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ABSTRACT 

Previous investigators reported that certain combination oral 
contraceptives are associated with significant alterations in serum lipid 
concentrations, namely a decrease in high density lipoprotein and increase 
in low density lipoprotein fractions. The mechanism(s) responsible for 
these changes-remain unclear. In the present study we sought to determine 
the effect of the oral contraceptive components, ethinyl estradiol (EE) and 
norgestrel (N) on hepatic cholesterol metabolism, specifically on 
3-hydroxy-3-methylglutaryl coenzyme A (HMG) reductase. Forty-eight cycling 
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female Sprague-Dawley rats were divided into six groups and treated daily 
with either 0.1 mg or 1.0 mg EE daily, 1.0 mg or 10.0 mg N daily, or 
O.Ul.0 mg or l.O/lO.O mg EE/N in combination daily. Twelve age- and 
weight-matched animals served as controls. No significant changes in 
hepatic HMG reductase activity were observed between those groups treated 
with.either EE or N alone and the control group. However, hepatic HMG 
reductase activity was increased significantly in both EE/N 
combination-treated groups when compared to controls, the EE-treated groups 
and the N-treated groups. These results are suggestive that the changes in 
serum lipids noted clinically in association with oral contraceptive use may 
be related to the induction specifically of hepatic HMG reductase activity 
and subsequent changes in cellular cholesterol synthesis or metabolism. 

INTRODUCTION 

Changes in serum lipid profiles favoring the development of 
atherosclerosis and the interrelated events of cardiovascular accidents, 
specifically myocardial infarction, cerebrovascular accidents and 
thromboembolic phenomena have been noted consistently in association with 
the use of most oral contraceptives (l-5). These cardiovascular 
complications are frequently the limiting factors in extending the use of 
oral contraceptives and potentially represent the gravest impact on the user 
should they occur. One possible explanation for the relationship between 
oral contraceptives and cardiovascular disease may lie in the changes 
induced by estrogens and progestins in plasma concentrations of lipoproteins 
or hepatic cholesterol metabolism. 

Combination oral contraceptives have long been known to produce changes 
in carbohydrate and lipid metabolism. Wynn et al. (6) found increased 
fasting serum triglyceride, cholesterol and mLTevels in a group of 164 
patients using eight different, combination pills. In 1983, Wahl et al. (7) -- 
studied alterations in plasma lipids in response to administration of 
specific dosages of estrogens and progestins of specific types. Of 374 
patients studied, those using a low-dose estrogen with a medium or high dose 
progestin (Ovral, Demulen, Norlestrin) had a 24% higher plasma concentration 
of LDL-cholesterol compared to those using an estrogen-dominant pill. When 
an estrogen-dominant pill was administered (Enovid, Oracon), increased 
plasma levels of HDL were noted. When used alone, estrogen had the 
beneficial effect of increasing plasma concentrations of HDL and decreasing 
plasma concentrations of LDL, findings supported in previous studies (8). 
In additional studies, it was determined that increased serum concentrations 
of cholesterol occurred secondary to an increase in serum concentrations of 
LDL-cholesterol (9.10). The imoortance of these chanaes in serum liDid 
profiles becomes'apparent when considered in relation-to the 
well-established association between cardiovascular disease and similar 
changes in lipoprotein profiles (11). 

Data from animal studies are indicative that changes in cholesterol and 
LDL metabolism secondary to estrogen are due to changes in LDL receptor 
activity. Early studies in estrogen-treated rats were demonstrative of 
increases in LDL receptor-mediated catabolism and marked hypolipemic effect 
(12,13). The effect of specific combinations of estrogen and progestin on 
activity of LDL receptors or HMG reductase has not been studied and 
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potentially could explain, in part, the changes in lipoprotein patterns 
noted in patients taking oral contraceptives. 

The purpose of the-present study is to evaluate in the rat model the 
possible etiolosies of altered LDL metabolism noted with estrooen/oroaestin 
combinations, specifically to determine if the use of a low-estrogen,- 
progestin-dominant steroid combination results in alterations in hepatic 
hydroxymethylglutaryl coenzyme A reductase (HMG reductase) activity. 

