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Introduction: The aim of this study was to investigate whether estradiol (E2), E2 combined
with progesterone (Prog) (E2/Prog), and genistein (Gen) treatment had antioxidative and anti-
hyperlipidemic effects in the plasma of ovariectomized (OVX) rats.

Materials and methods: Adult female Sprague—Dawley rats were divided into five groups.
Rats in all groups, except for those in a sham group, underwent bilateral ovariectomy under
general anesthesia. The groups were as follows: sham group; control OVX group; group
treated with estrogen (0.014 mg/kg 17-f E2); group treated with a combination of E2 and Prog
(0.014 mg/kg 17-B E2 plus 0.028 mg/kg drospirenone), and group treated with Gen (10 mg/
kg/day). Plasma of rats of each treatment group was analyzed to determine the total antioxi-
dant status, total oxidant status, paraoxonase activity, lipid profile, high-density lipoprotein
(HDL-chol), low-density lipoprotein (LDL-chol), total cholesterol (Total-C), triacylglycerols,
lipoprotein (a), and oxidative stress index.

Results: Plasma Total-C levels and body weight increased in all the OVX groups compared
with the sham group (P<<0.005). The group treated with E2 had significantly elevated total
oxidant status, oxidative stress index, LDL-chol, and Total-C compared with the control group
(P<<0.005). Gen treatment might lead to lower LDL-chol and Total-C levels compared with
E2 treatment.

Conclusions: Gen treatment might be preferred to E2 treatment for treatment of menopausal
symptoms in patients at risk for cardiovascular diseases. However, considering the small sample
size of this study, larger studies are needed in this area.

Keywords: genistein, menopause, cardiovascular diseases

Introduction

Vasomotor symptoms and genitourinary atrophy might develop in 75%-80% of
women in the early menopausal period, and women might also suffer from osteopo-
rosis and atherosclerotic cardiovascular diseases that might be life-threatening in the
late period.! Hormone replacement therapy (HRT) is used to relieve the menopausal
symptoms. Increasingly, low-dose HRT and selective estrogen receptor modulators
(SERMs) have been used during menopausal and postmenopausal periods. Genistein
(Gen) is referred to as a phytoestrogen, an estrogen-like chemical compound present
in some plants. There are two main types of phytoestrogens, namely isoflavones and
lignans. The highest amounts of isoflavones are present in soy, and the most abundant
isoflavone in soy is Gen. Gen is also abundant in red clover.?
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The incidence of cardiovascular diseases is known to
increase at menopause.’ However, women are not prescribed
estrogen therapy during the menopausal period for prophy-
lactic purposes against cardiac diseases. As a consequence,
studies are still investigating alternative options to the estro-
gen therapy for patients at risk for cardiovascular diseases
that might occur at menopause.

Lipoproteins, plasma triacylglycerol (TAG), and global
high-molecular-weight cholesterol ester particles are the risk
factors for cardiovascular diseases, especially for atheroscle-
rosis. The density of lipoprotein molecule depends on the
amount of cholesterol and triglyceride binding to the protein.*
Lipoprotein (a) has been found to be a new independent fac-
tor associated with cardiovascular diseases.’ Lipoprotein (a)
is similar to low-density lipoprotein (LDL-chol); however,
it has a lipoprotein (a) plasminogen-like structure due to
the disulfide bridge. High-density lipoprotein (HDL-chol)
provides protection against oxidative damage, thus playing
a major role. The enzyme paraoxonase (PON1) associated
with the HDL-chol surface modulates the antioxidant and
anti-inflammatory role of HDL-chol.’

It has been shown that pronounced reduction in E2 leads
to an increase in oxidative stress in the body, depending
on the concentration and chemical structure of this hor-
mone. Specifically, E2 at high concentrations inhibits the
8-hydroxylation of guanine bases of DNA. Thus it potentially
has a beneficial antioxidant effect at high concentrations.
However, disorders in genetic structure and DNA forma-
tion bring out the prooxidant effect of estrogen. In addition,
glutathione-4-hydroxynonenal and malonaldehyde, which
increase in the postmenopausal period, also have prooxidant
effects just like estrogen at low concentrations.® Furthermore,
it has been shown that postmenopausal women have higher
serum concentrations of inflammatory cytokines and prooxi-
dant biomarkers, such as glutathione, 4-hydroxynonenal,
and malonaldehyde, compared with premenopausal women.
Elevated cytokines and prooxidant markers might be an indi-
cator of oxidative stress in the postmenopausal period.”®

In premenopausal women, the primary estrogen in cir-
culation is 17-B E2. 17-B E2 is a natural human estrogen
and compensates for the physiological estrogen deficiency
in the body, without affecting the liver functions.’ It has
been shown that drospirenone has antimineralocorticoid
and antiandrogenic effects. It combats the estrogen-induced
stimulation of the renin—angiotensin—aldosterone system and
stops testosterone from binding to androgen receptors.'’

