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Abstract The effects of conventional doses of two synthetic
contraceptive steroids on the concentration and rate of
secretion of plasma triglycerides from the splanchnic
region were investigated. Studies were undertaken in minia-
ture swine under steady state conditions produced by pro-
longed constant hypercaloric intravenous infusions of glu-
cose. The steroids, alone or in combination, were ad-
ministered with the high carbohydrate diet for at least 2
weeks prior to study of splanchnic metabolism and were
also infused intravenously during the studies. Splanchnic
triglyceride secretion was determined from measurements
of plasma flow and transsplanchnic radiochemical gradients
of plasma triglycerides. Compared with studies in the un-
treated animal, norethindrone acetate significantly reduced
the arterial concentration (1.1 = 0.1 vs. 0.7 = 0.1 mM) and
rate of splanchnic secretion of plasma triglyceride fatty
acids (2.0 = 0.4 vs. 0.8 £ 0.1 umol/min-kg body wt*?) and
decreased the percent of free fatty acids entering the
splanchnic region that was converted to plasma triglycerides
(22 £ 5vs. 13 = 3%, P < 0.05). Ethynylestradiol, in the dose
employed, had no significant effect on these variables; how-
ever, ethynylestradiol and norethindrone acetate together
gave responses similar to norethindrone acetate alone.
When the glucose was given intraduodenally vs. intra-
venously, values for splanchnic metabolism of triglycerides
were unchanged. The hypolipemic effect of norethindrone
acetate in glucose-fed swine was attributable to inhibition of
hepatic triglyceride secretion.—Wolfe, B. M., and D. M.
Grace. Norethindrone acetate inhibition of splanchnic
triglyceride secretion in conscious glucose-fed swine. J. Lipid
Res. 1979. 20: 175-182.

Supplementary key words free fatty acids * glycogen - liver -
metabolism * miniature swine * very low density lipoprotein

Myocardial infarction and cerebrovascular disease
(2-7) have been associated with the use of oral contra-
ceptive steroids. The hypertriglyceridemic effects of
natural (8, 9) and synthetic (10, 11) sex hormones are
of particular interest because hypertriglyceridemia
may predispose to atherosclerosis (12, 13). Studies in
postabsorptive women suggest that the rate of hepatic
secretion of plasma TGFA is enhanced by estrogen
(14), but is little affected by progestins (15). Avian

hepatic TGFA secretion is increased by estrogen (16).
However, the estrogen-induced elevation of plasma
TGFA concentration in the rat may relate to either
increased hepatic secretion (8) or impaired disposal of
plasma VLDL TGFA (17). Norethindrone acetate has
been reported to lower plasma TGFA in hypertri-
glyceridemic men and women (18); however, the
lowering of plasma TGFA levels during the postpar-
tum period in healthy women receiving this progestin
may represent only a spontaneous return to basal
level (19).

Since the fed or absorptive state comprises a major
part of the day, there is a need for more studies of
hormonal effects under these conditions. Miniature
swine have been used successfully for metabolic
studies in the glucose-fed state (20). The present
studies were designed to elucidate the mechanisms
whereby two commonly used synthetic contraceptive
steroids, norethindrone acetate and ethynylestradiol
(10, 11) produce changes in the concentration and
transport of plasma TGFA in an unsedated animal.
The same physiological conditions have permitted the
study of splanchnic and hepatic carbohydrate and
amino acid metabolism, the subject of a separate
report.?

METHODS

Animal and surgical preparation

Seven female miniature swine weighing 30-58 kg
and 9-24 months of age were studied (Table 1). None

Abbreviations: EE, ethynylestradiol; FFA, free fatty acids; NA,
norethindrone acetate; TGFA, triglyceride fatty acid(s); VLDL,
very low density lipoprotein(s).

! A preliminary report of this work has been published in abstract
form (1).

