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Effects of 17B-estradiol and equilin
on atherosclerosis development in
female Apoe*" mice
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The effects of conjugated equine estrogens (CEE) and 17B-estradiol-based hormone replacement
therapy (HRT) on atherosclerosis development remain controversial. Here, we investigated the
effects of equilin, a major compound in CEE, and 17B-estradiol on atherosclerosis development in

an atherosclerotic mouse model. Female B6.KOR/StmSlc-Apoe" mice were ovariectomized and fed
a high-fat diet for 9 and 12 weeks (early and late groups, respectively) and then treated with 17p-
estradiol or equilin. Atherosclerotic lesions in the aortic arch and brachiocephalic artery (BCA) were
assessed at the end of the experimental period. Compared with placebo, equilin and 17B-estradiol
significantly inhibited atherosclerotic lesion formation in the aortic arch and BCA in both groups.
However, 17B-estradiol had a significantly greater inhibitory effect than equilin in the late group.
Although 17B-estradiol significantly inhibited atherosclerosis progression in the aortic root, no
significant difference was observed between the equilin and placebo groups. Additionally, compared
with equilin, 17B-estradiol significantly inhibited atherosclerotic plaque formation in the aortic root.
Moreover, 17B-estradiol exerted a stronger inhibitory effect on atherogenesis than equilin and control.
Both 17B-estradiol and equilin protect against atherosclerotic plaque formation in the vascular
endothelium, with 17B-estradiol exhibiting a superior effect.
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Hormone replacement therapy (HRT) is designed to treat climacteric disorders caused by estrogen deficiency
and reduce the risk of osteoporosis! . Epidemiological studies have indicated that estrogen can curtail the risk
of cardiovascular disease and maintain reproductive function in women*. Therefore, HRT is an effective strategy
in the health care of postmenopausal women. However, HRT has also been associated with some unfavorable
events, as observed in the Women’s Health Initiative (WHI) trial®.

The WHI trial was a large epidemiological study conducted in the United States in 2002, which examined
the association between lifestyle and health habits and the development of cancer, cardiovascular disease, and
osteoporosis in postmenopausal women®. Contrary to expectations, the trial showed that HRT was not effective
in reducing the risk of coronary heart disease (CHD).

Similarly, the Heart and Estrogen/Progestin Replacement Study (HERS), which was a randomized trial
on the use of estrogen plus progestin for preventing CHD, found that the treatment comprising 0.625 mg of
conjugated equine estrogens (CEE) and 2.5 mg of medroxyprogesterone acetate (MPA) had no cardiovascular
benefit and increased the risk of CHD events®. Furthermore, both the Women’s Angiographic Vitamin and
Estrogen (WAVE) trial (CEE + MPA) and Papworth HRT atherosclerosis study (transdermal HRT) reported a
higher risk of CHD in the HRT group compared with the control group”?.

However, the above studies had some constraints, such as starting HRT in women over 60 years of age.
Additionally, secondary analyses have indicated variations in the effects of HRT on atherosclerosis depending
on the characteristics of each woman®!?. In contrast, the International Menopause Society (IMS) reported in
2016 that estrogen therapy reduces cardiovascular disease in women younger than 60 years or 10 years post-
menopause and that HRT does not increase the risk of cardiovascular disease in women of the same age'!.
Considering the variations in the types, regimens, and timing of HRT initiation after menopause in previous
studies, it is difficult to determine whether HRT increases the risk of cardiovascular disease.
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Recently, some fundamental clinical studies have indicated that estradiol exerts protective effects against
atherosclerosis. Some studies have also reported the potential of CEE in inhibiting atherosclerosis'?. CEE is a
mixture of about 10 different estrogens derived from the urine of pregnant horses, including equilin (Eq) and
equilenin'®. We hypothesized that significant differences in results observed in some studies might be due to
Eq. In our previous in vitro study, we found that Eq, which is present in CEE but not physiologically present
in humans, increases the levels of cell adhesion molecules and monocyte-endothelial cell adhesion, leading to
an elevated risk of atherosclerosis onset!“. Therefore, we suggested that Eq may contribute to atherosclerotic
diseases in women treated with HRT. However, our study demonstrated the effect of Eq with only early stage
of atherosclerosis and did not consider in vivo effects such as low-density lipoprotein cholesterol, nitric oxide-
mediated vasodilation, and the response of blood vessels to injury. Furthermore, research on the comparison of
the effects of each CEE component and natural 17p-estradiol (E2) on atherosclerosis is limited.

