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Carbohydrate Metabolism in Pregnancy
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tacTt The effects of late pregnancy on adipose
tetabolism have been examined in fed and fasted
mbar fat was excised from 19-day pragnant and
ched virgin rats which had been given un-
d access to food (“fed”) or fasted for 48 hr
acrifice,
e fed state, adipose tissue from pregnant rats
d an increased content of free fatty acids (FFA).
incided with augmented cleavage of preformed
es during incubation in vitro as evidenced by
net production of FFA and glycerol, and altered
on of labeled glucose. The enhanced lipolysis
ependent of the availability of glucose and was
mpanied by impaired responsiveness to the auti-
or to the lipogenic actions of added insulin. In
ance of glucose and albumin, esterification as well
‘sis was greater in adipose tissue from pregnant
ngravid animals. All the differences were exag-
by pricr fasting. )

properties of adipose tissue during late gesta-
e been ascribed to a primary activation of lipoly-
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offset the net lipolytic effects in the fed state, a height-
ened turnover of adipose stores is always present. Thus,
the pregnant animal appears better poised to mobilize
preformed fat whenever exogenous nutrients are withheld.

- INTRODUCTION

Accelerated mobilization of depot fat in response to .
fasting has long been recognized as one of the meta-
bolic characteristics of late pregnancy (1). Recent find-
ings suggest that turnover in adipose depots may be al-
tered in the fed state as well. Thus, plasma free fatty
acids (FFA) are increased during late gestation in the
rat even when access to food is uninterrupted (2-5).
These observatlons, and the paucity of published data
concerning adipose tissue in pregnancy, prompted the
present studies. Incubations were performed in vitro
with lumbar fat from fed and fasted 19-day pregnant,
and age-matched nongravid rats. Segments of adipose
tissue rather than isolated cells. wére employed in order
to minimize preparative delay, and to preserve the intra-
cellular allosteric and hoPmonal interrelationships that
might be of regulatory significance in vivo.

METHODS

Pregnant primipara and age-matched virgin female rats
were secured from Charles River Laboratories, Wilmington,
Mass., and housed as in previous studies (5, 6). Experi-
ments were conducted on day 19 of pregnancy (age 60-70
days; fetal weights 1.5~2.0 g). Animals had been given con-
tinuing access to Purina Chow pellets (“fed”) or deprived
of all food but not drinking water for the preceding 48 hr
(“fasted”). Rats were maintained in dark animal quarters
from 6 p.m. to 8 a.m. each day and sacrificed before 11 a.m.
Pregnant animals with litters of less than ecight fetuses were
excluded,
Righs ' L0t humbar