? Wolfe, B. M., D. M. Grace, and E. B. Marliss. Effects of
norethindrone acetate and ethynylestradiol on splanchnic carbo-
hydrate and amino acid metabolism in conscious glucose-fed swine.
Manuscript in preparation.
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TABLE 1. Hemodynamic and other data for experimental swine

Treatment No. of No. of Mctabolic Splanchnic
Period Swine Experiments Weight Body Size Plasma Flow?
kg kgt mifmin - kg™

NAc® 3 54 423 + 8.0 16.5 + 2.3 42+ 9

NA + EE° 3 5¢ 36.2 + 2.9 14.7 09 40+ 2

EES 3 4 468 = 8.3 17.8 + 2.4 34+ 2

(0% 5 9h 437+ 49 169+ 14 41+ 5

ID? 3 3 47.9 = 10.1 18.1 = 2.8 49 = 10

¢ Means = SEM for swine in each group.

® Means * SEM for all experiments in each group.

“NA received 100 ug norethindrone acetate/day-kg body wt®™ for at least 2 wk
prior to each experiment. (See Experimental Procedures for details of dosage regimen).

4 Two experiments in each of two swine, single experiment in the remainder.

¢ NA + EE received 100 ug norethindrone acetate/day-kg body wt®™ plus 5 ug
ethynylestradiol/day - kg body wt®" for at least 2 wk prior to each experiment.
T EE received 5 pg ethynylestradiol/day kg body w®™ for at least 2 wk prior to each

experiment.

¢ Controls (untreated) received intravenous glucose (108 pmol/min-kg body wt®™).
" Three experiments in one swine, two in each of two other swine, and single

experiments in the remainder.

1D (untreated) received glucose intraduodenally instead of intravenously.

of the swine had been bred. Swine were maintained
on approximately 36 g daily/kg body wt®™ of com-
mercial pig starter consisting of a minimum of 17%
crude protein and 3% crude fat and a maximum of
6% crude fiber, the remainder being carbohydrate.
This diet met National Research Council minimum
standards and allowed a weight gain of 1-2 kg per
month.

Swine were prepared for surgery and indwelling
carotid arterial and jugular, common portal and he-
patic venous catheters were installed and maintained as
previously described (20). Indwelling silicone rubber
duodenal catheters were implanted 2 cm below the
pylorus in the three swine that also received intra-
duodenal infusions of glucose.

Materials

[1-1*C]Palmitic acid (5.4 mCi/mmol) and [9,10-3H]-
palmitic acid (320 mCi/mol), certified over 98% pure,
were obtained from New England Nuclear Corp.,
Boston, MA. Miniature swine were obtained from the
Hormel Institute, Austin, MN, and later from the
same strain maintained by Sinclair Research Farms,
Columbia, MO. Pig starter was obtained from Master
Feeds, Toronto, Ont. Porcine serum albumin, ethynyl-
estradiol, and norethindrone acetate were obtained
from Sigma Chemical Co., St. Louis, MO.

