subjects early in gestation (4). Simi-
larly, an enhanced capacity to convert alanine to glu-
cose has been shown in in vivo and in vitro studies of
pregnant rat liver preparations (7-9). The decline in
glucose concentration has been attributed to the ina-
bility of the maternal glucose production to accelerate
in response to increased requirements (2). In the
present investigation we have measured the rates of
glucose production in normal and diabetic pregnant
subjects by tracer dilution technique, with the non-
radioactive tracer [1-13C]glucose.

During intrauterine life, the human fetus is com-
pletely dependent upon maternal supply of glucose

J. Clin. Invest. X) The American Society for Clinical Investigation, Inc., 0021-9738179/0310388/07 $1.00
Volume 63 March 1979 388-394



and other fuels. Although the human newborn after
birth can produce glucose to maintain his blood glu-
cose concentration, it is unclear whether he produces
glucose in utero, particularly during periods of mater-
nal fasting. By comparing 13C enrichment of maternal
and fetal glucose with and without tracer inftusion we
have evaluated the sources of glucose for human fettis
at term gestation in normal and diabetic subjects.

METHODS

Glucose production rates were measured in 10 pregnant
women undergoing elective caesarean section for obstetric
reasons between 36 and 40 wk gestation. Five subjects were
normal, four were gestationally diabetic (GDM),' and one
had insulin-dependent diabetes (IDM). Their ages ranged
from 18 to 38 yr. The GDMwomenand the IDM womanwere
obese, weight > 145-239% of ideal body wt.2 The normal sub-
jects' weight ranged from 85 to 123% of ideal body wt. No
evidence of toxemia including peripheral edema were ob-
served in any subject. Gestational diabetes was diagnosed by
an intravenous glucose (25 g) tolerance test administered
during the third trimester of pregnancy. Their fractional dis-
appearance rates of glucose were 0.6, 0.66, 1.0, and 1.03%
min. The GDMsubjects were treated by dietary regulation
and without insulin. They were placed on a 2,200-calorie
diet distributed in three major meals and three snacks to main-
tain euglycemia throughout the day. Euglycemia was defined
as fasting plasma glucose <80 mg/100 ml and a 2-h post-
prandial glucose <120 mg/100 ml. All diabetic subjects were
hospitalized 3-4 d before elective caesarean section to insure
optimal metabolic control. The IDM subject was treated with
twice-daily injections of crystalline and neutral protamine
Hagedorn insulin. Her fasting plasma glucose was maintained
between 45 and 76 mg/100 ml. The morning dose of insulin
was withheld on the day of surgery. Five normal, nonobese
(78-110% ideal body wt) nonpregnant women were also
studied for comparison. The normal subjects had no family
history of diabetes and were in good health. Written in-
formed consent was obtained from each subject after fully
explaining the procedure. Isotonic saline without glucose was
administered during anesthesia and surgery to all pregnant
women except one, who received lactated Ringer's solution
for a brief period. The type of anesthesia (general or
epidural), did not appear to have any effect on results. All sub-
jects were studied 10-12 h after their last meal.

[1-13C]glucose with 88% '3C atom excess onl Carbon-I (C-1)
was obtained from Merck Sharp & Dohme of Canada Ltd.,
Dorval, Quebec, Canada. A weighed amount was dissolved in
sterile isotonic saline for intravenous administration accord-
ing to the prime-constant rate infusion technique (10). [1-3C]-
glucose was administered intravenously via a Holter pump
(Extracorporeal Medical Specialities, Inc., King of Prussia,
Pa.) in a superficial vein of the forearm at the rate of
3 ,ug/kg body wt-min. The infusion in pregnant women
was started -120 min before the caesarean section.
Blood samples were drawn at frequent intervals in hepa-
rinized syringes from an indwelling scalp-vein needle
placed in a superficial vein of the opposite forearm. At
delivery, simultaneous blood samples were obtained from the

IAbbreviations used in this paper: CA, cord arterial; CV,
cord venous; GDM, gestationally diabetic; IDM, insulin-
dependent diabetic; MV, maternal venous.