Therefore, the present study aimed to investigate the effect of Eq and E2 on atherosclerosis risk in Apoe
mice, a commonly used murine model for examining atherosclerosis risk!®. Specifically, we investigated the
formation of atherosclerotic lesions in the aortic arch, brachiocephalic artery (BCA), and aortic sinus of mice at
two different time points. Additionally, we assessed the lipid profiles of the experimental mice.

shl

Methods

Animals

All animal experiments were approved by the Ethics Committee of the Kyoto Prefectural University of Medicine
(approval no. ERB-C-1519-1) and conducted in accordance with the animal welfare guidelines of the Kyoto
Prefectural University of Medicine and ARRIVE guidelines. Female B6.KOR/StmSlc-Apoe™ mice (4 weeks old)
were purchased from Japan SLC Inc. (Hamamatsu, Japan). Apoe™ mice are congenic mice carrying Apoe™, the
gene associated with hyperlipidemia. As these mice mimic ApoE-knockout mice, they are used as a model for
hyperlipidemia and atherosclerosis'®. The mice were maintained in a specific pathogen-free environment at a
constant temperature (22% * 1 °C) and 50-60% humidity under a 12:12-h light/dark photoperiod. They were fed
standard mouse chow and had ad libitum access to water.

At 6 weeks of age, the mice were weighed, ovariectomized (OVX) or sham-operated, and fed a high-fat and
high-cholesterol (21% wt/wt saturated fat and 0.2% wt/wt cholesterol) diet (D12108C; Research Diets, New
Brunswick, NJ, USA) for 9 or 12 weeks. OVX was performed via laparotomy with the mice under isoflurane
anesthesia following previously reported techniques!”. The sham procedure was also performed via laparotomy
under similar conditions. The mice were weighed weekly during the experimental period and randomly assigned
to three groups: E2, Eq, and control (C). After ovariectomy or sham-operation, mice in the E2 and Eq groups
received E2 (#NE-121) and Eq (#NE-211) pellets, respectively, for 9 or 12 weeks (1.11 pg/day), and those in the
control group received placebo pellets (#NC-111) (Innovative Research of America, Sarasota, FL, USA). All
pellets were 3 mm in diameter; they were punctured with a subcutaneous trocar and implanted in the posterior
neck of the mice subcutaneously. Thereafter, the mice were assigned to nine groups: early sacrificed (15-week-
old) OVX+E2 (n=3), early sacrificed OVX+Eq (n=3), early sacrificed OVX + placebo (n=3), late-sacrificed
(18-week-old) OVX+E2 (n=9), late-sacrificed OVX+Eq (n=9), late-sacrificed OVX+placebo (n=9), late-
sacrificed sham-operated+E2 (n=5), late-sacrificed sham-operated+Eq (n=5), and late-sacrificed sham-
operated + placebo (n=5). After 9 or 12 weeks on a high-fat diet, the mice were fasted overnight and sacrificed
using high concentrations of isoflurane. The protocol used in this study is illustrated in Fig. 1A.