Experimental procedures

None of the animals was used for experiments until
at least 1 wk after the catheters had been implanted
and after consumption of three full feeds daily for at
least 3 days (150% of the maintenance diet). However,
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the regular feed was withdrawn 8 hr before the
constant infusion of glucose was started. The order of
experiments was random. Each animal was used as its
own control for studies with NA and/or EE; however,
no contraceptive steroids were given for at least 4 wk
before a control experiment. Prior to each study of
splanchnic metabolism during administration of con-
traceptive steroids, the swine usually received a 2-3
wk course of either 100 ug NA, 5 ug EE, or 100
ug NA plus 5 ug EE/day-kg body wt®™. However,
one swine received NA for 4 wk, another received EE
for 10 wk, and a third received NA + EE for 5 wk
(without any discernable effect related to more pro-
longed treatment). These doses of steroids were chosen
because they were similar to the conventional doses
used by women for contraceptive purposes prior to the
introduction of low-dose estrogen preparations. The
steroids were mixed with the morning feed. All studies
involving contraceptive steroids and their controls
were done during intravenous glucose administration.
In addition, three swine were studied during similar
prolonged (9 hr) constant intraduodenal infusions of
glucose (in the absence of hormonal therapy). Two
of these swine were studied under control conditions
during intravenous glucose infusion. The control for
the third swine given glucose intraduodenally was an-
other female swine, of similar age and size, that re-
ceived glucose intravenously. Experiments were per-
formed on unsedated animals as previously described
(20), except that the glucose (108 pmol/min-kg body
wt®™), when given intravenously, the indocyanine
green (1 mg/ml), and either the [1-**C]palmitate or
[9,10-*H]palmitate (ca. 2 nCi/ml) bound to porcine
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serum albumin (21) (molar ratio of FFA:albumin
= 0.4) were infused into a jugular instead of a femoral
vein. The glucose solution (1.23 ml/min) and the al-
bumin-bound palmitate and indocyanine green (0.23
ml/min) were infused under sterile conditions. During
experiments in which NA and/or EE were given, 9/24
of the daily dose was bound to 0.75 g of porcine
serum albumin dissolved in 0.15 M sodium chloride
and also infused intravenously at a constant rate
(0.23 ml/min) for 9 hr. NA and EE were given intra-
venously on the day of the study because the animals
did not receive their usual oral feeding on that day.
Controls received albumin only.

The hydrophobic contraceptive steroids were
bound to porcine albumin as follows. The dose of the
steroid(s) required for a 9-hr study (for an average
animal, 0.08 ml of a solution of NA dissolved in
absolute ethanol to a concentration of 10 mg/mland/or
0.04 ml of a solution of EE dissolved in absolute
ethanol to a concentration of 1 mg/ml) was added to
20 ml of 0.15 M sodium chloride; the sodium chloride
solution was heated to 50°C, mixed with 3.75 ml of
20% porcine albumin, and then purified by passage
through a 0.8 um diameter filter. Hepatic venous,
portal venous (when available), and arterial blood
samples were obtained simultaneously at approxi-
mately 20-30 min intervals during the last 3 hr of the
glucose infusion. Samples of arterial blood were ob-
tained for plasma cholesterol determinations 8 hr af-
ter the onset of the 9-hr glucose infusion.

Analyses and calculations

Analyses of blood glucose and of the content and
radioactivity of FFA in plasma and of TGFA in
plasma and plasma VLDL were performed as previ-
ously described (20). Since 14 hr had elapsed be-
tween the last regular feeding and the start of the
sampling of blood for plasma TGFA, it was assumed
that chylomicrons were not present. Acetoacetate and
B-hydroxybutyrate were determined using enzymatic
microfiuorimetric techniques (22). Cholesterol was de-
termined as previously described (23). Serum insulin
was measured by a coated-charcoal radioimmunoassay
(24) employing porcine insulin as standard, porcine
monoiodinated ['**I]-labeled insulin as tracer, and
an antiserum. Mean values for plasma insulin and
blood glucose were based on three determinations
during the last hour of the glucose infusion. Splanch-
nic (hepatic) plasma flow was determined by the
method previously described (20). The general equa-
tions used for calculations have been described (20, 25).
It was assumed, on the basis of our previous studies
(20), that 50% of the blood entering the liver was
derived from the hepatic artery and 50% from the

portal vein. Average values for FFA and TGFA were
derived from four to eight complete simultaneous sets
of arterial, portal venous, and hepatic venous blood
samples. Measurements of splanchnic plasma (or
blood) flow were based on determination of indo-
cyanine green in serum on three or four sets of
arterial and hepatic venous blood samples. Splanchnic
and hepatic secretion of TGFA, in particular, were
both measured radiochemically. Mean values for each
experiment were based on four to eight determina-
tions of transsplanchnic or transhepatic radiochemical
concentration gradients for labeled FFA and labeled
TGFA. The following formula was used for the cal-
culation: Secretion of TGFA (or VLDL TGFA) from
liver (or splanchnic region) = [hepatic (splanchnic)
secretion of TGFA (or VLDL TGFA) (cpm/ml plasma)/
hepatic (splanchnic) uptake of labeled FFA (cpm/ml
plasma)] x

