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Sex Steroid Influence on Triglyceride Metabolism

HAK-JOONGKIM and RONALDK. KALKHOFF

From the Endocrine-Metabolic Section, Division of Medicine, Medical College
of Wisconsin, Milwaukee, Wisconsin 53226

A B S T R A C T Triglyceride metabolism was investi-
gated in groups of fed and fasted rats after 21 days of
parenteral estradiol (5 gg daily), progesterone (5 mg
daily), or the two steroids in combination. Results were
compared with control groups receiving an oil solvent
alone. In rats given estradiol separately or combined
with progesterone, hypertriglyceridemia was uniformly
associated with increased plasma triglyceride entry,
estimated with the i.v. Triton WR1339 technique. Pro-
gesterone alone had no effect on these parameters.

Plasma postheparin lipolytic activity (PHLA), adi-
pose, mammary gland, and protamine-resistant lipo-
protein lipases (LPL) were significantly increased in
progesterone-treated rats and significantly decreased in
rats receiving estradiol with the exception of mammary
gland LPL, which was also increased to a slight extent.
The combined regimen reduced plasma PHLA and in-
creased protamine-resistant, adipose, and mammary
gland LPL activity.

Sex steroid treatments had minimal effects on plasma
glucose and free fatty acid concentrations, but all in-
creased plasma insulin significantly. Hyperinsulinemia
did not parallel changes in body weight or other mea-
sured parameters. Linear regression analyses revealed
that plasma triglyceride concentrations in all fed, treated
rats correlated significantly with triglyceride entry but
not very uniformly with plasma or tissue LPL activity.

We conclude that estradiol, unlike progesterone, has
substantial lipemic effects in the rat which relate best
to triglyceride entry. Hyperinsulinemia, changes in
body weight, plasma PHLA, and tissue LPL activities
did not consistently predict the influence of sex steroid
treatment on plasma triglyceride concentrations.

INTRODUCTION
Estrogens induce elevated plasma triglycerides (1, 2)
and undoubtedly have a role in the development of
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hyperlipemia observed during advancing pregnancy or
after the administration of oral contraceptive agents
(3, 4). However, some progestins lower plasma trigly-
cerides and have been utilized in the treatment of
certain lipid disorders (5).

The means by which these steroid hormones influence
triglyceride metabolism are not well defined. Estrogen-
induced hyperlipemia was thought to reside in impaired
peripheral tissue removal of triglyceride, a conclusion
based on the suppressive effects of natural and synthetic
estrogens on plasma postheparin lipolytic activity,
PHLA (6, 7).' More recent studies suggest that pe-
ripheral removal is actually normal in these instances
(8, 9). Although the lowering of serum triglyceride by
progestin treatment correlates with increased PHLA
(5), more precise events responsible for these effects
are also unknown.

Other in vitro investigations that have focused atten-
tion on hepatic synthesis and release of lipid into the
circulation also do not resolve the problem. After estro-
gen treatment, precursor incorporation into hepatic tri-
glycerides has been shown to be normal (10), decreased
(11), or increased (12). Oral contraceptive agents and
other combinations of estrogen and progesterone appear
to increase hepatic turnover of this lipid (13, 14).

In the present study female virgin rats were exposed
to physiologic doses of estradiol and progesterone singly
or in combination, for 21 days, a normal rat gestation
period. Effects of these regimens on triglyceride entry
were compared to their action on plasma PHLA, adi-
pose, mammary gland, and protamine-resistant lipopro-
tein lipase (LPL). These data, in turn, were correlated
with alterations of other plasma substrates and insulin
concentrations.

The results of our investigation suggest that triglyc-
eride entry into the plasma compartment is an impor-
tant determinant of plasma triglyceride alterations after
sex steroid administration.

'Abbreviations used in this paper: PHLA, postheparin
lipolytic activity; LPL, lipoprotein lipase; TG, triglyceride;
E, estradiol; P, progesterone; E+P, estradiol plus proges-
terone; apo-VLDL, apo-very low density lipoprotein.
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METHODS
Preparation of animals. Female Sprague-Dawley rats

weighing 220-230 g were fed Purina Rat Chow ad lib.
(Ralston Purina Co., St. Louis, Mo.) and housed in quar-
ters with controlled temperature (240C) and light (6 a.m.-
6 p.m.). Animals were subdivided into four groups. Con-
trol rats received intramuscular sesame oil alone for 21
days. A second group received estradiol benzoate (E) in
oil, 5 ,ug daily for the same period. The third group was
given progesterone (P) in oil, 5 mg daily for 21 days.
The fourth group was on a combined regimen (E+P),
5 Ag and 5 mg of the two hormones, respectively, during
the 3-wk period. One-half of the total dose was injected
twice daily; injection sites were rotated and volumes of
injection did not exceed 0.2 ml.