Tissue preparation

At the end of the treatment, blood samples (500-800 uL) were collected from the right atrium of each mouse
and centrifuged at 3000xg for 10 min to collect the serum, which was stored at—20 °C for further analysis. After
dissection, the uterine weight was recorded. Mouse tissues were prepared according to previously described
procedures with some modifications'®. After collecting the serum and making an incision in the right auricle to
drain fluids, the heart, including the aortic root, aortic arch, and BCA, was perfused with PBS using a perfusion
fixation tool set (Genostaff Co., Ltd., Tokyo, Japan) and dissected. The aortic arch and BCA were prepared for
en face analysis; the heart, including the aortic root, was embedded in Tissue-Tek optimal cutting temperature
(OCT) compound (Sakura Finetek, Staufen, Germany) for Oil Red O staining.

En face analysis of atherosclerotic lesion in BCA and aortic arch

The en face procedure was performed as described previously, with some modifications'”. Briefly, the aortic arch
and BCA were fixed in 10%, 20%, and 30% sucrose for 24 h, opened and pinned to be flat, and stained with Oil
Red O (Muto Pure Chemicals Co., Ltd., Tokyo, Japan) to assess fat deposition. Specifically, the tissue was washed
with 60% isopropyl alcohol, immersed in the staining solution, incubated at 37 °C for 15 min, and promptly
washed with 60% isopropyl alcohol. Quantification of lesions in the BCA and aortic arch was performed using
the Image] software, as previously described!”.

Measurements of atherosclerotic lesions in the aortic root

Following perfusion with PBS to remove circulating blood, the hearts and aortic roots were harvested and
mounted in Tissue-Tek® OCT compound and rapidly frozen at—80 °C. Thereafter, frozen aortic roots were
cut into 10 pm-thick sections using a cryostat (Leica CM1950), fixed in cold acetone, incubated in Oil Red O
solution for 20 min, and counterstained with hematoxylin. Lesion quantification was performed on 100-um
consecutive sections using the Image] software (version 1.54i).

Scientific Reports |

(2025) 15:24922 | https://doi.org/10.1038/s41598-025-10494-0 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A

mg/dL

/ Standard mouse chow

High-fat diet

6 weeks

ovanec(omlzcd

- E2 pellet (0.25mg)

- Equilin pellet (0.25mg)
- vehide pellet (0.25mg)

Iearlv sacrificed groupsl

9 weeks I 3 weeks |

I late sacrificed groups | I

Total cholesterol

VLDL cholesterol

1000~ 800
800
1 6007 -
) S
600
E sooul £
400
200+ 2007
0 0
o W Vv o o V
\0@0 S ¢ & Y
Q & <«

250

200+

1504

100+

50

0

]

\9

LDL cholesterol

‘0 Q:\r
30 &

&

B Body weight
307 — Placebo
== Equilin
3 25 s
¥ | A
® =0
%. 20
3
@ r
15 T T T T T
0 2 4 6 8 10
post OVX time (weeks)
HDL cholesterol Triglyceride
207 40
154 + T 304 °
3 - 2 t
€ 10- g 20+ +
54 104
0- 0-
& & & & \\\o &
\* 2 \'5' «

Uterine Weight (g)

Uterine weight

Chylomicron

& &

Q\*e on\‘)\

,00

Fig. 1. (A) Schematic illustration of the study protocol. (B,C); Body weight and uterine weight of mice at

18 weeks of age. (B) Comparison of body weight between the placebo (solid line), equilin (Eq; center line), and
17p-estradiol (E2; dashed line) groups. (C) Comparison of uterine weight between the placebo (solid bars), Eq
(dotted bars), and E2 groups (open bars). *p <0.01; n.s., not significant. (D-I); Lipoprotein profile of the serum
of mice treated with placebo, equilin (Eq), or 17B-estradiol (E2). (D) Total cholesterol, (E) very-low-density
lipoprotein (VLDL), (F) LDL, (G) high-density lipoprotein (HDL), (H) triglyceride, and (I) chylomicron levels.
Solid bars indicate placebo, dotted bars indicate Eq, and open bars indicate E2.