EXPERIMENTAL PROCEDURES 

Materials 
The following compounds were purchasef4from New England Nuclear 

Corporation (Boston, MA): DL-[Gjutaryl-3- Cl-hydroxy-3-methyl glutaryl 
coenzvme A; DL-TMevalonic-5-(N)- Hl-mevalonic acid DBED salt. 
Dithiothreitol,-glucose-6-phosphate dehyrogenase, bovine serum albumin and 
NADP were purchased from Sigma (St. Louis, MO). All other reagents used 
were of analytical grade. 

Ethinyl estradiol, norgestrel, ethinyl estradiol/norgestrel combination 
and placebo pellets were obtained from Innovative Research (Gaithersberg, 
MD). Analytical silica TLC plates (500 microns) were obtained from 
Analtech, Inc., (Newark, DE). Metofane was obtained from Pitman Moore 
(Washington Crossing, NJ). 

Animals 
Mature, female Sprague-Dawley (Charles River) rats that weighed 
200-250 grams were used for all groups. The rats were fed Standard Purina 
Rat Chow (Ralston-Purina Comoanv) ad lib and were housed in windowless rooms 
illuminated from 0700 to 1906. "To insure adequate adaptation, all animals 
were observed in this environment for 14 days prior to commencing treatment. 

Experimental Design 
A total of 48 rats were assioned to one of six arouos to receive 0.1 ma 

or 1.0 mg ethinyl estradiol daily; 1.0 mg or 10.0 mg-norgestrel daily and - 
combinations of either 0.1 mg ethinyl estradiol/l.D mg norgestrel or 1.0 mg 
ethinyl estradiol/lO.O mg norgestrel daily. Twelve age- and weight-matched 
animals served as controls (Table I). 

Ethinyl estradiol and norgestrel were delivered parenterally utilizing 
time-released, subdermally placed capsules. The capsules consisted of the 
active hormone embedded in a methyl cellulose matrix and were designed to 
deliver constant, fixed daily doses as noted above for up to 23 days per 
capsule. Capsules consisting only of the methyl cellulose matrix were 
placed in the control animals. All capsules were placed subcutaneously 
through a one centimeter incision in the right paravertebral area under 
light general anesthesia achieved with Metofane. 

After placement of the capsules, all animals were observed for eight 
days beginning the day after capsule placement (Day Number One). All 
animals were sacrificed by cervical dislocation and the livers removed and 
weighed. Capsules were identified in all animals at sacrifice. If no 
capsule could be found, the animal was excluded from the study. All 
sacrifices were accomplished between 0800 and 0900. Sections of each liver 
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TABLE I: Treatment Groups 

GROUP 

A 

B 

C 

D 

TREATMENT NUMBER 

0.1 mg Ethinyl Estradiol (EE) 8 

1.0 mg Norgestrel (N) 8 

0.1 EE mg and 1.0 mg N 8 

1.0 EE mg 8 

10.0 N mg 8 

1.0 EE mg and 10.0 mg N 8 

Control 12 

were utilized for preparation of microsomes and determination of HMG 
reductase activity as described below. 

In a pilot study, the ability of the capsules to deliver effective 
levels of the sex steroids was evaluated using 16 animals divided into two 
groups and receiving two different dosages of ethinyl estradiol and 
norgestrel. Vaginal smears were indexed according to a modification of 
previously described methods (14). All animals were cycling for a two-week 
observation period prior to capsule placement. Anovulatory smears were 
reliably induced within six days in all animals after capsule placement and 
maintained for two weeks. Cycling was achieved five days after removal of 
the capsules. 

Preparation of Microsomes 
In each animal the entire liver was removed and a section weighing 

approximately 3 grams was used for microsome preparation. This tissue was 
homogenized in an ice-cold buffered phosphate solution (0.05 M KC1/0.04 M 
KH PO /0.25 M sucrose/O.05 M NaF/0.05 NaCl/O.Ol M EDTA/O.Ol M 
me ca g d toethanol, pH 7.4) in a glass homogenizer. The entire homogenate was 
initially centrifuged for 20 minutes at 10,000 x g at 4°C. The resulting 
supernatant was then centrifuged for 60 minutes at 105,000 x g at 4°C. The 
resulting microsome-enriched pellet was washed once in the above buffer 
without mercaptoethanol and stored at -70°C until assayed. 