2 Ideal body weight was calculated according to the Metro-
politan Life Insurance Tables. 1970. Documenta Geigy. 711.

maternal vein, cord artery, and the cord vein. The cord samples
were obtained from an isolated clamped segment of the um-
bilical cord. The blood specimens were placed in chilled tubes
immediately. Plasma was separated by centrifugation in cold
temperature and stored at - 10°C for later analysis.

Isotopic discrimination is a common feature in biosynthetic
processes in nature and results in different 13C: 12C ratios in dif-
ferent classes of compounds within the same organism ( 11). In
general, carbohydrates and proteins are enriched in 13C rela-
tive to the lipid fractions. The low 13C:12C ratio of lipids has
been shown to result from isotopic fractionation during the
oxidation of pyruvate to acetyl coenzyme A (12). Very little
information is available with regard to the effects of
development and metabolic disorders on '3C:12C ratio of glu-
cose in humans. Wehave previously shown that the naturally
occurring 13C:12C ratio in plasma glucose in normal newborn
infants at age 2 h is slightly higher than in normal adults and
older infants (13). These differences in '3C:'2C ratio could be
the result of isotopic fractionation, or could reflect the result of
different sources of glucose in the newborn infants (all
endogenous) and in the older individual (exogenous and
endogenous). If a similar difference between '3C:'2C ratios of
maternal and cord blood at birth were to occur, it might
indicate initiation of glucose production in utero before
delivery and birth. For this reason, the natural abundance of
13C in plasma glucose was measured in simultaneously ob-
tained maternal venous, cord arterial, and cord venous blood
samples of five normal infants and five infants of IDM mothers.
The normal subjects received only isotonic saline while the
IDM mothers were treated with insulin and saline or insulin
and glucose during labor and delivery.

Assays. Plasma glucose was measured by the glucose-
oxidase method with a Beckman analyzer (Beckman Instru-
ments, Inc., Fullerton, Calif.). [1-_3C]glucose was analyzed by
enzymatic decarboxylation in vacuum as described previously
(14). The 13C:12C ratio of the carbon dioxide evolved from
C-1 of glucose was measured with a magnetic deflection,
double-collector mass spectrometer (Nuclide Corp., State
College, Pa.). Corrections for blank, instrument background
and tail, gas mixing, and 12C160'70 contribution to mass 45
(predominantly '3C160'60) were made according to the
method of Craig (15). The 13C enrichment of plasma glu-
cose (equivalent to the specific activity) is reported in 813C
notation as the deviation in per mil (parts per thousand [%o])
of the 13C:'2C ratio from that of the PDBstandard3 as follows:
8l3C = (['3C:12C sample - '3C:12C standard]/'3C:12C standard)
x 1,000. The precision of measuring 813C by mass spectrom-
eter is +0.1 %.. Systemic glucose production rate was cal-
culated from the dilution of the infused tracer in the plasma
as determined by the change in 13C abundance of C-1 of glu-
cose from the basal to the enriched steady-state value. Wehave
described the analytical details and the calculations in a previ-
ous publication (14). Plasma D-betahydroxybutyrate con-
centration were measured by enzymatic fluorometric method
as described by Persson (17). Plasma insulin was measured
according to the coated-charcoal immunoassay of Herbert et
al. with porcine insulin standard (18). Paired t test was em-
ployed for statistical analysis.