Cholesterol and lipid profiling
Lipoprotein profiling of murine serum samples was conducted using LipoSEARCH (Skylight Biotech Inc., Akita,

Japan).

Statistical analysis

Comparisons among groups were performed using Kruskal-Wallis test with Dunn’s multiple comparisons test.
Data are presented as mean + standard error of mean (SEM). Statistical significance was set at p<0.05. All data
analyses were performed using the GraphPad Prism (GraphPad Software, Boston, MA, USA) and R software.

Results

E2 and Eq did not alter lipid profiles in B6.KOR/StmSlc-Apoe*" mice
We examined the lipid profiles, body weights, and uterine weights of the mice at 18 weeks of age (long group).
Notably, no mortality was recorded during the experimental period. Additionally, there was no significant
difference in body weight between the groups at any age (Fig. 1B) or lipid profile (Fig. 1D-I). However, the
uterine weight was significantly higher in the E2 group than in the placebo and Eq groups (Fig. 1C).

E2 protects against the development of atherosclerosis
Based on our previous in vitro study results, we hypothesized that Eq promotes atherogenesis. Therefore, we
investigated the effects of E2 and Eq on the development of atherosclerotic lesions in the aortic arch and BCA of
the experimental mice using en face analysis. In the short group (9 weeks after OVX and on the high-fat diet),
Eq and E2 treatments significantly protected against the development of atherosclerosis in both the aortic arch
and BCA, as evidenced by a significant decrease in lesion areas in the Eq and E2 groups compared with that in
the placebo group. Additionally, there was no significant difference in lesion area in the BCA between the Eq

and E2 groups (Fig. 2A,C,

D).

In the long group (12 weeks after OVX and on the high-fat diet), although Eq treatment exerted a greater
protective effect on the development of atherosclerosis in the aortic arch and BCA than the placebo treatment,
E2 treatment significantly inhibited atherosclerosis progression in both the aortic arch and BCA compared with
Eq and placebo treatments (Fig. 2B,E,F). Although there was no significant difference in the inhibitory effects
of Eq and E2 on the formation of atherosclerotic lesions in the short group, E2 treatment exerted a significantly
stronger inhibitory effect on atherosclerosis than Eq treatment in the long group (Fig. 2E,F). In the sham group
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Fig. 2. En face analysis of the aortic arch and brachiocephalic artery (BCA) of a mouse model of
atherosclerosis. (A,B); Atherosclerotic lesions in the aortic arch and BCA. Representative en face micrographs
of aortic arches with lipid-rich plaques stained with Oil Red O (in red) in 15-week-old mice fed a high-fat diet
for 9 weeks (A) and in 18-week-old mice fed a high-fat diet for 12 weeks (B). Scale bar, 2 mm. (C-H); The
relative lesion area was calculated by dividing the total arch area by the plaque area. Given that there are no
anatomical landmarks defining the aortic arch, the total arch area is usually measured from the beginning of
the ascending aorta to the first intercostal branch. Similarly, the relative lesion area was calculated by dividing
the total BCA area by the plaque area. In the short group (9 weeks on a high-fat diet), the bar graph shows

the mean atherosclerotic lesion area in the (C) aortic arch (placebo, n=3; Eq, n=3; E2, n=3) and (D) BCA
(placebo, n=3; Eq, n=3; and E2, n=3). In the long group (12 weeks on a high-fat diet), the bar graph shows
the mean atherosclerotic lesion area in the (E) aortic arch (placebo, n=9; Eq, n=9; and E2, n=9) and (F) BCA
(placebo, n=9; Eq, n=9; and E2, n=9). In the sham group, the bar graph shows the mean atherosclerotic lesion
area in the (G) aortic arch (placebo, n=5; Eq, n=5; E2, n=5) and (H) BCA (placebo, n=5; Eq, n=5; E2, n=5).
Comparison of lesions between the placebo (solid bars), Eq (dotted bars), and E2 groups (open bars). *p <0.05,
**p<0.01.