‘at pads were exeised, and twe
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1g pieces, once from each side, were introduced into
jals containing 2 ml of either one of the following
on media: (a) KRB: modified Krebhs-Ringer-hi-
te containing gelatin (<2 mg/ml) as per Bail,
and Cooper (7) to prevent absorption of insulin to
re, or (b) KRB-Alb: modified Krebs-Ringer-Bi-
te containing approximately 0.4 mM (ie. 28 mg/ml)
(Armour: Bovine albumin) which had been treated
arcoal adsorption (8) and extensive dialysis in
oratory to remove free fatty acids (FFA) and or-
cids. Heptane extracts of 10-mg aliquots of such
albumin contained an average of 0.030 umoles titrata-
. Insulin and glucose were added to KRB or KRB-
described in the text. The insulin contained “less
05% glucagon” and was generously supplied by Dr.
oot of Eli Lilly & Co. Epinephrine was prepared
1ig to Hagen and Ball (9), diluted 1000-foid in KRB
itely before use, and added to a final concentration
1g/ml. Preparations of glucose labeled in carbon-1
glucose-1-*C; glucose-6-*C) were purchased from
1gland Nuclear Co.; 0.5 or 1.0 zCi was added to in-
vessels, the larger amounts being used with tissues
ited rats.
Is were scaled with rubber caps, gassed with 95%
COs:, and incubated at 38°C in a Dubnoff shaker as
d previously (10, 11). For experiments with la-
ucose, *COs was collected as before (11) ; total lipids
tracted by the method of Folch, Lees, and Sloane-
(12) and washed twice with saline. Lipid extracts
ponified (1 hr; 80°C; 5§ N methanolic KOH) and
oactivity was partitioned into fatty acids and glycer-
2rol (13). Radioactive standards were prepared from
vhich 14 heen incubated without tissues.
-n! concentrations in tissues and media were measured
ically (14) ; recovery of glycerol added to tissue ex-
xceeded 90%. FFA were extracted from tissue and
s per Dole and Meinertz (15} ; the heptane extracts
luced to dryness under N; and resuspended in chloro-
.ctivated silicic acid was added to the chloroform
wve phospholipids as described elsewhere (5), and
sre estimated by the Duncombe procedure (16). The
pellet after lipid extraction of tissues was employed
ate total tissue protein by the procedure of Lowry,
ugh, Farr, and Randall '(17) and DNA-phosphorus
method of Schmidt and Thannhauser (18). Tissue
was employed as a reasonable index of functional
e mass (19) and all measurements were expressed
-gram tissue protein.!
weights of lumbar fat pads were about 50% greater
19-day pregnant than in age-matched virgin rats.
N A-phosphorus within fat pads was not significantly
- (179225 vs. 17.1 *=1.6 ug DNA-phosphorus per
from pregnant and virgin animals respectively)
glycerides were more abundant in the pregnant
26.6 vs. 153.0 *£3.0 umoles esterified fatty acids per
A-phosphorus; P < 0.001). Thus, much of the dif-
‘n weight appears to he due to the amount of fat per
er than the number of fat celis per fat pad. In keep-
this concluston, we encountered substantially lower
ations of protein (i.e. mg protein/g wet weight) in
ar adipose tissue from fed pregnant animals (119
174 =0.1; P <0000, Relative diferences in pro-
centrations were even greater after 48 hr fast (i.e.
i ovs. 27.0 =32 mg protein/g lumbar adipose tissue
ant wvs, v noressectively; P00, Tiowever,
ened ViscniaTitY oo
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For statistical analyses, unpaired data were compared
using the student ¢ test. Paired data were evaluated for
statistical significance by assessing whether the ratios of
“experimental” to “control” values deviated significantly
from unity. Student ¢ tests were performed after logarithmic
transformation of the ratios (21).

RESULTS
Adipose tissue from fed animals

Revatronsuies IN Vivo

Elsewhere (4, 5), we have confirmed that plasma glu-
cose and ketones are lower (3, 22), whereas FFA are
higher (2, 3) in fed 19-day pregnant than in age-matched
virgin rats. We have also reported that plasma im-
munoreactive insulin is almost doubled in fed gravid vs.
virgin animals (4, 5). To assess whether the elevations
of plasma FFA truly coincide with an increased avail-
ability of FFA from adipose tissue stores, portions of
lumbar fat from animals given continuing access to food
were excised rapidly, frozen in liquid Ns, and analyzed
for glvcerol and FFA. As shown in Table I, the tissue
content of FFA was substantially greater in fat from
fed pregnant than virgin rats (P <0.02).' Values for
tissue glycerol were low and not significantly different
in tissues from pregnant and virgin animals (Table I),

MeraBoLism IN VITRO

The augmented tissue FFA of the pregnant (as cf.
virgin) rats in the fed state could result from: (a) a
primary defect in esterification due directly to the lower
plasma glucose, or indirectly to diminished effectiveness
of insulin upon glucose utilization; or (b) a primary
increase in lipolysis due directly to increased availability
of a lipolytic agent, or indirectly to diminished effective-
ness of insulin upon restraining triglyceride lipase; or
(¢) “carry-over” into fed state of the “accelerated star-
vation” (1) that could occur between feedings during

tributions from occluded blood (20) may render protein con-
centration a less reliable index of the functional mass of the
fat cells within adipose tissue after fasting.