The current studies investigate phytoestrogens as an
alternative option to synthetic estrogen, which might lead to

potential complications. Like the other phytoestrogens, Gen
either increases or decreases the effects of estrogen as it binds
to the estrogen receptors (ERs: ER-B and ER-o) on cells. Gen
binds to ER-B 20 times more frequently than to ER-o.. Gen
stimulates both of these receptors; however, stimulation by
Gen is not as powerful as the stimulation by real endogenous.
In addition, it stops the attachment of the estrogen itself.
Estrogen has been associated with risks for various cancers.
For that reason, if Gen is regularly used by premenopausal
women, it might help reduce that risk. On the other hand,
Gen can partly compensate for human estrogen deficiency,
such as after menopause. This is one of the reasons why Gen
should be used to treat menopausal symptoms and prevent
osteoporosis.!! Gen may be of help in prevention of heart
diseases!'? and in prevention and treatment of osteoporosis,
as demonstrated by double-blind, placebo-controlled studies.
Furthermore, Gen may help improve blood glucose control in
people with prediabetes.* Studies suggest potential benefits
of Gen in cancer prevention,'>'® as well as in treatment of
cancer'® and amyotrophic lateral sclerosis;!” however, these
studies are based on low-level evidence.

The benefit of treatment with E2 alone vs E2 combined
with progesterone (Prog), as well as the associated hyper-
lipidemic effects (including effects on atherosclerosis) and
cardiovascular risks, are still debated. The aim of this study
was to investigate whether E2 treatment, combined E2 plus
Prog (E2/Prog) treatment, and Gen treatment have anti-
oxidative and antihyperlipidemic effects on the plasma of
ovariectomized (OVX) rats, and to investigate the effect of
the phytoestrogen Gen on blood lipid profile and oxidative
stress markers, as a potential alternative to HRT.

Materials and methods

Animals, care, and nutrition

This study was designed in accordance with the Animal
Welfare Act and Guide for Care and Use of Laboratory
Animals. It was carried out at Dicle University Health Sci-
ences Practice and Research Center after the approval of
Dicle University Local Ethics Committee for Care and Use
of Laboratory Animals (approval number 2012/07) was
obtained. A total of 50 adult female Sprague—Dawley rats,
weighing between 250 and 300 g, were kept in separate cages
in the animal laboratory of Dicle University. They were
maintained in a 12-hour light-dark cycle at room temperature
(25°C£3°C) and were provided with standard rat chow and
water ad libitum. All efforts were made to minimize animal
suffering and to use the minimum number of animals neces-
sary to produce reliable scientific data.
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Experimental treatment
Rats were randomized into five groups, with ten rats in each
group, as described below:

Group 1 (sham group): The same surgical procedure was
performed in the sham-operated rats except that the ovaries
were not removed. Each rat received water without any medi-
cation, by orogastric catheter, once a day for 8 weeks.

Group 2 (control group): OVX rats received water with-
out any medication, by orogastric catheter, once a day for
8 weeks.

Group 3: OVX rats received 10 mg/kg Gen'® (Bonistein
S®; DSM Nutritional Products, Istanbul, Turkey), by orogas-
tric catheter, once a day for 8 weeks.

Group 4: OVX rats received 0.014 mg/kg 17-B E2'®
(Estrofem®; Novo Nordisk, Bagsveerd, Denmark), by oro-
gastric catheter, once a day for 8 weeks.

Group 5: OVX rats received 0.014 mg/kg 17-f E2 plus
0.028 mg/kg drospirenone (Angeliq®; Shering Alman), by
orogastric catheter, once a day for 8 weeks.

In this study, drospirenone was used because it is a
natural Prog-like progestin. Drospirenone is an analog of
spironolactone. Unlike other progestogens, it has biochemical
and pharmacologic profiles almost the same as endogenous

Prog, particularly regarding antimineralocorticoid and anti-
androgenic activities. '

Ketamine hydrochloride (100 mg/kg, by intraperitoneal
[1P] route) (Ketalar®; Pfizer, Inc., New York, NY, USA) and
xylazine (1 mg/kg/IP) (Rompun®; Bayer Healthcare AG,
Leverkusen, Germany) were used to induce anesthesia. A
midline abdominal incision was made at the pelvic level,
under general anesthesia, in all groups. Bilateral ovariec-
tomy was performed in all groups except for the sham group
(Figure 1). Musculoperitoneum and fascia were sutured
with 4/0 polyglactin (Ethicon®; Ethicon, Inc., Somerville,
NJ, USA), whereas the skin incision was sutured with 3/0
atraumatic silk sutures. No antibiotics were administered
before, during, or after the intervention, as effects and
bioavailability of phytoestrogens depend on the route of
administration, dosing, individual metabolism, administra-
tion of other pharmacologic agents, target tissue, concentra-
tion, number and type of ER, and presence or absence of
endogenous estrogen.'”

