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Quantitative S tudy  of Influence of Estrogenic Substances o n  Serum 
Lipids of R a t s  Fed Atherogenic Diet.” (23460) 

R. E. PRIEST, M. T. SCHROEDEK, R. RASMUSSEN, AND R. W. WISSLER 
Depsrtment o j Pathology, University of Chicago 

The relative infrequency with which clini- 
cal manifestations of coronary atherosclerosis 
are encountered in human females during the 
reproductive years is well known ( 1.2). This 
observation constitutes an unusual example of 
a natural protective metabolic mechanism 
which is capable of offsetting atherogenic 
dietary influences. Clinical observations (3,4) 
and experimental work with chickens ( 5.6) 
and rats(7) have suggested that this protec- 
tion is related to the effects of estrogens. but 
the use of estrogens in the treatment of cor- 
onary atherosclerosis has been hampered by 
the feminization which occurs in male pa- 
tients. Although the mechanisms by which 
estrogens influence atherosclerosis are not 
fully understood. clinical (8.9.10) as well as 
experimental (5,7) studies suggest that sup- 
pression of atherosclerosis by estrogens is as- 
sociated with a higher serum level of phospho- 
lipids relative to cholesterol. Since the ratio 
of cholesterol to phospholipids appears to be 
associated with development of atherosclerosis 
in several species under widely diverse cir- 
cumstances( 5.7.1 1-1 5 )  this effect of estrogen 
on blood lipids may be of primary importance. 

The purpose of the present study was 2-  
fold: first, to obtain additional quantitative 
information regarding effects of estrogenic 
substances on serum lipids, and second to see 
if substances chemically related to estrogens 
could be demonstrated to influence the serum 
lipids without causing undesirable changes in 
the male reproductive organs. 

Materials and methods.  Animals.  In all 
experiments adult male albino rats weighing 
between 400-500 g were divided into groups 
of similar weights and ages. Diet. A liquid 
ration as described by Moskowitz( 7 )  contain- 
ing 2 %  protein, 25% fat in the form of corn 
oil and 2 %  cholesterol was administered by 
gastric tube 3 times each day to each animal. 

* This investigation was supported by grants from 
the Chicago Heart Assn. and from the Nat. Heart 
Inst. N.I.H., U. S. Public Healtih Service. 

During the first week of experimentation the 
amount of diet administered was gradually in- 
creased from 10 ml per feeding up to 1 2  or 13 
nil. The animals were allowed tap water ad 
lib., but no additional diet. Estrogen and es- 
trogen analogues. After the first week of the 
experiment each animal was given daily (ex- 
cepting Sundays), subcutaneous injections of 
the substances dissolved or suspended in 
sesame oil. Serum lipids. Fasting blood sam- 
ples were obtained from a lateral tail vein of 
each animal a t  the beginning of an experiment 
and at  weekly intervals thereafter. For each 
group equal amounts of blood from each ani- 
mal were pooled, the serum obtained by cen- 
trifugation and totaI cholesteroI and lipid 
phosphorus determined by standard methods 
(16.17). 

Rcsults. When differing amounts of estra- 
diol benzoate were given, differing effects were 
obtained (Fig. I ) .  Among the estradioI- 
treated animals the Iargest amount given pro- 
duced the least eIevation of serum choIestero1, 
but the greatest eIevation of phospholipid. 
(‘onversely, the least amount of estrogen pro- 
duced the greatest rise in cholesterol and the 
least rise in phosphoIipids. The intermediate 
amount of estradiol caused an intermediate 
elevation of both cholesterol and phospho- 
lipid. Consequently, the animals which re- 
ceived the smallest amount of estrogen had 
greatly eIevated C / P  ratios, while those that 
received the largest amount had C/P ratios 
as low or lower than the controls. At all lev- 
els of estradiol atrophy of testes, prostate and 
seminal vesicles occurred. 

Tt should be emphasized that the animals 
used in these experiments were aduIt males. 
The interplay between androgens and estro- 
gens in regard to effects on serum lipids is yet 
to be fully worked out, but from these results 
it can be concluded that, at least with adult 
male rats, one is not justified in speaking of 
“estrogen effects.” The character of the ef- 
fects depends to a large extent upon how 
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much estrogen is administered. Because daily 
administration of 0.333 mg estradiol produced 
the lowest C/P ratios, this amount was chosen 
as a reference in the subsequent experiments. 

Consequently, in each of the experiments 
reported here appropriate control groups, one 
receiving 0.333 mg estradiol benzoate daily 
and the other receiving only sesame oil were 
included. When these two groups were com- 
pared, the same general pattern of changes in 
serum lipids with time as that depicted in Fig. 
2 was observed in 3 additional experiments. 
At the beginning of the experiment values for 
cholesterol, phospholipid and C/P were about 
the same for treated and control groups. This 
was a constant observation in these experi- 
ments. Both cholesterol and phospholipid 
levels fell slightly a t  the end of the first week. 
By the end of the third week both were ele- 
vated, but this elevation was much more 
marked in the animals which had received es- 
tradiol. After reaching a peak a decrease in 
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both cholesterol and phospholipids occurred. 
The C/P ratio for the group receiving estra- 
diol was lower than that of the control group 
during the latter part of these 6-week experi- 
ments. 

With these quantitative relationships in 
mind a number of natural and synthetic fe- 
male hormones as well as structurally related 
compounds were compared. The promotion 
of the rat’s uterine growth by many of these 
substances has been studied in detail by Hug- 
gins and Jensent ( 18,19). 