[(SAPFA %ﬁ) /(SAVLDL TGFA)J’E}

X hepatic (splanchnic) uptake of FFA (umol/min),
where (SAvipr tera)z 1S the mean specific activity of
TGFA of arterial VLDL and

(S
2 /3

is the mean value for specific activity of FFA in arterial
and hepatic venous blood plasma during the terminal
period when values for this ratio reached a plateau (20).

Differences between groups of experiments were
evaluated according to Snedecor and Cochran for
both paired and unpaired samples (26). Kg body
wt®? was used as a unit of body size (20, 27) to
facilitate comparisons among species differing widely
in size. The terminology used in this report was
generally as recommended (28) and recently sum-
marized (29); however, splanchnic secretion of TGFA

was used instead of “splanchnic net inflow transport
of TGFA”.

RESULTS

Hemodynamic data

Values for splanchnic plasma flow were similar dur-
ing treatment and control periods (Table 1). Like-
wise, there was no significant difference in the values
for flow between studies in which glucose was given
intraduodenally (n = 3) vs. control studies (n = 3) in
which it was given intravenously (49 + 10 vs. 40 x 3/
min-kg body wt®™, respectively, P > 0.5). Flow did
not change systematically during the period of blood
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TABLE 2. Arterial concentrations of metabolites?®

Comparison of Plasma
Treatment No. of Blood
Periods Period Experiments Glucose FFA TGFA VLDL TGFA
pmoliml

NA vs. C NA 5 45 %03 0.115 + 0.012  0.73 £ 0.12> 0.53 = 0.12°
C 5 49 + 0.5 0.115 = 0.014 1.11 + 0.09 0.95 = 0.14
NA + EE vs. C NA + EE 5 4.3 + 0.2 0.086 = 0.015 0.61 = 0.10° 047 = 0.11°
C 5 5.0=* 05 0.095 + 0.020 1.27 > 0.33 0.88 + 0.20

EE vs. C EE 4 52+ 05 0.102 = 0.012 0.97 = 0.14 0.73 + 0.17
C 4 43+ 0.3 0.115 = 0.016  0.98 = 0.19 0.91 = 0.20

ID vs. IV ID 3 4.1 =04 0.083 = 0.019 0.79 + 0.2% 0.54 = 0.14
v 3 46 = 0.3 0.099 + 0.031 0.90 = 0.19 0.77 + 0.27

¢ Means = SEM. Mean values for individual experiments were derived from four to eight samples.

® Significantly different from control period, P < 0.05.

sampling from 6 to 9 hr after starting the hypercaloric
infusions of glucose.

Arterial concentrations

Mean concentrations of blood glucose and plasma
FFA during the period 6-9 hr after starting the glu-
cose infusions were in the expected range for glucose-
fed swine (20). Mean concentrations of blood glucose
in fed swine during treatment with NA or NA + EE
were slightly, but not significantly, lower than control
(45+03vs.49+0.5and4.3 £0.2vs.5.0 = 0.5 mM,
respectively, P > 0.5, Table 2). By contrast, mean ar-
terial plasma insulin levels were significantly lower
than controls during treatment with either NA
(14 =2 vs. 41 =12 pU/ml, P <0.05) or NA + EE
(13 2 vs. 28 =6 uU/ml, P < 0.05).3

Concentrations of plasma TGFA and VLDL TGFA
during treatment with NA or NA + EE were signifi-
cantly lower than control. Although the mean arterial
plasma levels of TGFA and VLDL TGFA were slightly
lower during intraduodenal vs. intravenous glucose,
the difference was not significant (P >0.2). The
mean arterial concentration of acetoacetate during
NA + EE was similar to control (49 =5 vs. 73 £29
mM) as was that of B-hydroxybutyrate (16 = 1 vs. 21
+ 4 mM, respectively, n = 3 per group).

