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After menopause, morbidity and mortality
from atherosclerotic vascular disease rises
sharply in women. Although serum lipid
changes occur coincident with the decrease in
ovarian function (1-3), the possibility that
estrogens exert direct vascular effects was pos-
tulated decades ago (1). Exogenous estrogen
administration results in suppression of oxy-
gen coensumption and mucopolysaccharide syn-
thesis by arteries (4, 5) and a decrease in per-
cent of aortic connective tissue (6). We have
recently shown that estrogens have a sup-
pressive effect on connective tissue accumula-
tion in the aortas of hypertensive males (7).
However, these studies are not directly perti-
nent to the questions of how the vascular ef-
fects of estrogen deprivation in the female are
manifest and whether replacement therapy
prevents or reverses these effects. Fischer (8)
has shown that connective tissue accumulates
in the oophorectomized female rat aorta and
that estrogen therapy for 3 weeks lowers
these levels. However, in that experiment it
was not clear to what extent the increased
aortic weights of the oophorectomized fe-
males were due to their accelerated growth
rates. The present study was intended to fur-
ther clarify the vascular effects of long-term
administration of estrogen to oophorectomized
mature female rats independent of its effects
on their body weights,

Materials and Methods. Mature female
Carworth?® rats (CF-E strain) weighing 230-
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250 g were used. Bilateral oophorectomy was
done within 1 week prior to the onset of the
6-month experimental period. The first experi-
ment consisted of two groups: (Group E)
oophorectomized females were given subcuta-
neous monthly injections of 100 ug of Depo-
Estradiol* in cottonseed oil, and (Group O)
oophorectomized females were given the same
amount of cottonseed oil only, on the same
dosage schedule. Laboratory rat chow® and
water were given ad libitum. The second ex-
periment consisted of two similar groups,
which differed from those of the first experi-
ment only in that food intake of Group O
was limited to that ingested by Group E.
That it, average food intake in each 48 hr by
animals in Group E was calculated, and that
amount was given to Group O. Due to the
maturity of the animals, day-to-day vari-
ation and inter-animal variation of food intake
in Group E was quite small, the average be-
ing about 14 g per animal. Despite this sta-
bility, food intakes were monitored for the
entire 6-month period on all animals, each of
which was maintained in a metabolic balance
cage.

At the conclusion of the experimental pe-
riod, 11 animals from each group were sacri-
ficed, and heart and uterus weights were cal-
culated. The former was intended to give a
rough assessment of hemodynamic status;
the latter was used to confirm adequacy of
ablative surgery and hormonal therapy.
Chemical determinations were made on ves-
sels of 6 animals from each group using in-
tima-media preparations from anatomically-
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TABLE I. Characteristics of Animal Groups.

Experiment 1

Experiment 2

E 0 E 0
Final body weight (g) 237 5 315 +6 251 =£5 257 =17
Heart weight (g) 0.81 +0.03 0.91 =+ 0.02 0.81 % 0.01 0.84 + 0.01
Uterus weight (g) 0.53 + 0.03 0.11 + 0.01 0.50 + 0.07 0.10 =+ 0.01

¢ Values expressed as mean + SEM. E, estrogen-treated oophorectomized rats; O, untreated

oophorectomized rats.

defined thoracic aortic segments as described
elsewhere (9). In each segment, total aortic
elastin, collagen, and noncollagenous alkali-
soluble proteins (NCASP), a component
which we consider to be a good reflection of
cell protein, were determined (9). Total
DNA content of each of five segments from
each of the groups was determined using the
modification by Hubbard et al. (10) of Ceri-
otti’s method (11). DNA standards were cor-
rected for water content by using inorganic
phosphorus as the criterion according to the
method of Fiske and Subbarow (12).

Statistical evaluation was carried out using
Student’s paired ¢ test. Significance was con-
sidered to be present at the 5% level or less.

Results. In Table T body and organ
weights are shown. In Experiment 1, untreat-
ed oophorectomized animals (Group O) were
very significantly heavier than estrogen-treat-
ed oophorectomized animals (Group E) (¢ =
10.01, # < 0.001), which maintained the
usual nearly-constant adult body weight of
female rats (13). In Experiment 2, weight
balancing achieved its goal: equalization of
weights of treated and nontreated groups. In
Experiment 1, heart weights were significant-
ly greater in untreated animals (¢ = 2.77,
p < 0.02); however, in Experiment 2, no
significant difference was found (¢ = 1.59, 0.2
> p > 0.1). Uterus weights confirmed the
effectiveness of ablation in Groups O and the
effects of exogenous estrogen in Groups E of
both experiments.

Total DNA contents of the aortic wall did
not differ between treated and untreated ani-
mals in each experiment. The respective val-
ues, expressed as total micrograms of DNA
per aorta (mean = SEM), were: Experiment
1—Group E, 18.0 = 1.0; Group O, 180 *
2.0. Experiment 2—Group E, 144 = 1.2;

Group O, 12.4 = 1.1, We have no explana-
tion for the differences between experiments,
which barely reached significance (¢ = 2.52,
$ < 0.05). The lack of effects of estrogen or
ablation on total cells, as reflected by DNA,
probably reflects the degree of maturity of
the animals at the outset of the experiment

13).
( In Fig. 1 aortic dry weights of the groups
in Experiments 1 and 2 are shown. Whether
weights were balanced or not, values for the
untreated groups were significantly greater
than those of groups given estrogen (¢ =
3.23, p< 0.01 and ¢ = 4.87, p < 0.001 for
Experiments 1 and 2, respectively).