RESULTS
Plasma glucose and glucose production rate in preg-

nancy (Fig. 1, Table I). The plasma glucose concen-

The PDBstandard is a Cretaceous belemnite, Belemnitella
americana, from the Pee Dee Formation of South Carolina (16)
and is used widely as a reference standard for studies of geo-
logical variations in 13C:12C ratio.
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FIGuRE 1 Glucose production in five normal '
gestation. After a prime injection of 270 ,ug/kg,
was infused at a constant rate of 3 ,ug/min * kg b
samples were drawn at 15-min intervals until
Plasma glucose concentration, 13C enrichment
cose (853C), and glucose production rates are (
cord vein; CA, cord artery. Values are mean±'

tration after a 12-h fast in normal pregna
term gestation was 58+6.1 mg/100 ml (n
was higher and more variable in the C
68+17.5. In the IDM subject, blood gluco
tween 100 and 80 mg/100 ml. There wa
cline in her plasma glucose and a rise i:
richment of glucose during anesthesia a

Her glucose production rate was calcu
steady-state before this alteration in glucc

TABLE I
Plasma Glucose and Systemic Glucose Pt

Rate in Pregnancy

Glucose

Present
Glucose weight

mgIlOO ml mg

Normals (n = 5) 58+6.1* 2.42±0.5.
GDM(n = 4) 68±+17.5 2.07+0.5.
IDM (n= 1) 100 3.83
Nonpregnant women

(n = 5) 78+4.6 2.43+0.6:

* Mean±+SD.

As has been observed by others previously (19), the
7f glucose concentration during normal pregnancy is

lower than that observed in nonpregnant females
(Table I). This decline in glucose concentration has

+ been attributed to the failure of maternal glucose pro-
duction to accelerate in the presence of increased

7 glucose metabolic demands. Systemic glucose production rates
were measured by the prime-constant rate infusion
technique with the nonradioactive 13C-labeled glucose.

t t As most of the label randomizes away from C-1 of
glucose during recycling (20, 21), and the enzymatic
assay evolves CO2 from C-1 glucose, the contri-
bution of recycling to the estimation of glucose pro-

Pcn ±S D duction rate was minimal. As shown in Fig. 1, a steady-
state plasma glucose 13C enrichment (813C) was
achieved within 15 min of infusion and was maintained
until delivery. Anesthesia and delivery did not cause

-4 any pertubation in the 13C enrichment in any subject
odulction except the IDM woman. In normal mothers, the glu-

cose production rate was 2.42±0.51 mg/min kg body
.L.... L' 'A wt. The normoglycemic GDMmothers had a systemic

D CV CA glucose production rate of 2.07±0.53 mg/kg min.
These rates were not significantly different from each

wvomenat term other, nor from the glucose production rates in non-
[1-_3C]glucose pregnant subjects (2.43±0.61). The glucose production
body wt. Blood rate in the IDM subject was one and one-half times
I delivery (D). that of the normals (3.83 mg/kg min).of C-i of glu-
displayed. CV,
SD. Sources of fuels for the human fetus at

term gestation
mt women at
nean±SD). It GLUCOSE
JDM women The glucose concentration in the cord arterial (CA)
)se varied be- and the cord venous (CV) blood was lower than the
s a sharp de- maternal venous (MV) blood in normal, GDM, and
n the 13C en- IDM mothers (Figs. 2 and 3). The MV-CV difference
and delivery. was insignificant in the normoglycemic mothers, while
lated during a greater difference was observed in the hyperglycemic
se and 813C. mothers. The CA glucose concentration was signifi-

cantly lower than MVglucose concentration in both
normal and diabetic mothers. Similarly, a significant

roduction CV-CA gradient for glucose was seen in all groups
studied. These data suggest a transfer of glucose from
the mother to the fetus along a concentration gradient;

production rate however, a fetal glucose source cannot be identified.
Prepregnancy For this reason, the 813C of MV, CV, and CA glucose

weight was compared during (a) an unenriched steady-state
glkg min occurring naturally (Fig. 3), and (b) an enriched

steady-state achieved by infusing [1-_3C]glucose to the
3 2.28±+0.659 mother (Fig. 2).
3 2.28±0.65 Natural variation in 813C in maternal andfetal blood