(12 weeks after sham operation and on the high-fat diet), E2 treatment, compared with placebo treatment,
significantly prevented atherosclerosis development in the aortic arch; however, there was no significant
difference in lesion area in the BCA among the groups (Fig. 2G,H). There were no significant differences in
lesion area in the BCA between the sham and OVX groups treated with the placebo, Eq, and E2 (Fig. 2E-H).

E2 protects against the development of atherosclerosis in the aortic root

Additionally, we examined the effects of Eq and E2 on atherogenesis in the aortic root in the mouse model.
Specifically, we measured the plaque burden at 10 different locations on the aortic sinus to assess the progression
of atherosclerosis. In the short group, there was no significant difference in the quantity of atherosclerotic plaque
in the aortic root between the Eq and placebo groups at all locations except at the 0- and 300-pm sections of the
aortic sinus (Fig. 3A,C). In contrast, E2 treatment significantly inhibited atherogenesis at all locations except
at the 900-pm section of the aortic sinus compared with placebo (Fig. 3A,C). Importantly, E2 treatment had a
significantly higher inhibitory effect on the formation of atherosclerotic plaques than placebo and Eq treatments
in the aortic sinus at the 0-400-um sections (Fig. 3C).

In the long groups, there was no significant difference in the quantity of atherosclerotic plaque between
the placebo and Eq groups at the 0-400-um sections (Fig. 3B,D). Compared with Eq treatment, E2 treatment
significantly inhibited the formation of atherosclerotic plaque at all locations except at the 700-800-um section
(Fig. 3D). Moreover, E2 treatment had a significantly higher inhibitory effect on atherosclerotic plaque formation
than placebo treatment at all positions (Fig. 3B,D). Furthermore, the mean values of atherosclerotic lesions in
the aortic root for the long group was similar to those of the short group. In the sham groups, compared with
placebo treatment, both Eq and E2 treatments significantly inhibited the formation of atherosclerotic plaque at
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Fig. 3. Atherosclerotic lesions in the aortic root. (A,B); Representative atherosclerotic lesions showing Oil
Red O staining (in red color) of lipids in the aortic root at 300 um from the aortic sinus (x50 magnification)
in 15-week-old mice fed a high-fat diet for 9 weeks (A) and in 18-week-old mice fed a high-fat diet for

12 weeks (B). Scale bar, 500 pm. (C-E); Comparison the plaque burden. The graph shows the quantification of
atherosclerotic lesion area from 10 consecutive sections. The relative lesion area can be calculated by dividing
the atherosclerotic lesion by the total vessel area encircling the external elastic lamina of the aortic vessel
wall. (C) 15-week-old mice fed a high-fat diet for 9 weeks after OVX. Solid, center, and dashed lines indicate
the placebo (n=3), Eq (n=3), and E2 (n=3) groups, respectively. (D) 18-week-old mice fed a high-fat diet
for 12 weeks after OVX. Solid, center, and dashed lines indicate the placebo (n=9), Eq (n=9), and E2 (n=9)
groups, respectively. (E) 18-week-old mice fed a high-fat diet for 12 weeks after sham operation. Solid, center,
and dashed lines indicate the placebo (n=5), Eq (n=5), and E2 (n=5) groups, respectively. *p <0.05 (placebo
vs. E2); 1p<0.05 (Eq vs. E2); #p <0.05 (placebo vs. Eq).

the 400-700-um sections (Fig. 3E). However, there were no significant differences between the sham and OVX
groups treated with the placebo, Eq, and E2 (Fig. 3D,E).

Discussion

In this study, en face and aortic root analyses demonstrated that Eq and E2, the estrogens commonly used in
HRT, inhibited atherosclerosis progression in a mouse model of atherosclerosis (B6.KOR/StmSlc-Apoe™ mice).
However, E2 treatment had significantly higher inhibitory effect on the development of atherosclerosis than Eq
treatment. To the best of our knowledge, this is the first in vivo study to compare the effect of Eq and E2 on the
risk of atherosclerosis in female mice.