On the 22nd day, certain groups were studied after 2 h
of fasting (hereafter, considered the "fed" animals). Other
groups were studied after a 12-h fast. Water was not
withheld.

Triglyceride entry studies and measuiremzentts of plasma
Triton. Triglyceride entry into the plasma compartment
was estimated according to an established method (15).
Rats were placed under light ether anesthesia. Triton
WR1339 in 0.15 M saline, pH 7.4, was injected into a tail
vein in a dosage of 40 mg/100 g body weight. Blood
samples were obtained from the retroorbital plexus before
(0 min) and 90 min after injection. Plasma Triton con-
centrations were measured in 0- and 90-min samples
according to a published method (16). The extraction
procedure was modified by increasing the relative amount
of isopropranol (100 vol/vol of serum).

At 90 min, 0.5 ACi of .25I-albumin 2 was injected intra-
venously and after 5 and 10 min, additional 0.5-ml blood
samples were obtained. Duplicate plasma samples (100 pi)
were counted in a Packard autogamma spectrometer
(Packard Instrument Co., Inc., Downers Grove, Ill.).
The total counts per minute at 5- and 10-min intervals
were plotted on semilogarithmic graph paper, and 0-min
counts were extrapolated. Plasma volumes were calculated
from the following equations (17)

Plasma volume (ml)

cpm/100,41 of injected 'l25-albumin
cpm/100 1A of plasma at 0 min

X dilution factor.

Knowing plasma volume triglyceride (TG) entry is esti-
mated by the equation below:

TG entry (/Lmol/90 min) =
plasma volume (ml) X (90 min TG plasma

concentration increment [/Lmol/ml]).

Preparation of postheparin plasma. Blood samples were
obtained from the retroorbital plexus of fed animals under
light ether anesthesia at 0 min. 250 IU of heparin/kg body
weight was then injected into the tail vein, and a second
blood sample was withdrawn from the abdominal aorta

a In preliminary, unpublished studies, radioiodinated albu-
min was shown to have initial decay curves similar to
labeled rat albumin when injected into rats.

'The calculation of TG entry rate is an approximation,
since the Triton inhibition of peripheral tissue TG uptake
is 85-90%o complete (15).

10 min later, the time at which average peak PHLA
activity was observed (see Results). Blood was placed in
chilled tubes containing 2 IU of heparin/ml blood. Plasma
was separated by centrifugation at 4°C and frozen at
-200C.

On the day of assay for plasma PHLA, 50 Al of pre-
and postheparin plasma was preincubated simultaneously
for 10 min at 270C with an equal volume of 0.05 M
NH4OH-NH4Cl buffer, pH 8.4. The control preincubations
were performed in triplicate and compared to a second
triplicate system containing protamine sulfate (7.5 mg/ml
buffer).

Preparation of adipose tissue and manmnary glands.
Fed rats were decapitated and parametrial fat and in-
guinal-abdominal mammary glands were excised. After
washing three times with 0.15 M saline at 40C, the tissues
were blotted free of excess saline and quickly weighed.
Tissues were homogenized in a Waring blendor (Waring
Products Div., NewHartford, Conn.) containing 50 vol of
acetone at 4VC for 1 min. Adipose tissue homogenates were
filtered through Whatman no. 5 paper on a Bilchner funnel.
Residues on filter paper were washed three times with 50
ml cold acetone and three times with 50 ml of anhydrous
diethyl ether (18). Residues were then placed in a desiccator
jar and traces of ether removed by vacuum suction. Dried
residues were stored at 4°C in zvacuo, and lipase activity
was measured within 2 wk. With this method of storage
some loss of enzyme activity (up to 10%) is unavoidable.
For this reason representative residue from control and
treated rats stored for identical durations were always
assayed together on the same day.