Two experiments were designed as shown 
in Table I. 

When the percent difference between values 
for serum lipids a t  the end of the fourth week 
and at the beginning of the experiment were 
compared (Fig. 3 and 4) ,  both cholesterol and 
phospholipids were found to have been most 

t Some of these compounds were given to us by 
Dr. Elwood V. Jensen. 
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TABLE I. Kinds and Amounts of Hormones and 
A4~ialogues iltlniinistered Daily in 2 Experiments. 

Five animals Der series. 
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elevated in the groups which received estra- 
diol and estriol. The phospholipids were pro- 
portionately more elevated than the choles- 
terol in the group given estradiol. resulting in 
a fairly constant C P ratio. Administration 
of stilbestrol also resulted in maintenance of a 
fairly constant C/'P ratio. To this extent its 
effect was like estradiol, since the values for 
the control group rose during this period. 
Progesterone gave results more like the con- 
trol group, as did all of the analogues tested. 

As can be seen from Table 11, the 2 natural 
estrogens, as well as stilbestrol and isohexes- 
trol caused atrophy of the reproductive glands 
to about the same degree, while the other es- 
trogen analogues produced atrophy to a 
lesser degree. A1 though progesterone appar- 
ently produced atrophy in this experiment it 
did not do so in another. 

Atrophy of the male sexual organs occurred 
with all of the substances studied which had 
an effect on serum lipids similar to that of 
estradiol. 

Discussion. The reported effects of estro- 
genic substances on blood lipid concentrations 
and on atherogenesis are remarkably variable. 
For example with 1 mg per day of estradiol 
benzoate for 13 weeks, Pick et aZ.(5) reported 
suppression of coronary atheromatous lesions 
in the chicken accompanied by a definite rise 
in blood lipid phosphorus and reversal of cor- 
onary lesions with 1 mg per day for 5 weeks 
(6) .  Other workers( 20,2 1) have indicated 
an increase in atherogenesis and hyperlipemia 
in this same species when 25 mg pellets of the 

somewhat less potent diethylstilbestrol were 
implanted about once a month for varying 
periods. In the estrogen-treated rat, Mosko- 
witz et d.( 7 )  observed a marked rise in both 
serum cholesterol and lipid phosphorus as 
compared to controls when the animals were 
force-fed a high fat diet. In this study 0.333 
mg of estradiol per day appeared first to lead 
to increased susceptibility to coronary athero- 
matous lesions followed later by suppression 
or reversal of the lesions. Other results in the 
rat have been reported recently by Fillios et 
o L ( 2 2 )  who found that 0.02 mg of estradiol 
injected 2 times per week for 7 weeks in- 
creased the serum cholesterol concentration. 
I'nder similar experimental conditions estro- 
gen treatment enhanced cardiovascular su- 
danophilia has been reported in male rats 
( 2 3 ) .  

The results of the present study suggest 
that a t  least some of this variation in the ef- 
fects of estrogenic substances may be related 
to the dose and period of administration. 
Similarly the biphasic effect on atherogenesis 
produced by estradiol in the rat( 7 )  may be 
explained by a gradually increasing daily ef- 
fect of the estrogen resulting from multiple 
sesame oil depots which ma>- superimpose 
their liberated estradiol. 

I t  will be necessary to find out whether the 
differing effects of various doses of estrogen 
on blood lipids and atherogenesis are observed 
in other species. I t  is possible that this con- 
cept may have broad implications in terms of 
the natural history of atherogenesis in man. 
Observations relating estrogenic therapy to 
blood lipids in human(4,lO) as well as in 

T.1 l3 IAE 11. Average Wciglits of Reproductive 
(il;iIi(ls of Rats Given Estrogens and Analogues. 
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other species ( 2 4) may need further evalua- 
tion in the light of dosage and time effects 
demonstrated in this study. The tendency 
for blood lipid values of the rat to decline 
after several weeks of therapy suggests that 
an adaptive mechanism may be present which 
will tend to counteract the early effects of es- 
tradiol even when a large dose is adminis- 
tered. 

Recent observations (25)  which relate lipid 
phosphorus rise in the human male to estro- 
genic analogue administration while demon- 
strating little evidence of estrogenic effect on 
secondary sex characteristics represent a de- 
sirable goal and deserve further evaluation in 
experimental animals as well as in man. 

Summary. 1) In adult male albino rats 
varying amounts of estradiol, all within a 
range sufficient to produce testicular atrophy, 
differed in their effects on serum lipids, the 
smaller amounts causing marked elevation in 
serum cholesterol and less elevation in phos- 
pholipids than larger amounts. Administra- 
tion of 0.333 mg estradiol benzoate daily re- 
sulted in marked elevation of serum choles- 
terol and phospholipids within 2 weeks, but 
the C/P ratio remained as low or lower than 
that of control animals. Over a 5-week pe- 
riod these values reached a peak, then fell in 
spite of constant diet and hormonal treat- 
ment. 3)  Equivalent amounts of estriol daily 
had an effect on serum lipids similar to that 
of estradiol. 4) Equimolecular amounts of 
stilbestrol, progesterone, and a variety of 
substances chemically related to active estro- 
gens had little acute effect on serum lipids 
under the conditions studied. 5 )  This experi- 
mental plan may be useful for studying si- 
multaneous effects of other steroids on serum 
Iipids and on the reproductive organs of mam- 
mals. -- 
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