* Ballard and Hanson have estimated “glucose space” in
epididymal fat from fed and 72 hr fasted rats, and employed
those measurements, and concurrent analyses of plasma to
correct for extracellular contributions to the apparent con-
centrations of metabolites in adipose tissue in vivo (20).
The tissue concentrations of FFA shown in Table I suffi-
ciently exceeded those of plasma FFA that they were not
altered meaningfully when corrected on the basis of the
average reported “glucose spaces” (20) (i.e., 4.90% and
7.429 of total adipose tissue space in fed and fasted animals
respectively) and the average plasma FFA which we have
ohgerved in ferd and 4R hr fasted virgin and 19-day pregnant
rats (5). Corrected mean xseat values for adipnse tissue
content of FFA (umoles/mg tissue protein) in pregnant vs.
virgin rats were: 0267 =0.040 vs. 0.154 =0.024 (P < 0.05)
in i1 and 8400 =003R vs. 0238 20013 (P <0001 in
Tt

AN Ceanective 'y



TanLe 1
Effect of Pregnancy on Adipose Tissue Content
of FFA and Glycerol*

FFA Glycerol

umoles/mg tissue protein

rats

iant 0.258 +0.038 (6) 0.012 4-0.001 (6)

1 0.147 +£0.023 (8) 0.011 %0.002 (6)
<0.02 NS

ad rats

ant 0.560 £0.036 (12) 0.036 +0.005 (8)

1 0.222 +£0.014 (8) 0.020 3-0.002 (12)

<0.001 <0.01

:uts of lumbar fat were rapidly excised from 19-day
it and age-matched virgir rats which had been given
rupted access to {food (‘fed’) or deprived of food for
“fasted”’) prior to sacrifice. Mean =SEM values are
bove; ( ) denotes number of animals; P indicates sig-
e of differences between values in pregnant and virgin
S = not significant.

station. To distinguish among these possibilities,
ts of lumbar fat from fed pregnant and virgin
:re incubated under conditions which eliminated
erences in the concentration of plasma glucose to
hey are exposed in vivo.

ation and esterification of labeled glucose. Dur-
:ubation for 60 min in KRB containing 5 mm

glucose labeled in carbon-1 or -6, oxidation of carbon-6
was greater by adipose tissue from fed pregnant than
fed virgin rats (P <002), and more labeled glyceride-
glycerol was formed from both carbon-1 (P < 0.05) and
carbon-6 (P < 0.05) (Table II).

With epididymal fat, analogous patterns have been
elicited by the addition of lipolytic agents in vitro (10,
23-27). Thus, the increases in carbon-6 oxidation and
glyceride-glycerol formation could be compatible with
antecedent activation of lipolysis in vivo. However, since
such changes in glucose metabolism have also been
effected by simply increasing tissue FFA (10, 23, 25),
the phenomena might merely reflect the higher initial
intracellular FFA (Table I). Accordingly, more direct
assessments of fat turnover were secured during longer
incubations, % the presence of albumin as an extracellu-
lar FFA-acceptor. '

Net release of FFA and glycerol in albumin-con-
taining systems. Mean =siM values for FFA and
glycerol following incubation for 150 min are sum-
marized in Table IT1.?

In KRB-Alb, adipose tissue from fed pregnant rats

*The Table depicts final values for the FFA within tis-
sues, and the FFA and glycerol within media. Final ccn-
centrations of tissue glycerol were estimated in separate ex-
periments. During 150 min incubation, tissue glycerol  in-
variatly declined below initial levels (Table I) and did not
correlate with the net release of glycerol into the incubation
media. Therefore, for economy of space, final tissue glycerol
has been omitted from Tables III, IV, and VI although the
valuss were employed to calculate “net lipolysis” and “net
esterification” (wide supra).

TasLE 11
Effects of Pregnancy on Oxidalion and Eslerification of Labeled
Glucose by Adipose Tissue In Vitro*