Mammary gland homogenates obtained from the Waring
blendor were treated in a similar fashion (19, 20) except
that filtering was done with cheesecloth before subsequent
filtering with Whatman no. 5 paper. Milk was not removed
from glandular tissue.

Preparation of tissue extracts for LPL assay. Tissue
powder was homogenized in 0.05 M NH40H-NH4Cl buffer,
pH 8.4 containing 1 IU of heparin/ml. Known weights of
adipose tissue powder (5 mg/ml) or mammary gland pow-
der (10 mg/ml) were homogenized with a motor-driven
Teflon pestle inserted into a Potter-Elvehjem glass ho-
mogenizer at 4VC for 2 min.

After standing 60 min in the cold, homogenates were
centrifuged for 10 min at 2,000 rpm at 4°C. Supernates
were withdrawn for LPL assay and for measurements of
protein content (21). Additional aliquots of both super-
nate and precipitate were taken for determinations of DNA
(22).

Preparation of artificial lipid enmulsion. Pyrex glass
tubes (1.8 X 10 cm) were placed in an ice bath at 0C. 270
mg of triolein, 20 ACi of [2-3H]glyceryl trioleate, 16.2 mg
of egg lecithin, 2.0 ml of 10% albumin (fatty acid poor)
in ammonium buffer at pH 8.0, 1.6 ml of 2 M Tris-HCl
buffer, pH 8.4, and 1.4 ml of water were added to the tubes
(23). These were sonicated in a Branson Sonifier (model
LS 185C, Heat Systems-Ultrasonics, Inc., Plainview, N. Y.),
tuned to 60 W/s. 1-min sonication periods were followed by
a 1-min pause and repeated two additional times.

The emulsion was activated by the addition of 12.0 ml
of apo-very low density lipoprotein (apo-VLDL), 250 mg
of apo-VLDL protein/ml of ammonium bicarbonate buffer,
pH 8.6, for 30 min at 370C. The apo-VLDL was prepared
from plasma obtained from a patient with type I (Fredrick-
son) hyperlipoproteinemia. Techniques for preparation are
outlined elsewhere (24-26).
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TABLE I
Plasma Substrate and Insulin Concentrations in Fed and Fasted Animals

Animal group*

C E P E +P

Glucose, mg/100 ml 141±8 146±7 136±6 138±6
(118±4) (125±6) (115±3) (120±6)

Free fatty acids, ,.eq/liter 194±8 258±30 172±24 241±31
(529±30) (612455)j (580442) (598±48)

Insulin, IAU/ml 26±4 35±44 35±4T 42461
(11±1) (30±-4)4 (2745)1 (21+3)4

TG, /Amol/ml 1.6±40.21 3.234±0.6$ 1.5 ±0.17§ 2.574±0.21111
(1.16±0.11) (2.32±0.23)4 (1.22±0.13) (2.340.27)*

Percent weight gain 19±2 12±42 31±1-§ 2443§1
(7±1) (9±2) (17±14 (12±1)4

* There were 15 animals in each fed group and 25 animals in each fasted group. Values for fasted
animals are in parentheses.
t§11 Significance of the difference between corresponding group means ±SEM: ($) control (C) vs.
other group, P < 0.05; (§) E vs. P or E + P. P < 0.05; (II) P vs. E + P. P < 0.05.

PHLA and tissue LPL assays. Activated lipid emulsion
(0.6 ml) was added to preincubated plasma samples or to
0.2-0.4 ml of mammary gland or adipose tissue extracts
(see previous sections). Final volume was adjusted to 1.0
ml with 0.05 Mammonium buffer.

Tubes were placed in a Dubnoff metabolic shaker and
incubated for 60 min at 37°C. The reaction was terminated
by the addition of 1.0 ml of 10% trichloroacetic acid (wt/
vol). Vigorous mixing was followed by cold centrifugation
for 10 min at 2,000 rpm. 1.0-ml supernates containing newly
formed [3H]glycerol were mixed with a scintillation liquid
and counted (23).

PHLA activity was expressed as umol glycerol released/
ml plasma per 60 min. Tissue LPL activity was recorded
as nmols glycerol released per g wet weight, per mg tissue
protein, or per ,g DNAin 60 min.