Although the incidence of atherosclerotic diseases, such as myocardial infarction and stroke, increases with
age in both men and women, it is comparatively higher in postmenopausal women than in men of the same
age'®1®, which is attributable to a decrease in estrogen levels post-menopause. Dyslipidemia is an important
risk factor for atherosclerosis, and low estrogen levels increase low-density lipoprotein (LDL) cholesterol levels,
leading to the development of atherosclerosis®*?!. Therefore, HRT may improve various symptoms associated
with menopause and prevent atherosclerosis*. However, WHI reported that compared with the control group,
the HRT group had an increased risk of CHD, stroke, and venous thrombosis®. Research findings suggest that
the effects of HRT vary among patients depending on the timing of HRT initiation, steroid hormone dosage,
and HRT regimen*®-11-22:23,

Although randomized controlled trials did not reveal the inhibitory effect of estrogen on atherosclerosis
development, several studies have suggested that E2 has a beneficial effect on vascular endothelial cells and
protects against the development of atherosclerosis?#?°. Recent studies have shown that E2 prevents atherosclerotic
disease development and that E2 administration immediately after menopause significantly reduces the risk of
mortality, heart failure, and myocardial infarction in postmenopausal women®®. Additionally, CEE treatment,
compared with transdermal E2 treatment, reportedly increases the levels of high-sensitivity C-reactive protein
(CRP) and triglycerides but does not affect the formation of atherosclerotic plaques?”’. However, these studies
are limited by poor participant selection, short observation period, and small samples. Overall, these results
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suggest that oral or transdermal E2 administration may be more effective than CEE in reducing the risk of
atherosclerosis in postmenopausal women?®-28. Although there is a consensus on the protective effect of E2 on
vascular endothelial cells and the development of atherosclerosis in postmenopausal women, studies on the
effects of estrogens, including CEE, on the risk of CHD are limited especially in basic research.

In the present study, we compared the effects of Eq and E2 on atherosclerosis in vivo in a murine model
of atherosclerosis. Estrogen treatment suppressed the progression of atherosclerosis in a mouse model of
atherosclerotic disease (B6.KOR/StmSlc-Apoe™ mice) without altering the lipid profile. Various systems have
been developed to evaluate the progression of atherosclerotic disease in vivo, including en face and aortic
root analyses'®. Among the branches of the aortic arch, the BCA is the most specific branch for evaluating
atherosclerotic plaque formation, and en face analysis enables direct evaluation of plaque formation in the
BCA?. Aortic root analysis is superior for evaluating plaque formation, especially in the early stages, and is
useful for both short- and long-term comparisons®. Here, Eq and E2 treatments effectively suppressed the
formation of atherosclerotic lesions in both the short and long groups. However, E2 treatment was more effective
than Eq treatment in suppressing atherosclerosis development, especially around the aortic root, which might be
partially consistent with the results of a previous in vitro study'.

In the sham group, E2 treatment significantly inhibited the development of atherosclerosis; in contrast,
Eq treatment did not significantly affect the formation of atherosclerotic plaque in the BCA. The aortic root
analysis showed that Eq and E2 treatment effectively inhibited the formation of atherosclerotic lesions, with no
significant difference between the groups. Furthermore, there were no significant differences between the sham
and OVX groups treated with the placebo, Eq, and E2. It is likely that endogenous estrogen from the ovary alone
was not sufficient to suppress atherosclerotic lesion formation in the high-fat diet-fed mouse model used in
this study. Collectively, these results suggest that HRT may be effective in maintaining blood estrogen levels in
postmenopausal women, which may reduce the risk of atherosclerosis. Like the WHI study®, we did not consider
the effects of variation in the age of menopause initiation on the efficacy of Eq and E2. Therefore, the inhibitory
effects of Eq and E2 treatments on atherosclerosis development at varying weeks after ovariectomy should be
further examined.