Enzyme Analysis 

[14C] mevalonic acid produced from [ C]-HMG Co A using a modification of 
HMG reductase activity was detervined by quantifying the amount of 

the technique described by Brown et al __. (15) and Carr and Simpson (16). 
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Each microsome-enriched pellet was thawed, homogenized and 
approximately 0.5 to 1.0 mg of microsomal protein was resuspended in a 
potassium phosphate buffer for a final volume of 500 ul. After 
preincubation for 40 minutes at 37"C, duplicate aliquots (100 ul) were 
assayed for HMG reductase activity. One hundred ~1 of an NADPH-generating 
system was added to achieve a final concentration of 5 mM NADP, 40 mM 
glucose-6-phosphate and lU/ml glucose-6-phosphatel$ahydrogenase. The 
reaction was started with the addition of 60 urn [ C]-HMG Co A and 10 mM 
OTT. The final total volume was 200 ~1 per sample. A second incubation was 
then carried out for 20 minutes at 37°C. The reaction was stopped with 
addition of 6 N HCL (30 ~1). [3H]-mevalonic acid was added to each test 

the 

tube as an internal marker. Specimens were plated on precoated silica gel 
thin layer chromatographic plates (500 microns). The chromatograms were 
developed using the solvent system, benzene:acetone (1:l). Plates were 
dried and exposed to iodine vapors. The region co-migtating pith mevalonic 
acid was scraped and dissolved in 10 ml of Aquasol. C and H activity in 
each sample was determinedlJn a Beckman scip$illation counter and the 
fractional conversion of [ Cl-HMG CoA to [ Cl-mevalonic acid was 
calculated. All specimens were assayed in duplicate and averaged. 

Protein Analysis 
Microsomal protein content was determined by the technique described by 

Bradford (17). 

Statistical Analysis 
Data derived from all groups was analyzed by an analysis of variance. 

Differences were tested by student's t-test. 

RESULTS 

The study was completed over eight days and all animals were sacrificed 
between 0800 and 0900. All animals survived except one animal in Group D. 
Capsules could not be identified in two animals in Group D and one in 
Group F. Capsules were retrieved in all other animals. Thus, the final 
study population was 56 animals. 

In Table II the weights for all animals by group at the start and 
completion of therapy and the ratio of liver weight to total body weight are 
presented. There were no significant weight differences at the start of 
treatment. However, those animals treated with any dose of EE, whether 
alone or in combination with norgestrel, lost significantly greater weight 
than the control or norgestrel-treated groups (pc.05). The greatest weight 
loss was among those animals treated with 1.0 EE, whether alone or in 
combination. 

HMG reductase activity for all groups is listed,in Table III. A 
significantly higher level of HMG reductase activity was achieved in the 
ethinyl estradiol/norgestrel combination-treated groups (.5013+.0457 and 

* 
HMG CoA reductase activity expressed as nmol mg protein-l min-1 f standard 

error. 
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TABLE II: Total Body Weight and Liver Weight (Grams) at the Start and 
Completion of Treatment and Percent of Liver Weight for All Treatment Groups 

Total Body Weight Liver Percent 
Group N Prestudy N Completion Weight Liver Weight 

A a 242 a 227 9.62 4.2 

B a 242 a 268 10.74 4.0 

C a 245 a 235 10.75 4.6 

D a 245 5 212 a.79 3.9 

E a 243 a 268 10.86 4.0 

F a 242 7 204 9.05 4.4 

G 12 234 12 267 10.54 3.9 

TABLE III: HMG Reductase Activity 

Group Activity* 

A .1680+.0456 

,B .1856+.0488 

C .5013+.0457 

D .i952+.0578 

E .1788+.0458 

F .3605+.0527 

G .1667+.0408 

* 
nmols mg protein 

-1 -1 
min f standard error 
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.3605+.0527 for 0.1 EE/l.O N and 1.0 EE/lO.O N,respectively) when compared 
to the ethinyl estradiol-treated groups (.1680+.0456 and .1952+.0578 for 
0.1 EE and 1.0 EE,respectively), norgestrel-treated groups (.1856+.0488 and 
.1788+.0458 for 1.0 N and 10.0 N,respectively), or control group 
(.1667+.0408) (pc.05). Values for the combination-treated groups were 
increased 300% for the 0.1 EE/l.O N group and 200% for the 1.0 EE/lO.O N 
group over control values. NO significant changes were noted over control 
values for the groups treated with ethinyl estradiol or norgestrel alone. 