Metabolism of FFA

Values for rates of net inflow transport, splanchnic
extraction fraction (radiochemical), and splanchnic
uptake of FFA were similar during treatment and
control periods (Table 3). There was also no dif-
ference in FFA metabolism between studies in which
glucose was given intraduodenally vs. intravenously.
Total splanchnic production of ketone bodies was
small and could account for at most 22 + 5% of FFA
uptake during administration of NA + EE vs. 12 + 3%

® Wolfe, B. M,, and E. B. Marliss. Unpublished observations.
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in controls (n = 3 per group). Splanchnic production
of acetoacetate during treatment with NA (0.8 + 0.1
pmol/min-kg body wt®™) was similar to NA + EE
(1.0 = 0.1 wmol/min- kg body wt*); however, NA + EE
gave significantly higher values than controls (0.4
+ 0.1 pmol/min- kg body wt®™, P < 0.05). Splanchnic
production of B-hydroxybutyrate during NA + EE
was similar to control (0.3 = 0.1 vs. 0.2 = 0.1 pmoV/
min-kg body wt®", respectively).

Secretion of plasma TGFA

In control experiments, an average of about one-
fifth of the FFA removed by the splanchnic region was
secreted as TGFA into hepatic venous plasma (Table
4). Treatment with either NA or NA + EE significantly
reduced this fraction. By contrast to the experiments
in which NA was given, EE alone had no significant
effect on splanchnic conversion of FFA to plasma
TGFA (P > 0.6).

As in previous studies in glucose-fed miniature
swine (20), values for the ratio of specific activity of
arterial VLDL TGFA to estimated specific activity of
FFA entering liver reached a plateau within 180 min of
starting the infusion of radioactive palmitate. Only a
small fraction of plasma VLDL TGFA was derived
from FFA; this was unatfected by NA and/or EE or by
the route of glucose administration. Most of the VLDL
TGFA (73-89%) were derived from precursors other
than circulating FFA (released from adipose tissue
stores and other sources).

Total splanchnic secretion of plasma TGFA fell
significantly in response to treatment with either NA
or NA + EE (P < 0.05, Table 4); by contrast, EE alone
had no significant effect (0.3 > P > 0.4). Two mech-
anisms can explain the decreased secretion of TGFA.
During NA therapy there was a major reduction in
splanchnic secretion of plasma TGFA derived from
precursors other than FFA, as compared to matched
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TABLE 3. Metabolism of free fatty acids®

Splanchnic
Comparison of Splanchnic Uptake/
Treatment No. of Net Inflow Extraction Net Inflow
Periods Period Experiments Transport Fraction® Uptake Transport
molimin-kg®™ amollmin -kg®™
NA vs. C NA 5 8.0=x23 0.35 = 0.05 2.26 +0.94 0.25 = 0.04
C 5 70+ 1.0 0.33 £ 0.06 1.70=0.29 0.25 + 0.04
NA + EE vs. C NA + EE 5 51=0.7 034 +£0.03 141 =+0.17 0.28 + 0.02
Cc 5 53 = 1.1 0.32 2005 1.56 = 0.36 0.29 + 0.02
EE vs. C EE 4 56+ 0.3 045+ 002 2.03 +0.38 0.36 = 0.05
C 4 73+ 08 0.38 £ 0.07 2.13+049 0.28 * 0.05
ID vs. IV ID 3 52+ 1.3 035 +0.03 152=+0.19 0.31 = 0.04
v 3 52+ 16 0.34 £ 007 159 = 0.53 0.30 = 0.03