Plasma substrate and hormone measurements. Plasma
glucose concentrations were determined by a glucose oxi-
dase method. Measurements of plasma free fatty acids, TG,
and insulin were performed by techniques previously pub-
lished (27-29).

Statistical analyses. Comparison of mean values of one
group of rats to corresponding values of another was per-
formed by applying Student's t test to unpaired data, and
correlation coefficients were calculated by linear regression
analysis (30).

Commercial sources of chemicals. [2-3H]Glyceryl triole-
ate was obtained from Amersham/Searle Corp., Arlington
Heights, Ill. Egg lecithin, triolein, p-estradiol-3-benzoate,
and progesterone were purchased from Sigma Chemical
Co., St. Louis, Mo. Bovine serum albumin, fatty acid poor,
was obtained from Miles Laboratories, Inc., Elkhart, Ind.
Radioiodinated albumin and Triton WR-1339 were purchased
from Mallinckrodt Chemical Works, St. Louis, Mo., and
Rohm and Haas Co., Philadelphia, Pa., respectively.

RESULTS
Changes in plasma substrate and insulin concentra-

tions. 3 wk of treatment with E and P, separately or

in combination, had no significant effects on plasma
glucose or free fatty acid concentrations in fed animals.
Similar results were observed in fasted animals except
in the E group whose free fatty acid concentrations
were slightly increased. Insulin concentrations were
significantly increased by all treatment regimens (Ta-
ble I).

E alone or in combination with P elevated plasma
TG levels, whereas P by itself did not alter this param-
eter. Regimens containing P promoted a greater weight
gain over the 3-wk period in contrast to E alone, which
resulted in decreased weight gain in fed rats and normal
weight gain in fasted rats as compared to the control
group. Fasted animals had lower basal glucose, insulin,
and TG concentrations and higher FFA levels than did
the fed group (Table I).

Relationship between Triton dosage and TG incre-
ment. At an intravenous dosage of 40 mg Triton/100 g
body weight, net plasma increments of Triton at 90 min
were not significantly different among the four groups
of animals (Table II). Dosages of 30, 40, 50, and 60
mg/100 g body weight resulted in progressively higher
90-min Triton plasma increments. However, 90-min
plasma TG increments for a given group of animals
were not different in this dosage range. These latter
observations are similar to those reported previously
(31). Therefore, the 40-mg/100 g dose of Triton used
in this study appeared to be adequate for inducing
optimum effects on peripheral TG uptake.

TG entry into plasma. E alone or in combination
with P significantly increased the mean increment of
plasma TG and TG entry 90 min after Triton injection.
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TABLE II
I; Entry into Plasma after Triton Injection in Fed and Fasted A nittials

Animal group

C E p E +P

F-intal bodv m-cighlt, < 257:4-2.6
(260±() 3.7)

Plasma volume, nil

0 min plasma TG concentration, pmol/ml

90 min plasma TG increment, ,umol/ml/90 min

TG entry, ,imol/90 mim

90 min plasma Triton increment, mg/ml

260±)4. )83±4.2T§ 276±4.4$§
(266±4-4.8) (28443.1 )t§ (278±2.7)T§

8.7±0.3 8.7±0.2 9.8640.31§ 9.3O0.2§
(9.2 ±0.3) (10.1 ±0.3)+ (10.5 ±0.3)$ (10.3 40.2)$

1.60±0.21 3.23 40.61 1.5 i0. 1 7§ 2.57 40.21 $
(1.16±0.11) (2.32±0.23)1 (1.22±0.13)§ (2.34±0.27)$1

9.3 ±0.4
(6.2 ±0.3)

15.7±0.6t 8.4±0.8§ 12.2±0.7t§1
(8.7±0.6)4 (6.9±0.5)§ (9.5±0.5)1f

80.7±44.4 137.47-7.7 80.5i7.3§ 1 12.6±5.5t§1
(60.3±4.8) (83.2±7.3)4 (72.0±t5.2) (94.046.7)T$

5.5 ±0.1
(5.3 ±0.6)

5.6±0.2
(5.5 i0.5)

5.64±0.1
(4.9 ±0.8)

5.8±0.4
(5.0±0.7)

* 10 animals were in each fed group, and 25 animals were in each fasted group. Values of fasted animals are in parentheses.
t§11 Significance of the difference between corresponding group means4±SEM: (1) control (C) vs. other groups, P < 0.05;
(§) E vs. P or E + P, P < 0.05; (jf) P vs. E + P, P < 0.05.