MCOs Glyceride-glycerol-1+C
Glucose-1-4C Glucose-6-4C Glucose-1-4C Glucose-6-1C
A. Fed Rats mumoles of glucose carbon/mg tissue protein
Pregnant (6) 33.7 £3.5 16,4 +2.4 458 £7.9 37.6 +4.3
Virgin (6) 32.1 4.2 9.5 +0.8 29.2 £33 26.5 +2.1
P NS <0.02 <0.05 <0.058
B. Fasted Rats
Pregnant (5) 20.2 4:3.1 15.3 0.7 50.7 5.8 29.9 2.1
Virgin (6) 8.5 +0.5 4.6 +£0.6 19.7 £1.9 12.8 1.5
P <0.01 <0.001 <0.001 <0.001
* Tissues were incubated 60 min in 2 ml KRB containing § mM glucose-1-1C o:

vlucose-6-1C. Mean #£seM values for the evolution of ¥CO: and formation of
glyceride-glycerol-"C have been expressed on the basis of mumoles of glucose
carbon. ( Ydenotes the number of animals in each category ; I indicates signiticance
f difforences between values for tissues froon pregnant sl virgin rats,

Adiposc Tissuc Metabolism during Late Preznancy
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Tance 111
Effecis of Pregnancy on Lipolysis and Esterification by Adipose Tissue during Incubalion
in Albumin-Containing Media: Fed Rats*

KRHB-Alb
+glucose

KRHE-Ath

KRB-Alb + glucose
r: +insulin py

umoles/mg lissue prolein

Final medium

umoles/mg tissue prolesn

ulycerol
P’regnant 0.151 £0.019 0.217 £0.019 <0.01 0.134 +0.015 <0.001
Virgin 0.094 4-0.008 0.148 +0.010 <0.01 0.089 4-0.013 <0.001
P§ <0.02 <0.01 <0.05
Final medium IFFA
Pregnant 0.235 +0.019 0.167 £0.029 <0.01 0.035 +0.022 <0.001
\irgin 0.124 £0.019 0.092 40.022 NS 0.022 +£0.015 <0.001
i <0.01 <0.05 NS
Final tissue FFA
Pregnant 0.218 +0.020 0.175 +0.031 <0.01 - 0.152 £0.118 NS
Virgin 0.127 +0.007 0.118 £0.010 NS 0.092 +£0.013 <0.05
pr <0.01 NS ©<0.02
Net lipolysis
Pregnant 0.435 +0.056 0.663 +0.054 <0.001 0.398 +0.043 <0.001
“Virgin 0.263 +-0.026 0.416 +0.029 <0.01 0.250 +0.041 <0.001
r <0.02 <0.01 <0.05
Net esterification
Pregnant 0.206 +0.039 0.545 +£0.045 <0.001 0.435 £0.066 <0.05
Virgin 0.148 £0.024 0.342 +0.029 <0.01 0.272 £0.027 <0.05
r NS <0.01 <0.05

* Tissues from fed 19-day pregnant (n = 6) and age-matched virgin (n = 6) rats were incubated 150 min
in KRB containing approximately 0.4 mum albumin (KRB-Alb). Effects of including 3.75 mwM glucose
(KRB-AlIb + glucose) or 3.75 mM glucose plus 50 gU/ml insulin (KRB-Alb 4 glucose + insulin) in the
incubation medium were evaluated. The table summarizes mean £SEM values for FFA within tissue and
for FFA and glycerol within medium at the end of incubation in terms of umoles/mg tissue protein. Mean
=sEM values for net lipolysis and esterification (umolesFFA /mg tissue protein) during incubation were
derived as per Vaughan (28).
1 P denotes significance of the effects of glucose (i.e. KRB-Alb vs. KRB-Alb 4 glucose) or insulin (i.e.

KRB-Alb + glucose vs. KRB-AIb + glucose + insulin) within each group of animals.
§ P denotes significance of the effects of pregnancy by comparing pregnant vs. virgin animals.

I considerably more FFA than did tissue from
yin rats (P <0.01). Tissue FFA at the end of
ion (Table IIT) persisted near levels found ini-
Table I) so that the efflux represented greater
ion of FFA rather than simple depletion of more
it tissue stores. Indeed, derived values for the
juction of FFA in KRB-Alb (i.e. final FFA [me-
tissue] — initial tissue FFA) were 0.229 =0.038
§ +0.026 umoles/mg protein for the tissues from
t vs. virgin animals respectively (P <0.05).

don of 375 my glucose (i.e. KRB-Alb 4 slu-
able TI1) obtunded the net release of FrA,
T. as evidenced by the greater release ot glyvcerol
71), the tissues from gravid animals continued
“nmicre elveerides.