Figure 2 shows the absolute amounts of
wall components in each of the experiments.
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Fic. 1. Total dry aortic weights in each of the
groups (mean = SEM). In both experiments, aortas
from untreated oophorectomized animals (Group O)
were significantly heavier than those of oophorecto-
mized animals given estrogen (Group E).
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Fic. 2. Weights of aortic wall components in the
groups studied (mean = SEM). In both experi-
ments, absolute weights of aortic elastin and colla-
gen were significantly greater in untreated oophorec-
tomized animals (Group O) than in estrogen-treated
oophorectomized animals (Group E). The third com-
ponent, NCASP, was increased in Group O of Ex-
periment 1, but was decreased in Group O of Ex-
periment 2,

In either case, whether weight was balanced
or not, total elastin and collagen were both
significantly increased in vessels from ani-
mals who were oophorectomized and not giv-
en replacement therapy. The results were re-
markable in that similar increments of aortic
elastin and collagen were found in untreated
oophorectomized animals of both experiments,
That is, about 0.5 mg of extra elastin and
0.5 mg of extra collagen accumulated in the
aorta of an animal not given estrogen, over
a 6-month period, regardless of its body
weight. The findings are less consistent for
NCASP, which apparently reflects cellular
proteins. In Experiment 1, the untreated
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group had significantly more of this aortic
component (¢ = 2.60, p < 0.05); in Experi-
ment 2, significantly less of this component
was present in the untreated group (¢ =
3.00, p < 0.02). The reasons for this differ-
ence are not evident, but the effects on per-
centages of components in the vessel wall are
unmistakable,

In Table II the percentages of aortic com-
ponents based on dry weights are shown. In
both experiments, despite the equal incre-
ments of elastin and collagen in the untreat-
ed groups, only the collagen percents were
were significantly higher in those groups (¢ =
3.22,p < 0.01 and ¢ = 3.27, p < 0.01, re-
spectively). The lack of changes in percent-
ages of elastin in both experiments and of
percentages of NCASP in Experiment 1 fur-
ther reinforces the importance of expressing
results in relative and absolute terms if all
net changes in multicomponent tissues are to
be detected. The above-mentioned difference
in the absolute amount of the aortic NCASP
component in Experiment 2 was manifest as
a significant reduction in percentage of that
component, as well (¢ = 5.82, p < 0.001).

Discussion. Demonstrated beneficial effects
of replacement estrogen therapy in women
with reduced ovarian function now include
retardation or arrest of postmenopausal osteo-
porosis (14) and achievement of “lower-risk”
profiles of the various plasma lipoproteins
(15, 16) and serum cholesterol (17). Clinical
studies suggest that premature surgically-in-
duced menopause is associated with an accel-
erated appearance of coronary artery dis-
ease (3). The above-mentioned changes in
circulating lipids, direct vascular effects of
the hormone, or both could be responsible.
The known actions of estrogen on vascular
metabolism have been alluded to earlier. In

TABLE II. Percentages of Aortic Wall Components.

Experiment 1 Experiment 2
E (o) E o
Elastin 42.15 + 1.03° 43.00 + 1.24 40.38 + 1.45 42.24 + 0.54
Collagen 23.79 + 0.53 25.97 + 0.41 24.39 + 0.42 26.65 + 0.55
NCASP 20.29 + 1.06 22,50 + 1.06 24.95 + 1.03 17.93 + 0.63

¢ Values expressed as mean + SEM. B, estrogen-treated oophorectomized rats; O, untreated

sophorectomized rats,
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this study, we have shown that an unmistake-
able increase in vascular connective tissue oc-
curs in the oophorectomized rat. No clear-cut
statement is, of course, yet possible concern-
ing what, if any, deleterious effects these fi-
brous changes may incur and what their re-
lationship is to concomitant serum lipid al-
terations. However, it has been shown that
vascular damage, represented largely by in-
creased connective tissue, greatly enhances
the susceptibility of the vessel wall to lipid
deposition (18). The mechanism by which
this alteration occurs is not certain, but it
may be related to changes in wall permeability
(19), to direct binding of lipid to the con-
nective tissue (20), or to as yet unrecognized
effects.

Summary. The postmenopausal state ap-
pears to be associated with an increased in-
cidence of atherosclerotic vascular disease in
women. Connective tissue and cellular changes
in the female rat thoracic aorta were studied
in oophorectomized mature rats with and with-
out estrogen replacement. In one study, no
attempt was made to control the increased
growth of the oophorectomized female. How-
ever, because of the possible contribution of
different growth rates to results, in another
study, weights of the treated and nontreated
groups were balanced by pair-feeding. Both
studies showed the same qualitative results.
Total DNA contents of anatomically-defined
thoracic aortic segments were not affected by
oophorectomy or by estrogen replacement,
Significant and similar increments in total
aortic elastin and collagen were seen in un-
treated oophorectomized groups compared to
estrogen-treated ones; a significant increase
in percentage of collagen was found. Acceler-
ated accumulation of connective tissue in the
rat aortic wall is associated with reduction of
endogenous estrogen levels and is unrelated
to changes in body weight; estrogen replace-
ment prevents these changes.
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