In humans, elevated plasma cholesterol and triglyceride levels increase the risk of atherosclerotic disease
and promote atherogenesis***l. However, some reports suggest that the progression of atherosclerosis is not
necessarily related to plasma lipid concentration®>%. In the present study, there was no significant difference in
lipid profiles between the hormone-treated and placebo groups in the mouse model, which may be due to our
small sample size (n =3). Moreover, it has been suggested that LDL transferase and LDL oxidation may contribute
more to atherosclerotic disease than plasma LDL concentrations®**°, However, further studies are warranted to
determine how E2 and other estrogens suppress atherosclerosis development via lipid profile regulation and
affect plaque composition, such as lipid, macrophage, and collagen content. In addition to reducing monocyte
adhesion in the vascular endothelium, other factors, such as increased nitric oxide (NO) production or decreased
oxidative stress and inflammation, may be involved in the preventive effect of estrogen on atherosclerosis®®~.

Despite the promising findings, this study has some major limitations. First, we used a murine model
to examine atherosclerosis risk. Because the mice used were a hyperlipidemia model, the results might not
be applicable to actual patients. Several studies have shown that CEE, E2, and other estrogens can improve
cardiovascular endothelial function in older postmenopausal women!'2?240, On the other hand, some reports
have indicated that estrogen’s protective effects do not extend to endothelial function in cases with high CHD
risk such as hyperlipidemia or atherosclerotic lesions*. However, the present study suggests that both E2 and
Eq may prevent atherosclerosis even in CHD high risk mice. These results imply that both E2 and Eq may be
preferrable for women with low CHD risk without hyperlipidemia or atherosclerotic lesions in terms of reducing
atherosclerosis risk. Second, the assessment time of the early group was set at 12 weeks (6 weeks after OVX)
initially; however, the en face analysis showed that there was almost no atheroma formation in the aortic arch
or BCA (data not shown), making comparisons impossible. Therefore, mice aged 15 weeks (9 weeks after OVX)
were used as the short group. Furthermore, as the en face and aortic root analyses are very precise, focus on 12-
week analysis resulted in a smaller sample size for the 9-week group. Third, the possible mechanism resulting in
the different effects of E2 and Eq on atherosclerotic lesions remains unknown. Furthermore, the weight of uterus
in the Eq group was lower than that in the E2 group. It is speculated that the differences in the effects of each
estrogen on estrogen receptors in different organs in mice may be responsible for the above differences. Therefore,
more detailed studies on the mechanism are needed in the future. Finally, Eq was administered subcutaneously,
which differs from the actual HRT method. Contrary to previous in vitro study results, the inhibitory effects of Eq
treatment on atherosclerosis may be due to the lack of a first-pass effect following transdermal administration®2.
Additionally, the elimination of the cholesterol clearance pathway in the mouse model resulted in a rapid disease
course, whereas in humans the disease progresses slowly. In humans, the end-stage plaque rupture causes major
complications, but this phenomenon does not occur in mouse models*>. Therefore, the results of the present
study may not fully reflect the clinical conditions in humans.

In conclusion, this study showed that subcutaneous administration of Eq and E2 inhibits the formation of
atherosclerotic lesions without altering the lipid profile in mice, with E2 showing a superior effect. Overall,
these results suggest that short- and long-term use of E2 rather than CEE containing Eq may have a better
inhibitory effect on the development of atherosclerosis. However, it is necessary to investigate the effects of other
estrogens included in CEE such as estrone-sulfate, a main component of CEE, and progestins, including MPA
and natural progesterone, on atherosclerosis development to elucidate the actual effects of each HRT regimen in
clinical settings. Additionally, further research is needed to elucidate the mechanisms of HRT regimens for the
prevention of atherosclerosis.
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Data availability

All

data generated or analyzed in this study are included in this published article and are available from the cor-

responding author upon reasonable request.
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