R. H. Knopp, E. Herrera, and N. Freinkel

The measurements of glycerol and FFA were com-
bined to derive estimates of lipolysis and esterification as
per Vaughan (28) (Table III). It was felt that the
limited glycerokinase activity in white adiopse tissue
(29), and the more recent direct documentation that
glycerol is reutilized by epididymal fat in vitro,' would
not preclude application of the Vaughan calculations
(28) to assess net changes during the period of incu-
bation (30), and to compare pregnant vs. nongravid
animals thereby. As estimated in this fashion (28, 30},
net lipolysis during incubation in KRB-Alb was about
60 greater in tissues from pregnant animals (P <

“Herrera, E, A, Avangz, and L. Lamas. 1968-1969. Unpub-

It o sbservations,



TanLe IV
[tects of Pregnancy on the Responsiveness of Adipose Tissue to Inhibition of Lipolysis by Dnisulin®

KRB KRB + epinephrine
KRR KRB + insulin P + epinephrine + insulin r:
umoles/mg lissue protein umales/mg tissue prolein
lal medinm
wlveerol
Preanant 0.079 £0.013 0.063 +0.008 <0.01 0.161 +0.019 0.107 £0.020 <0.01
\irgin 0.076 +0.006 0.063 +0.005 <0.001 0.152 £0.015 0.109 +£0.018 <0.01
Py NS NS NS NS
inal tissue FIFA
Pregnant 0.327 £0.050 0.305 £0.045 NS 0.581 +0.065 0.416 £0.065 <0.001
Virgin 0.192 +0.021 0.155 =3:0.011 <0.02 0.404 £0.045 0.236 +0.046 <0.001
r <0.0S <0.01 <0.05 <0.05
‘et lipolysis
Pregnant 0.209 £0.037 0.164 +0.026 <0.01 0.456 +9.059 0.300 +0.062 <0.01
Virgin €.200 +0.018 0.160 £0.016 <0.001 0.428 +0.045 0.298 +0.048 <0.001
r NS NS NS NS
et esterification
Pregnant 0.131 3+0.021 0.136 +:0.018 NS 0.118 +0.021 0.142 £0.026 NS
Virgin 0.157 +0.024 0.151 +0.030 NS 0.172 £0.024 0.176 +0.027 NS
r NS NS NS NS V

1es from fed 19-day pregnant (n = 6) and age-matched vrigin (n = 8) rats were incubated 150 min in KRB. The table
wrizes mean =£SEM values for FFA within tissue and for glycerol within medium at the end of incubation. (In the KRB
15, no FFA were released into the medium.) Mean =seM values for net lipolysis and esterification were derived as per

an (28).

-notes significance of the effects of insulin on basal (KRB vs. KRB + insulin) or stimulated (KRB +- epinephrine vs
+ epinephrine + insulin) lipolysis within each group of animals.
notes significance of the effects of pregnancy by comparing pregnant vs. virgin animals.

whereas nct esterification did not differ in the
roups (Table ITI). During incubation in KRB-Alb
cose, the removal of restraining amounts of FFA
-erification (31) enahled more lipolysis to occur
h groups (Table III). However, net lipolysis re-
d about 60% greater in the tissues from the gravid
Is (P <0.01) coincident with an equally greater
terification (P <0.01).
1s. every aspect of fat turnover is augmented in
‘e tissues from the fed pregnant animals, and
ened lipolysis rather than impaired esterification
responsible for the enhanced eflux of FFA,
pousiveness to insulin, The effects of insulin were
ned to assess whether resistance to insulin action
be implicated in these phenomena.
shown in Table III, addition of 50 xU/m! insulin
B-Alb 4+ glucose media dampened FFA and glve-
Jease from adipose tissue of pregnant as well as
aoradss Ona percentile basis, the reductions of
o by insnlin (e KRB-AlY 4+ glucose vs,
A < glucose 4+ insulin) were not different in
o wroupst 377 %£87¢; in the pregnant and 41.1