(Fig. 3). Even though the 13C enrichment of a 2-h-old
infant's blood glucose tends to be greater than that of
the mother (9), the 13C enrichment of CV glucose
closely resembles that of the mother, irrespective of
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FIGURE 2 Plasma glucose and glucose 13C enrichment (813C)
during [1-_3C]glucose infusion in maternal and cord blood.
[1-13C]glucose was infused as in Fig. 1. CV, cord vein; CA,
cord artery; MV, maternal vein. Values are mean+ SD. * Paired
analysis of MVvs. CA, P < 0.01. * Paired analysis of MVvs.
CA, P < 0.05.

maternal glucose concentration. Although there was no
statistically significant difference between maternal
and fetal 13C abundances, the 813C of CA glucose was
slightly greater than that of mothers (P > 0.1). These

0

- 50
MV CV CA MV CV CA

NORMAL(5) IDM (5)

data suggest an isotopic fractionation or exchange dur-
ing fetal glucose metabolism, or a maximal 10% fetal
contribution to the fetal glucose pool.

Maternal and fetal glucose 813C during [1-13C]
glucose infusion. The 13C enrichments of MVand CV
glucose during [1-13C]glucose infusion were similar in
normal and GDMmothers (Fig. 2). The IDM mother
also showed similar results (813C MV: 63.6%o; CV: 65.9%o).
These data, which are in contrast with the studies in
pregnant rats (22, 23), indicate that the fetal glucose
pool is in equilibrium with the maternal glucose pool,
and that maternal glucose is the only source of glu-
cose for the human fetus at term gestation after a
brief overnight fast.

BETAHYDROXYBUTYRATE(TABLE II)

After a brief fast, the plasma concentration of beta-
hydroxybutyrate had increased fivefold in pregnant
mothers as compared with nonpregnant subjects. There
was no difference in the betahydroxybutyrate con-
centration in normal and GDMmothers. A gradient
along which betahydroxybutyrate is transferred from
the mother to fetus was evident when MVand CVcon-
centrations were compared: the CV and CA con-
centrations were significantly lower than MVconcen-
tration (P <0.01).

Plasma insulin (Table III). The plasma insulin con-

TABLE II

100 Betahydroxybutyrate Concentration in Maternal and
Cord Blood at Delivery

50

0

FIGURE 3 Plasma glucose and natural variation in 613C in
maternal and cord blood glucose in normal and IDM mothers.
CV, cord vein; CA, cord artery; MV, maternal vein. Values
are mean+SE. * Paired analysis of MVvs. CA, P < 0.01.

MV CV CA

mM mM mM

Normals
1 0.20 0.04 0.013
2 0.36 0.12 0.09
3 0.70 0.44 0.27
4 0.49 0.17 0.13
5 0.92 0.45 0.27

Mean+SD 0.53±0.28 0.24±0.19* 0.16±0.11*

GDM
1 0.25 0.22 0.06
2 0.84 0.32 0.25
3 0.55 0.21 0.21
4 0.47 0.16 0.11

Mean±+SD 0.53±0.24 0.23±0.07t 0.16±0.09*

IDM 0.49 0.25
Nonpregnant

women (n = 5) 0.14±0.05

* Significantly different by paired t test
pared with MVlevels.
t Significantly different by paired t test
pared with MVlevels.

P < 0.01 as com-

P < 0.05 as com-
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TABLE III
Plasma Insulin Concentration in Maternal and

Cord Blood at Delivery

MV CV CA

,uU/ml yUIml AUIml

Normals (n = 5) 6.8±4.6* 7.2±2.4 8.3±4.7
GDM(n = 4) 19.2±10.5 20.0±5.9 22.5±8.7
Nonpregnant women

(n = 5) 7.9±3.1

* Mean±SD.

centrations in normal pregnant and nonpregnant sub-
jects were similar. The GDMsubjects had three times
higher insulin concentration than normal pregnant sub-
jects (19.2±10.5 vs. 6.8±4.6 ,LU/ml), perhaps as a result
of obesity and intermittent maternal hyperglycemia.
The CAand CV insulin were also higher in the GDM
subjects, which reflects intermittent fetal hyper-
glycemia.