P treatment, however, produced changes that did not
differ from control values (Table II).

Plasmna PHLA. 25 IU of heparin/100 g body weight
injected i.v. induced peak PHLA activity within 10 min.
This observation was based on a study of 44 rats and
measurements of PHLA at several different intervals
after heparin administration (Fig. 1).4

PHLA in the absence or presence of protamine addi-
tions was depressed to the greatest extent by E and was

slightly, though significantly diminished by the com-

bined regimen. P had the opposite effect and increased
PHLA approximately 11% (Table III).

Protamine additions had significant inhibitory effects
on PHLA, and E or P alone, respectively decreased
and increased lipolytic activity relative to control values.
However, the combined regimen in this instance was

associated with lipolytic activity that was higher than
control means unlike that observed in the absence of
protamine.5

'This dose of heparin is relatively large. It was chosen,
because another laboratory has shown recently that PHLA
in plasma of rats treated in this way is more stable during
subsequent in vitro preincubations. Lower doses of heparin,
however, (10 IU/100 g body weight) induced plasma
PHLA that was unstable and substantially reduced in
activity during ensuing preincubations (32).

'It should be pointed out that protamine, when added
to this in vitro system, suppresses extrahepatic LPL more

than 90%o. Hepatic LPL, however, is depressed only 10%
below total activity (33). Results obtained in the presence
of protamine, then reflect mostly hepatic LPL. activity.

Mammary gland and adipose tissue LPL. LPL ac-

tivity in adipose tissue and mammary glands was

greatly increased by P alone or when combined with E.
However, the two tissues differed with respect to E
treatment. In mammary gland, LPL activity was higher
than control values, and the sum of P- and E-induced
changes was approximately equivalent to the LPL ac-

tivity associated with the combined regimen. In adipose
tissue, E suppressed LPL activity unlike the opposite
effect of this hormone on the mammary gland. Other-
wise, P and E + P had similar effects on LPL activity
in 1)th tissue.s. These relationships applied to data ex-
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FIGURE 1 Postheparin plasma lipolytic activity in normal
female rats at varying intervals after intravenous heparin,
25 IU/100 g body weight. Each value represents mean±

SEXM for six animals.
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TABLE III
Effects of Sex Steroid Treatment on Rat Plasma PHLA in Fed Animals

Animal group*

PHLA C E P E + P

Total PHLAt (without protamine) 5.95 ±0.19 4.534±0.2§ 6.5840.12§1J 5.214±0.13§ ¶1T
Protamine-resistant PHLAt 0.66±0.02* 0.26±0.2§ 0.8540.03§1j 0.84±0.05§1j
* There were 10 animals in each group.
$ Activities are expressed as micromoles glycerol released per milliliter plasma in 60 min at 370C.
§j1 ¶ Significance of the difference between group means4SEM: (§) control (C) vs. other groups
P <0.025; (11) E vs. P or E + P, P <0.025; (¶) P vs. E + P, P <0.001.

pressed in terms of lipolytic activity per unit tissue
weight, protein, or DNAcontent (Tables IV, V).

Correlation coefficients relating plasma TG concentra-
tions to TG entry or to lipolytic activity. In fed rats,
plasma TG levels related uniformly and most signifi-
cantly to TG entry. Although inverse correlations were

also observed between plasma TG and adipose LPL ac-

tivity, significance was achieved only in the control
group. Relatively poor correlations existed between
plasma TG concentrations and plasma PHLA and pro-

tamine-resistant PHLA. In the mammary gland, it was

of interest that LPL activity tended to parallel concen-

trations of plasma triglyceride and this was significant
after P administration (Table VI).

DISCUSSION

E by itself or in combination with P increases plasma
TG in fed and fasted rats. P, however, had no signifi-
cant effect on this parameter. The results are consistent
with a number of previous reports of plasma TG altera-
tions after administration of both natural and synthetic
estrogens, including those contained in oral contracep-
tive agents, to animals and human subjects (34).

Since plasma concentrations of this lipid are deter-
mined, in part, by rates of entry into the circulation, this

investigation focused attention on an index of this event.