o

Voo

SRS SUEIN

Adipose Tissue Mctaholism during Late Pregnancy

Similar results were obtained during 150-min incu-
bations in simple KRB systems (Table IV). In the ab-
sence of either glucose to facilitate esterification, or
albumin to permit eflux of tissue FFA, differences in
basal lipolysis between tissues from pregnant and virgin
animals could not be demonstrated (Table IV) presum-
ably because the higher initial tissue. FFA (Table I)
inhibited full lipolysis (31) in the pregnant rats. How-
ever, addition of 50 xU/ml insulin obtunded basal as
well as epinephrine-stimulated lipolysis to an equal de-
gree in both groups (Table IV). Thus, isolated adipose
tissue from fed pregnant rats did not display absolute
or relative resistance to the antilipolytic effects of in- -
sulin under any experimental situation.

To evaluate tissue sensitivity to purely anabolic ac-
tions of insulin, formation of labeled fatty acids was
exaniined. Table V' summarizes results ohtained during
incubation of adipose tissue from fed animals for 60 min
i KRB containing 3 my glucose-1-C or glucose-6-*C.
Net biosynthesis of {atty acids in vitro by segments of
lumbar fat from pregnant and virgin rats was not sig-
niticantly different in the absence of added insulin (“0
msulin™) nar o che oresence of cubmaximal (100 L17/

1442



TasLEe V
Effect of Pregnancy on the Formation of Fatty Acids from Labeled Glucose by Adipose Tissue In Vitro*

Tissue fatty acid-1C

mumoles of glucose carbon/mg tissue prolein

«U/ml. .. 0 100 1000
Glucose-1.14C Glucose-6-1C Glucose-1-1#C Glucose-6-14C Glucose-1-14C Glucose-6-14C
Rats
nant (6) 116 +2.4 182 +39 33.4 +63 68.1 +18.1 69.1 +113 212.0 +61.8
in (6) 13.2 +29 122 £24 21.6 +4.0 48.5 +6.0 426 7.8 118.6 +£19.1
NS NS NS NS NS NS
ted Rats .
mant (5) 0.20 £0.05 0.25 +0.05 0.50 0.20 1.60 +:1.00 7.10 £5.50 14.5 £11.0
in (6) 0.16 £0.04 0.13 £0.04 1.00 +0.3¢ 1.70 +0.60 4.50 +-1.80 8.6 4.0
NS NS NS NS NS ‘ NS

ies were incubated 60 min in 2 ml KRB containing § mM glucose-1-4C or glucose-6-4C; and 0, 100, or 1000 .U /ml insulin.

r maximal (1000 «U/ml) insulin stimulation
2 V).

h epididymal fat, the recovery of radioactivity in
fatty- acids, and glyceride-glycerol has accounted
-90% of glucose assimilation in vitro (24, 32). By
‘riterion, glucose “uptake” was about one-third
r in adipose tissue from pregnant than virgin rats
n the absence of added insulin (Tables II and V).
relationships can be extrapolated to events in vivo,
1ld appear that the lower plasma glucose in the
egnant rat (3-5, 22) is not attended by glucose
-ation in adipose tissue; and that adipose tissue is
volved in the diminished hypoglycemic response to
1 (33). Thus, not only is responsiveness to in-
arcserved, but metabolism is geared to compensate
e prevailing lower concentration of extracellular
e.

ipose tissue from 48-hr fasted animals
-ATIONSHIPS IN VIvo

lowing a 48 hr fast, plasma glucose falls to near
lycemic levels in the 19-day pregnant rat (3-5.
plasma insulin ceases to be greater than in non-
1 animals (4, 5) and urinary catecholamine ex-
a is increased (6) (whereas urinary catecholamines
raffected by pregnancy when food is available [6]).
ident (and perhaps associated) with these changes,
perlipacidemia (elevated FFFA levels) and ketone-
f 'starvation are markedly exaggerated in the preg-
-at (3-5, 22). Table T summarizes values for the
e tissue content of FFA and glyveerol inmder these
astances. Althoucrh the 48 hr 7ast increased tissue
and glycerol in nongravid as well as gravid ani-
the increments for hoth were 2.7-fold greater in
cegnant group. Thus, FIFA vere approximately

R. H. Knopp. E. Herrera, and N. Freinkel

doubled in the adipose tissue of fasted pregnant rats
but increased only about 509 in the virgin (Table I).