DISCUSSION

The postabsorptive decline in the maternal blood
glucose concentration in pregnancy has been attributed
to the continuous use by the growing fetus who con-
sumes glucose as the major fuel for his energy require-
ment (24). The decline in glucose is associated with a
decrease in blood concentration of amino acids both
in early and late human pregnancy (4, 5). A similar
decline in glucogenic amino acids during fasting has
been observed in rats and subhuman primates in late
pregnancy (6, 25). Despite a decline in plasma gluco-
genic amino acids concentration, the urinary urea and
total nitrogen excretion during starvation (in early ges-
tation in human, and late gestation in rats) is either
equal to or more than in the nonpregnant state (2, 7).
These data suggest that gluconeogenesis from amino
acids is maintained at the same rate as in the non-
pregnant state. Furthermore, the capacity to convert
alanine to glucose by the liver in pregnancy is in-
creased (1). In human studies, administration of a large
bolus of alanine to pregnant women after an 85-h fast
early in gestation results in rapid increase in plasma
glucose (4). Although a similar rise in blood glucose
after a bolus alanine administration was observed by
Wise et al. (26) at term gestation, a gluconeogenic
effect could not be distinguished from a glycogenolytic
effect in the latter study. An increased rate of con-
version of alanine and pyruvate to glucose has been
shown in isolated liver preparation from pregnant rats
as well as in intact pregnant rats by Herrera et al. (7)
and Metzger et al. (8). Thus, during pregnancy, a para-
dox exists in that in the presence of increased gluco-
neogenic potential and a normal or increased rate of

gluconeogenesis, as assessed by urinary nitrogen
excretion, there is a decline in plasma glucose.

Systemic glucose production rates have not been
quantified before in human pregnancy. With the non-
radioactive, stable isotope-labeled tracer, we have
measured the rates of glucose production in pregnant
mothers. As indicated, the rates of glucose production
during pregnancy in normal mothers were similar to
nonpregnant adults if expressed per unit body weight.
The pregnant mother, however, has increased her
weight by 15-20%. Most of the weight gain is not
represented by the fetus with his high glucose con-
sumption. Therefore, the data have been expressed
based upon prepregnancy weight in Table 1. In normal
pregnant women, the rate of glucose production, when
related to prepregnancy weight, was 16% higher than
would be expected in the nonpregnant subject. Such an
increase would be sufficient to provide the glucose at
the rate of 5-6 mg/kg * min to the fetus at term gestation.
These rates exceed the rates of glucose production
measured in the human newborn by the tracer dilu-
tion technique at 2-h of age, when 50% of the calorie
needs are provided by glucose (13, 27), and approach
the production rates measured in newborn infants after
termination of continuous glucose infusions (28). A similar
increased rate of glucose production was observed in
late gestation (20 d) by Metzger et al. in fasting pregnant
rats with [6-14C]glucose as tracer (29). Under steady-
state conditions, glucose turnover in 48-h fasted, preg-
nant rats was 71% greater as compared with similarly
fasted, age-matched virgin rats. Thus, despite an ap-
parent increase in glucose production rate, the plasma
glucose concentration was lower in the pregnant group
than in the nonpregnant subjects.

Such a decline in glucose could be the result of in-
creased distribution space. A strict comparison of dis-
tribution volume is not possible from our data because
we did not study the same subjects post partum. An in-
creased volume of distribution can be inferred by com-
paring the turnover data in pregnant and nonpregnant
subjects; that is, under steady-state condition with
equal rate of glucose production and use, the only way
the glucose concentration could decline in the extra-
cellular compartment would be by an increase in the
volume of this compartment. A similar inference can be
drawn from the serial intravenous glucose tolerance
test done in late pregnancy and post partum by
Bleicher et al. (30). Calculation of apparent volume of dis-
tribution by extrapolation of the glucose disappearance
curve in their subject showed that the post partum in-
crease in glucose concentration was associated with a
decrease in the distribution volume, while the total
glucose pool remained unchanged.