It is well known that liver synthesis and release of TG-
containing lipoproteins accounts for at least 90% of cir-
culating TG in the fasting state (35). Our results dem-
onstrate a good relationship between elevated plasma
TG concentrations and increased TG entry in both fed
and fasted rats exposed to E alone or in combination
with P. This suggests that an important action of E that
is responsible for hypertriglyceridemia is increased hep-
atic release of this lipid.

Augmented TG entry from liver may relate to several
metabolic events. Previous studies from this laboratory
that employed a similar animal model have shown in-
creased in vitro incorporation of precursors into hepatic
TG in animals exposed to E + P (10). Additional in-
vestigations of a variety of animal species treated with
higher, less physiologic doses of estrogens, report sim-
ilar in vitro results in most, but not all instances (11,
12). More recently, endogenous TG turnover has been
shown to be increased in women receiving conventional
oral contraceptive agents or synthetic estrogens (13,
14). These reports collectively suggest that estrogens
increase hepatic biosynthesis of TG. It remains to be
determined whether this hormone also has selective ef-
fects on hepatic carrier apolipoprotein synthesis as re-

TABLE IV
Effects of Sex Steroid Treatment on Rat Adipose Tissue LPL Activity in Fed Animals

Animal group*

Parameters C(19) E(22) P(21) E + P(21)

Tissue protein content, %of wet tissue weight 1.9±0.1 1.8±0.1 1.5±0.1§II 1.640.1§

LPL, Ut
permg protein 73±9 40±6§ 118417§11 119+17§I1
per ,ug DNA 2.5 +0.4 1.440.2§ 3.5 40.5§1 4.4±t0.7§il
per g wet tissue 287 +55 159±425§ 670±i 142§11 594 ± 1 16§tI¶

* Numbers in parentheses are the number of animals studied in each group.
t 1 U is defined as 1 nmol glycerol released in 60 min at 370C.
§11 Significance of the difference between group means±SEM: (§) control (C) vs. other groups, P < 0.05;

(II) E vs. P or E + P, P 0.05; (¶) P vs. E + P, P < 0.001.
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TABLE V

Effects of Sex Steroid Treatment on Rat MammaryGland LPL Activity in Fed Animals

Animal groups*

Parameters C E P E + P

Tissue protein contents, %tc of wet tissue weight 6+0.3 7.7 +0.4§ 5.7+0.4 6.3+0.3

LPL activity, Ut
per mg protein 2.2+0.6 4.4+0.7§ 16.444.4§jj 27.146.8§11
per mg DNA 24+8 76+11 194i57§11 430+110§II
per g wet tissue 38+9§ 163430§ 386+124§ 7634229§11

* There were 10 animals in each group.
1 U is defined as 1 nmol glycerol released in 60 min a

§11 Significance of the difference between group means:
(1) E vs. P or E + P, P < 0.025.

ported in other species (36) or suppressive action on
intrahepatic lipolytic activity which would also contrib-
ute to these changes.

Another potential mechanism responsible for changes
in plasma TG concentrations after sex steroid exposure
is altered peripheral tissue removal. Plasma TG catab-
olism and subsequent tissue uptake of free fatty acid
moieties are controlled by LPLs, a family of enzymes
measurable in both plasma and tissues of mammalian
species (37). Although various tissue and plasma lipo-
lytic activities cannot be equated with rates of lipid
removal directly, a strong inverse correlation between
serum TG levels and activities of specific lipases would
suggest a cause and effect relationship. Such a relation-
ship was not found in all instances.

Adipose tissue is a rich source of LPL and a major
site of TG removal from plasma (37, 38). E treatment
was associated with the greatest elevations of this
plasma lipid and was the only situation where increased
TG entry and significant suppression of LPL were ob-
served in both adipose tissue and liver (i.e., protamine-
resistant LPL) as well as in postheparin plasma. In the
context of LPL, then, one might conclude that a defec-
tive removal mechanism contributed to the plasma lipid
disturbance induced by estrogens. Mammary gland tis-
sue responses must be separated from these findings,
however, since its LPL activity increased during estro-
gen treatment, and it is not known to what extent this
steroid modifies lipases in other tissues not examined in
this study.