The divergences in vivo prompted ‘repeat studies in
vitro. It was felt that prior fast should enhance the in
vitro differences between tissues from fed pregnant and
nonpregnant animals which we have ascribed to gesta-
tional activation of lipolysis (vide supra).

MEeraBoLIsM IN VIiTRO

The per cent of total radioactivity per milligram tissue
protein which was recoverable as *COs or glyceride-
glycerol-*C after 60 min incubation in KRB was di-
minished by fasting (Table II). However, the absolute
differences in glucose oxidation and esterification be-
tween tissues from gravid and nongravid animals were,
if anything, more pronounced.

During more prolonged incubation in KRB-Alb (Ta-
ble VI) both groups released greater amounts of FFA
and glycerol into the medium than in the fed state (Ta-
ble IIT). However, the disparities between pregnant and
virgin animals were even more marked following 48 hr
fast (Table VI). Inclusion of glucose (i.e. KRB-Alb +
glucose) effected proportionally smaller increases in
net esterification after fasting (Table VI) than in the
fed state (Table IIT) but caused even greater differ-
ences in net lipolysis between the virgin and pregnant
rats (Table VI). Under such circumstances, addition
of insulin (50 #U/ml) reduced net lipolysis 10.1 =41
in pregnant (P <0.05) and 31.4 *=1.4% in virgin (P <
0.001) (Table VI)—a significant difference between
the two groups (P <0.01).

Fasting also did not alter the relative responsiveness
to the effects of insulin upon glucose disposition. As
shown in Table V, the decreased formation of fatty
acids after 48 hr fast was minimally but equally in-



TasLE VI
Efiect of Pregnancy on Lipolysis and Esterification by Adipose Tissue during Incubation
in Albumin-Containing Media: Fasted Rals*

KRB-Alb
+ glucose

KRB-Alb

KRB-Alb + glucoee
P <+ Insulin P

umoles/mg tissue prolein

Final medium

umoles/mg tissue protein

plveerol

Pregnant 0.286 +0.026 0.350 +0.011 <0.01 0.315 0.008 <0.05
\irgin 0.148 £0.013 0.179 £0.020 <0.02 0.128 +0.013 <0.001
P <0.01 <0.001 <0.001
Final medium FFA
Pregnant 0.444 +0.058 0.568 +0.030 NS 0.364 3-0.062 <0.05
Virgin 0.223 £0.020 0.226 +0.041 NS 0.054 +0.032 <0.02
P <0.01 <0.001 <0.01
Final tissue FFA
Pregnant 0.527 +0.088 0.361 £0.028 <0.05 0.338 £0.019 NS
Virgin 0.147 +0.010 0.153 +0.017 NS 0.132 +0.025 NS
P <0.01 <0.001 <0.001
Net lipolysis
Pregnant 0.790 +0.082 0.987 +:0.031 <0.02 0.883 +:0.029 <0.05
Virgin 0.420 +:0.040 0.529 +£0.060 <0.01 0.366 £0.042 <0.001
P <0.01 <0.001 <0.001
Net esterification
Pregnant 0.445 £0.123 0.684 +4-0.029 " <0.01 0.808 +-0.065 <0.05
Virgin 0.259 £0.026 0.358 +0.037 <0.001 0.387 +0.037 NS
P NS <0.001 © <0.001

* Tissues from fasted 19-day pregnant (n = 5) and age-matched virgin (n = 6) rats were incubated 150
min in KRB-Alb. Experimental conditions, presentation of data, and statistical analyses are as in Table I11.

by insulin in tissues from pregnant as well as
nimals. )

DISCUSSION

ned availability of FFA within adipose tissue
ed 19-day pregnant rat has been documented in
ent studies. It has been shown that this coincides
augmented cleavage of stored triglycerides dur-
ubation in vitro as evidenced by greater net
ion of FFA and glycerol and altered metabolism
ed glucose. The enhanced lipolysis was inde-
of glucose availability, occurring in the absence
as the presence of glucose, No impairment in
»olic actions of insulin was discerned as judged
oficets upon the formation of fatty acids from
clucoce. The antilipolvtic effectiveness of in-
o Bikewize maintained and conld not be impli-
< the presence of ghicose and albumin, esterifica-
well as lipolvsis was greater in adipose tissue
smannt than noneravid rats indicating increased

S hiptds

anlocous to that ohserve!

after incubating epididymal fat with a variety of lipo-
lytic agents (30). In other words, isolated fat from the
fed 19-day pregnant rat seems to behave as if subjected
to a primary stimulation of lipolysis rather than an
impairment of esterification or resistance to insulin.