DISCUSSION 

Data from several clinical trials are suggestive that sex steroids 
alter lipoprotein metabolism. The exact alteration depends on the 
preparation investigated: estrogens induce a decrease in serum LDL and when 
used in combination with certain progestins, an increase in serum LDL (IO). 
Several lines of evidence are suggestive that the hypolipemic effect of 
estrogen is secondary to increased receptor-mediated LDL metabolism (I2,I3). 
However, the exact mechanism(s) responsible for changes associated with 
certain estrogen/progestin combinations is(are) unknown. In the present 
study, we sought to evaluate the effects of a progestin-dominant 
estrogen/progestin combination on cellular cholesterol metabolism as a 
possible explanation of those changes in lipoprotein profiles noted with 
certain oral contraceptives. 

In the present study, we found the specific activity of HMG reductase 
in microsome-enriched preparations of rat hepatic tissues was increased 
significantly in response to two estrogen/progestin combinations of 0.1 mg 
EE/l.O mg N and 1.0 mg EE/lO.O mg N. There were no changes in enzyme 
activity when either EE or N were used alone at these two dosages. These 
data are suggestive that an interaction of these two steroids is essential 
to achieve changes in hepatic HMG reductase activity. This synergism 
between ethinyl estradiol and 19-norprogestins has been noted previously 
when such combinations were investigated as contraceptive agents (18). The 
ability of an estrogen and progestin combination to inhibit ovulation is 
greater when EE was used in combination with a progestin than when natural 
estrogens are used. Clinically, such synergism makes possible a lower 
progestin component in current oral contraceptives. It may be the 
interaction of the EE and N and specifically the ethinyl form of the 
estrogen that is responsible for this synergism. 

The relative proportion of the two constitutents did not appear to 
influence the effect of the combination of EE and N on the activity of HMG 
reductase. Significant increases were noted for both combinations with a 
greater increase for 0.1 EE/l.O mg N. From the data, however, it cannot be 
determined whether a lower proportion would exceed a lower limit threshold 
and not induce these changes. 

Clinical correlation of studies at the cellular level obtained in the 
rat model may be made with studies of familial hypercholesterolemia and the 
LDL-receptor concept. In the normal steady-state, Brown and Goldstein (19) 
determined that LDL catabolism was a receptor-mediated event. Additional 
study was indicative that LDL binding to the LDL receptor triggered two 
specific enzymatic changes: a suppression of HMG reductase activity and an 
increase in acyl reductase:cholesterol acyl transferase (ACAT) activity. 
The failure of normal feedback mechanisms to suppress HMG reductase activity 
noted in familial hypercholesterolemia is manifested clinically as elevated 
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LDL levels, hypercholesterolemia and increased cardiovascular morbidity and 
mortality (20). Early clinical studies to lower cholesterol and LDL levels 
through the use of HMG reductase inhibitors (compactin and mevinolin) 
provide one means of management and emphasize the role of this enzyme in 
conditions of altered cholesterol and lipoprotein metabolism (21). 

Similar clinical circumstances regarding altered LDL metabolism and 
increased cardiovascular events appear to be associated with the use of 
progestin-dominant oral contraceptives as previously noted. The increased 
HMG reductase activity found in the present study secondary to ethinyl 
estradiol and norgestrel combinations are suggestive of a failure of LOL 
receptor-mediated catabolism and the feedback mechanisms necessary for HMG 
reductase suppression. The increased enzyme activity could be responsible 
for the elevated LDL profiles noted in this setting similar to that in 
familial hypercholesterolemia. 

The failure of either EE or N alone to induce significant changes in 
HMG reductase activity is suggestive also of a synergism that may be exerted 
on cellular cholesterol metabolism when the two hormones are used together. 
When either steroid is used alone clinically for postmenopausal therapy or 
for contraception, no adverse effects on cholesterol metabolism or 
lipoprotein patterns have been noted (22,23). The lack of change in enzyme 
activity in the present study is consistent with this clinical observation. 

Results of the present study are demonstrative of increased HMG 
reductase activity secondary to specific steroid combinations of ethinyl 
estradiol and norgestrel. In this setting, increased enzyme activity could 
be, in part, responsible for the observed changes in lipoprotein profiles 
secondary to oral contraceptive use. This increased enzyme activity is 
similar to that found in conditions where a failure of LDL receptor-mediated 
catabolism and normal cholesterol feedback prevail. Whether this increased 
activity is due to down-regulation of LDL receptors, induction of existing 
enzyme or stimulation of additional enzyme production requires further 
study. 
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