Thus it can be concluded that the human subjects,
during pregnancy, accelerate the systemic glucose pro-
duction rate to meet the increasing needs of the con-
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ceptus, and that the decline in plasma glucose is the
result of increase in the apparent glucose distribution
space. The glucose production rate in the GDMsub-
jects who were also obese had increased by 10%. Their
systemic glucose production rates, however, were not
higher than those in normal pregnant subjects, which
suggests that the early decompensation in diabetes is
the inability to assimilate an exogenous glucose load.

Sources of fuels for human fetus at term gestation.
The rapid diffusion of glucose across the placenta in
humans and animals has been described before (31-34).
A gradient along which transfer of glucose occurs has
been demonstrated previously and in this study. How-
ever, the fetal contribution to fetal glucose has not been
evaluated in humans so far. During late pregnancy in
rats infused with tracer [U-14C]glucose, Goodner and
Thompson (22) and Bossi and Greenberg (23) showed
that the fetal plasma glucose specific activity was al-
ways lower than the maternal plasma glucose specific
activity. These data would suggest that a fetal glucose
source, in addition to maternal glucose diffusing across
the placenta, was contributing to the fetal plasma glu-
cose. Furthermore, the rat fetus could increase glucose
production in utero and thus maintain plasma glucose
concentration when the mother was made hypo-
glycemic by insulin (35), or during prolonged maternal
fasting (36). The fetal maintenance of glucose homeo-
statis during glucose deprivation from the mother has
been attributed to fetal hepatic gluconeogenesis rather
than glycogenolysis by the studies of Goodner et al. (35)
and Girard et al. (36). These studies demonstrated mini-
mal change in hepatic glycogen phosphorylase and in-
crease in activities of gluconeogenic enzyme phos-
phoenol pyruvate carboxykinase in the fetus. Such
studies on the human fetus have not been possible.

Early in gestation, the isolated, human fetal liver
can release glucose in response to aglycemia (37). A
similar response has been shown in isolated monkey
liver preparation near term gestation (38). Further-
more, the human fetal liver has the necessary enzymes for
gluconeogenesis, and the fetal liver explant can in-
corporate [14C]alanine into glucose (39, 40). In the
present investigation, we evaluated whether the
human fetus of a normal mother or a metabolically
controlled GDMor IDM mother initiates glucose pro-
duction in utero before delivery. A comparison of 13C
enrichment of maternal and fetal glucose during un-
enriched steady state (Fig. 3) and enriched steady
state (Fig. 2) shows that the fetus of a mother under-
going elective caesarean section at term gestation with
uninitiated labor does not produce glucose in utero.
Whether labor and delivery with associated vascular
adjustment initiate glucose production is not known.
After birth, however, the newborn infant does maintain
a normal blood glucose concentration and establishes a
systemic glucose production rate of 4.5 mg/kg- min by

2 h of age (13). In three out of five GDMmothers
receiving [1-13C]glucose, the CA813C were significantly
lower than that of the mother. The fourth one, with the
highest blood glucose (100 mg/100 ml), had similar 813C
in CA and CV. Thus, intermittent hyperglycemia and
normoglycemia may have initiated glucose production
in these infants.

As has been shown by others, the betahydroxy-
butyrate concentration in maternal and cord blood fol-
lowed a pattern which suggested a simple diffusion
from the mother to the fetus (41-43). The fetal capacity
to use ketones for oxidation has been evaluated in
both human and animal species. The fetus can use
ketones derived from the mother as alternate fuels for
oxidation in situations of glucose privation.

In summary, commensurate with the increasing
demands, the systemic glucose production rate in
pregnancy is increased. The increased glucose produc-
tion rate is seen in the presence of a lowered plasma
glucose concentration. The latter may be the result
of an increase in the apparent distribution space of
glucose. The maternal responses to fasting are ac-
celerated in that there is a more rapid decline in blood
glucose and rapid lipolysis. Finally, a brief maternal
fast before an elective caesarean section does not
initiate fetal glucose production in normal or diabetic
subjects.
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