Other data do not support a major influence of LPL
activity on plasma TGs with other treatment regimens.
In the majority of instances P by itself or combined
with E increased tissue LPL activity whereas plasma
lipid was either unchanged or increased. Finally, calcu-
lations of correlation coefficients which assessed the
statistical relationships between plasma TG and plasma
PHLA or tissue LPL failed to reveal significance in

(§) control (C) vs. other group P < 0.01;

most cases in contrast to a highly significant correlation
between plasma levels and TG entry.

The differential effects of sex steroids on plasma
PHLA and various tissue LPL activities might be ex-
plained in several different ways. First, conventional
in vitro measurements of LPL activity are known to be
modified by relative concentrations of both inhibitory
and stimulatory cofactors derived from apo-VLDL
(39). Some of the discrepancies between activities in
plasma and tissues, then, may be caused by uncontroll-
able differences in levels of these cofactors in the plasma
assay system.6

Differential actions of sex steroids on tissue LPL ac-
tivities may also relate to indirect effects of estrogen or
P on other hormones which may have an influence on
specific tissue LPL activities. For example, increased

8In the presence of increasing amounts of serum from
rats treated with E or E+P, adipose LPL activities are
progressively suppressed (40).

TABLE VI
Correlation Coefficients Relating Plasma TG Concentrations

to Other Parameters in Fed Rats

Animal groups

Parameters C E P E + P

TG entry n* 10 10 10 10
r 0.94§ 0.87§ 0.80§ 0.78§

Adipose LPL n 18 19 20 18
r -0.57$ 0.18 -0.27 -0.50

PHLA n 10 10 10 10
r 0.22 -0.25 0.05 -0.13

Protamine-resistant PHLA n 10 10 10 10
r 0.13 0.02 0.16 0.32

Mammary gland LPL n 10 10 10 10
r 0.30 0.52 0.721 0.56

* n = number of animals in each group.
4 § Significant correlation at 5% level (1) or 1% level (§).
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prolactin and growth hormone release or elevated
plasma concentrations of free cortisol attend the ad-
ministration of E (4143), whereas P has suppressive
effects on pituitary growth hormone release (44). Both
steroids promote hyperinsulinemia in the rat (45). Most
of these hormonal changes have been shown to influence
hormone-sensitive lipases (46), and it is conceivable
that they may also exert effects on LPL activity, since
preliminary reports of prolactin-induced alterations of
both adipose and mammary gland LPL activity have
already appeared (47), and a similar action of insulin
is well established (48).

Our assay system measured glycerol release as an
index of LPL activity. It is also possible that accurate
determinations of this enzyme may have been obscured
by additional effects of these sex steroid regimens on
mono- or diglyceride lipases known to be active under
these assay conditions (49-51). However, actual mea-
surements of these mono- and diglyceride lipases by
other techniques (51) in this laboratory revealed that
alterations of glycerol release by sex steroids could not
be attributed to changes of activity of these enzymes as
opposed to LPL (unpublished data).

There has been much emphasis on the role of hyper-
insulinemia in the development of hypertriglyceridemia
(52). More recently, actual TG entry in obese states
has been related statistically to increased concentrations
of plasma insulin (31). It is also known that plasma
substrate alterations including glucose and increased
free fatty acid flux to liver may also promote hyper-
triglyceridemia (53, 54). In the present study, however,
the effects of three different hormonal regimens did not
consistently change basal glucose or free fatty acid
levels. All treatments did increase plasma concentrations
of insulin to a comparable degree despite different ef-
fects on TG entry, plasma TG concentrations, and LPL.
Moreover, P caused the greatest gains in body weight,
attributed by others to increased carcass fat (55), but
this regimen had little effect on plasma TG. These re-
sults suggest that the influence of E or P on TG metab-
olism is more dependent on the actual steroid adminis-
tered than to changes in plasma glucose, free fatty acids,
insulin, or body weight.

We conclude that LPL activities in plasma and cer-
tain selected tissues do not correlate uniformly with
actual alterations of plasma levels of TG. Others have
also reported normal or increased TG removal despite
depressed plasma PHLA in women receiving estrogen
alone or combined with progestins (14). Of the two
parameters measured in our investigation, LPL and TG
entry, the latter appeared to parallel changes in plasma
TG most consistently. This also suggests that sex ster-
oid influence on plasma TG may be expressed primarily

by their actions on hepatic synthesis and release of
this lipid.
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