In the light of these findings, the increase in glucose
uptake and net gas exchange produced by insulin in
adipose tissue from fed 18- to 20-day pregnant rats
(34, 35) more likely results from the greater esteri-
fication and glucose oxidation than heightened sensi-
tivity to insulin. Likewise, the greater total labeling of
maternal fat after intravenous glucose-*C (36) may
represent an increment in glyceride-glycerol rather than
fatty acid synthesis. Indeed, Fain and Scow found that
the incorporation of tritiated water into maternal fatty
acids in the 20-day fed pregnant rat was indistinguish-
able from that of virgin control animals although fatty
acid synthesis was substantialiv greater in the 16-day
pregnant animal (22).

Whether the intrinsic activition of lipolvsis in adi-
pose tizstue fullv aceounts £: e Wbeerved clevation of
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ma FFA in the fed pregnant rat cannot be answered.
et factors such as the greater total body fat (22),
lower plasma glucose (3-5, 22), the lower plasma
min (37), and the heightened cardiac output (38),
possibly augmented perfusion of adipose tissue
d also be contributory in vivo. Some of the FFA
at even originate from the hypertriglyceridemia of
iry origin (3).
he precise reasons for the activation of lipolysis in
ose tissue in the fed state are also unclear. We have
onstrated that the disparities in lipolysis between
ar fat from gravid and nongravid animals are ac-
uated by fasting. Indeed, after 48 hr fast in preg-
v, some added resistance to insulin may even be
ifest as evidenced by diminished responsiveness to the
ipolvtic actions of the hormone in vitro. Thus, the
ibility that some adaptations to the “exaggerated”
sation of pregnancy (1, 4, 5) are carried over
the fed state cannot be excluded. However, it does
seem likely that this is of major importance since
r catecholamine excretion is not different in preg-
that in nonpregnant animals during ad lib. feeding
and it is our impression that pregnant rats not only
nore (3) but also more frequently and throughout
{ay in late gestation.' It seems more likely that the
uned activation of lypolysis is triggered by some-
r that acts continuously. The hormones of pregnancy
1 qualify for such a role since they are released from
:nta and ovary without dietary feedback regulation
in accord with the growth and development of the
sptus (39, 40). One such hormone, placental lacto-
has displayed lipolytic properties in zitro (27) al-
zh the role of placental lactogen is less clear in the
‘han in primates (see reference 5 for review of
iture). i
iring the normal course of pregnancy, where the
er has unlimited access to food, the lipolytic ac-
ion need little effect the tendency to increase adipose
e mass. Our data would suggest that any puta-
restraint to fatty acid synthesis is apparently over-
by the increase in plasma insulin. In addition, dur-
:onjoint availability of glucose and insulin, most of
atty acids liberated by lipolysis are recovered by
:oncurrent increase in esterification. The cost to
‘ssue may be measured in terms of a small net FFA
slus the energy required for esterification (41), the
t in fatty acids apparently being more than com-
ted by lipid of dietary or hepatic origin.
lipolvtic activation appears established at limited
2 the animal, what useful purpose might it serve?
sonable hypothesis would envision the incrrase in
stores, and the coexistent increase in fat turnover

~pp. RO, FL Herrera, and N. Freinkel. Unpublished

R. H. Knopp, E. Herrera, and N. Freinkel

as

“insurance” against possible food deprivation, par-

ticularly in late gestation when the fetal drains on ma-
ternal glucose and amino acids are greatest. Should
fasting supervene, the pregnant animal is ideally poised
to mobilize and utilize lipids at an accelerated rate, and
thereby to spare nonlipid nutrients for fetal growth and .
for maternal tissues which will not accept other fuels.
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