® Means + SEM. Mean values for individual experiments were derived from four to eight sets of samples of arterial and

hepatic venous blood obtained over 3 hr.
* Based on extraction of radioactive palmitate.

control experiments (0.63 + 0.14 vs. 1.68 + 0.39 umol/
min-kg body wt®", respectively, P <0.05), and a
smaller decrease in the secretion of TGFA that were
derived from FFA (0.20 = 0.06 vs. 0.32 = 0.16 pmol/
min -kg body wt®? in control experiments, 0.1
>P >0.2). The decrease in splanchnic secretion of
TGFA during combined therapy with NA + EE was
due to significant decreases in both the secretion of
TGFA derived from FFA (0.10 = 0.03 vs 0.34 = 0.10
pmol/min - kg body wt®™) and of TGFA derived from
non-FFA precursors (0.58 + 0.22vs 1.51 + 0.32 umol/
min- kg body wt®%, P < 0.05).

In ten experiments, portal venous blood was also

sampled so that it was possible to calculate both
hepatic and splanchnic secretion of plasma TGFA.
Splanchnic secretion of TGFA under control condi-
tions averaged 91 * 5% of hepatic secretion (n = 4,
0.1 >P > 0.2); during administration of the contra-
ceptive steroids the mean value was 96 + 5% (n = 6,
two in each group, P > 0.4).

Arterial plasma cholesterol levels were measured
after 8 hr of glucose infusion in control experiments
as well as in those in which NA and/or EE was given.
There were insignificant decreases in cholesterol levels
below control values during administration of NA in
three of four swine given EE (61 £ 7 vs. 67 + 6 mg/d],

TABLE 4. Splanchnic metabolism of plasma TGFA*“

Secretion of

Comparison of Labeled TGFA/ SAvion rora/

Treatment No. of Uptake of SArra 4\ Secretion of
Periods Period Experiments Labeled FFA ( 2 ) TGFA¢

wmol/min - kg®™

NA vs. C NA 5 0.13 £ 0.03¢ 0.265 = 0.086 0.8 £0.1¢f
C 5 0.22 + 0.05 0.189 = 0.041 2.0 £ 04

NA +EEvs.C NA+EE b5 0.07 + 0.02¢ 0.140 * 0.035 0.7 £ 0.3¢f
C 5 0.18 = 0.03 0.140 = 0.033 1.9 £ 0.4
EE vs. C EE 4 0.19 £ 0.03 0.154 = 0.024 1.9 £ 0.3
C 4 0.28 + 0.05 0.178 + 0.041 26 +04
ID vs. IV iD 3 0.17 £ 0.03 0.154 + 0.047 1.7 £ 04
v 3 0.14 = 0.04 0.112 + 0.029 1.8 £ 0.7

¢ Means + SEM derived from four to eight simultaneous sets of arterial and hepatic venous
blood samples for each experiment.

b Specific activity of arterial VLDL TGFA relative to the mean specific activity of arterial
and hepatic venous FFA during the time interval when the value for this ratio was constant
(after 180 min infusion of the albumin-palmitate complex).

¢ Value based on average specific activity of FFA of arterial and hepatic venous blood plasma.

4 Value for each experiment based on four to eight determinations of transsplanchnic
radiochemical gradients of TGFA (see Methods).

¢ Significantly different from control period, P < 0.05.

! Significantly different from EE, P < 0.05.
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0.4 > P > 0.5), and four of five swine given NA + EE
(52 = 6 vs. 64 = 2 mg/dl, 0.1 <P <0.2). Cholesterol
levels in glucose-fed animals during treatment with
NA alone were similar to control values (65 + 4 vs.
66 = 3 mg/dl, respectively).

DISCUSSION

The present studies demonstrate that noreth-
indrone acetate markedly lowers the concentration
and rate of transport of plasma TGFA in glucose-
fed swine. The studies were performed in a nutri-
tional setting that would be expected to promote high
rates of TGFA synthesis from carbohydrate and high
rates of TGFA transport, with low rates of FFA
mobilization. Under these conditions, the potential
inhibitory effects of an agent on hepatic TGFA synthe-
sis from carbohydrate precursors might be more
readily demonstrable than in the fasting state when
lipogenesis is low.

Metabolism of FFA

Values for net inflow transport and splanchnic up-
take of FFA in the present study were based on the
constant infusion of albumin-bound radioactive pal-
mitate. For technical reasons, they may be slightly
high even though they are 5-fold lower than values
calculated for swine fed ad lib (30).4

Neither plasma concentration (Table 2) nor other
measures of transport of FFA (Table 3) were signifi-
cantly influenced by EE and/or NA, in accord with find-
ings in women receiving a variety of oral contra-
ceptive steroids (31) and in o6phorectomized women
given estradiol benzoate or progesterone (32). By
contrast to NA, progesterone has been reported to
elevate insulin levels in both fed and fasted rats;
however, FFA levels were unaffected (8). FFA trans-

41In two studies under control conditions and in three during
administration of EE, [9,10-*H]palmitic acid complexed to porcine
serum albumin with a lower molar ratio (FFA:albumin = 0.2) was
infused simultaneously with [1-"*C]palmitic acid similarly complexed
with the higher molar ratio (FFA:albumin = 0.4) that was generally
used in these studies. The lower FFA:albumin ratio gave
significantly lower values for total netinflow transport of FFA (mean
47 + 3% of respective values using the higher ratio of FFA:albumin)
and splanchnic uptake of FFA (mean 45 + 3%, respectively);
however, the mean value for the ratio of specific activity of arterial
VLDL TGFA relative to the estimated specific activity of FFA
entering liver was also proportionately lower (mean 45 * 3%,
P < 0.01). The lower values for the ratio:

SAVI,DL T(EFA/SFFA ath
F]

with the lower palmitate:albumin ratio compensated for the lower
splanchnic uptake of FFA so that the respective values for
splanchnic secretion of TGFA averaged 95 *+ 14% of those obtained
using the higher FFA:albumin ratio (P > 0.4).
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port was unaffected despite the lower serum insulin
concentrations during treatment with NA or NA
+ EE. This may relate to the potent antilipolytic effect
of even low concentrations of insulin (33). The failure
of plasma glucose levels to change despite the lower
insulin levels during NA treatment suggests that fewer
insulin molecules achieved the same hormonal ends.
Thus NA treatment may have resulted in an altera-
tion in the insulin—-receptor interaction which was op-
posite in direction to that occurring in insulin resist-
ance (34). By contrast, estradiol benzoate has been
reported to elevate plasma FFA levels in fasted
rats (8, 35).

Metabolism of TGFA

The mean fraction of FFA removed by the splanch-
nic region that appeared in hepatic venous TGFA was
significantly reduced by either NA or NA + EF (Table
4). Since only a minor portion of the secreted TGFA
was derived from FFA (as indicated by the ratio

SAvioL rera/SAFra 441
2

the quantitative effect of this change in the handling of
FFA on overall total TGFA secretion was small.
However, the inhibitory effect of NA or NA + EE
on secretion of TGFA derived from non-FFA pre-
cursors was much larger (see Results).

The marked inhibition of splanchnic secretion of
TGFA by NA or NA + EE in the present studies is in
striking contrast to findings in other species that have
been treated with various progestational and andro-
genic steroids. A large dose of progesterone (16,000
pg/day - kg body wt®”) was found not to influence en-
try of TGFA into blood plasma of the rat (8). Like-
wise, the triglyceride-lowering androgenic steroid
oxandrolone has been found not to significantly
influence entry of VLDL TGFA into human blood
plasma (36). NA causes an increase in postheparin
lipolytic activity concurrent with the lowering of
plasma triglycerides in man (18); however, it is not
known whether this increased postheparin plasma
lipolytic activity reflects increased hepatic lipase (as in
the case of oxandrolone) (37) or increased lipopro-
tein lipase activity. It is unnecessary to postulate an
increase in lipoprotein lipase activity in glucose-fed
swine during NA treatment because splanchnic secre-
tion and disposal of plasma TGFA declined together.

The metabolic explanation for the NA-induced re-
duction of splanchnic secretion of TGFA derived
from precursors other than FFA likely relates to
inhibition of one or more steps in the synthesis of
triglycerides from their precursors. Ultrastructural
changes, such as depletion of glycogen granules, have
been reported to occur in the livers of baboons treated
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with norethindrone (38). Indirect evidence suggests
that liver glycogen may be a precursor of plasma
TGFA in the glucose-fed state (20, 29). It is tempt-
ing to speculate that the lower serum insulin levels dur-
ing NA or NA + EE may play a role in both the
decreased hepatic secretion of plasma TGFA and the
increased acetoacetate production. Failure of B-hy-
droxybutyrate production to increase during NA ad-
ministration may reflect a shift in the redox poten-
tial of the mitochondria to a more oxidized state. Such
a change is thought to occur in fasted human subjects
during clofibrate treatment (39). Insulin deficiency de-
presses hepatic lipogenesis (40, 41) while enhancing
ketone body production (22). However, it remains un-
certain as to whether an excess of insulin beyond a
certain point stimulates normal lipogenesis.

Although administration of the conventional dose
of EE to glucose-fed miniature swine failed to increase
plasma levels or hepatic secretion of TGFA and failed
to increase either the incorporation of FFA into
plasma TGFA or the fraction of plasma VLDL TGFA
derived from precursors other than FFA (as an indi-
cation of an effect on de novo synthesis of fatty
acids in liver), the present studies do not constitute
a proof for the lack of effect of EE. Further
studies involving perhaps different diets and dose
levels of EE will be required to‘evaluate this matter.
EE has been reported to increase the incorporation of
oleate into hepatic and perfusate triglyceride in the
livers of fasted rats (42), whereas diethylstilbesterol
increases triglyceride production in chick livers (16).
Stimulation of de novo synthesis of VLDL has been
reported with 17-8 estradiol using rooster livers
(9) and with diethylstilbesterol using chick livers (16).
Intramuscular injection of 17 ug of estradiol benzoate/
day-kg body wt®™ has also been reported to en-
hance TGFA entry into the blood plasma in fed rats
(8). Postmenopausal women studied in the post-
absorptive state while receiving conjugated equine es-
trogens have also been found to have a marked in-
crease in VLDL TGFA production rate (14), as have
healthy young women given various combinations of
oral contraceptive steroids (15). Since we did not study
incorporation of precursors into hepatic lipids, we
can not exclude the possibility that EE might have
stimulated lipogenesis, but that VLDL secretory rates
were limiting to TGFA secretion. It is conceivable
that rates of VLDL TGFA secretion were already
maximal under control conditions of hypercaloric glu-
cose infusion and that any possible effect of EE on
hepatic lipogenesis could therefore not be manifested
in increased secretion.

The similarity of hepatic metabolism of FFA and
TGFA during intraduodenal and intravenous glucose
infusion suggests that the latter route of substrate

administration yields physiologically valid informa-
tion. No evidence was obtained in the swine to support
the notion that the intestinal mucosa plays a major
role in carbohydrate-induced hypertriglyceridemia
(43). The present studies of lipid transport were per-
formed using conventional doses of NA and/or EE
(10, 11) under physiological conditions of glucose
feeding. Similar studies are planned to explore the
metabolic effects of these agents in the fed state in
women. The lowering of plasma cholesterol levels in
three of four glucose-fed swine during treatment with
EE (although statistically not significant) is in accord
with findings in fasted human subjects (32, 44).15
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