All treatments were initiated precisely 1 week after surgery.?
At the end of the study, all rats were sacrificed by intracardiac
blood aspiration. In OVX rats, uterine atrophy was verified as

an indicator of successful removal of both ovaries.

Figure | Bilateral ovariectomy performed after midline laparotomy.
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Administration of genistein and estrogen

For oral administration, E2 and Gen were dissolved in
dimethyl sulfoxide (DMSO) 4% (Sigma-Aldrich Corp, St
Louis, MO, USA) (up to a concentration of 100 mM) and

2021

given by gavage.

Biochemical measurements

In this study, the total antioxidant status (TAS) of supernatant
fractions was assessed using a new automated and colori-
metric measurement method that was developed by Erel.?
This is a 2,2 V-azinobis-(3-ethylbenzothiazoline-6-sulfonate)
(ABTSS+)-based method. In this method, the reduced form,
ABTS, is oxidized to a typical blue—green ABTSS+. When
the colored ABTSS+ is mixed with any oxidizable substance,
itis reduced back to its original colorless ABTS form, where
the reacted substance is oxidized. This is the fundamental
principle of the methods that employ ABTS. The reduced
ABTS is oxidized to ABTSS+ by means of hydrogen per-
oxide (H,0,) alone, in the acidic medium. The concentrated
ABTSS+ molecules remain stable for a long while in the
acetate buffer solution. When diluted with a more concen-
trated acetate buffer solution at high pH values, the color is
spontaneously and gradually bleached. Antioxidants in the
sample speed up the bleaching rate to an extent proportional
to their concentrations. This reaction can be viewed spec-
trophotometrically, and there is an inverse relation between
the bleaching rate and the TAS of the sample. The reaction
rate is calibrated with Trolox, which is a traditional standard
for TAS measurements. The assay has excellent precision
values, which are below 3%. The TAS results are expressed
as umol Trolox equivalent/L.

The total oxidant status (TOS) of supernatant fractions
was assessed using a new automated and colorimetric mea-
surement method that was developed by Erel.” Oxidants in
the sample oxidize the ferrous ion—o-dianisidine complex
to ferric ion. Glycerol molecules, which are abundant in the
reaction medium, increase the oxidation reaction. The ferric
ion gives a colored complex with xylenol orange, in an acidic
medium. The color intensity can be assessed spectrophoto-
metrically and is related to the total amount of oxidant mol-
ecules in the sample. The assay is calibrated with H,O,. The
TOS results are expressed as mmol H,0, equivalent/L.

Photometric measurements for total cholesterol (Total-C),
TAG, HDL-chol, and LDL-chol were performed on an Abbott
C 16000 device (Abbott Laboratories, Abbott Park, IL, USA).
Lipoprotein (a) was determined by nephelometric method
on a Beckman Immage® 800 device (Beckman Coulter Inc,
Brea, CA, USA). Serum PONI activity was determined

spectrophotometrically by means of modified Eckerson
method. PON1 activity was detected using paraoxone as a
substrate, with absorbance of 4-nitrophenol at 412 nm.* As a
marker of the degree of oxidative stress, the oxidative stress
index (OSI) was determined by calculating the ratio of the
total peroxide to the total antioxidant potential.?®

Statistical analyses

Data were analyzed in Statistical Package for Social Sci-
ences 18.0 for Windows (SPSS Inc., Chicago, IL, USA).
The Kolmogorov—Smirnov test was used to determine the
distribution pattern of the data. The Kruskal-Wallis test
was used to make comparisons among the five groups. Post
hoc Mann—Whitney U-tests were used to determine which
of the five groups differed from one another. Bonferroni
correction was performed. All differences associated with
a probability of 0.005 or less were considered statistically
significant. Means and standard deviations were used to
describe numerical variables.

Results

Results of the plasma analyses for HDL-chol, LDL-chol,
TAG, Total-C, PONI1 activity, TOS, TAS, OSI, and
lipoprotein (a), as well as pretreatment and posttreatment
body weight, are demonstrated in Table 1. Ovariectomy
led to an increase in body weight compared with the sham
operation (P<<0.001). In addition, oophorectomy led to a
statistically significant (P=0.002) increase in plasma Total-C
levels compared with the sham operation. Compared with the
sham group, the OVX group had no statistically significant
differences in the HDL-chol, LDL-chol, TAG, TOS, TAS,
OSI, or PONT1 activity (P>0.005). The E2-treated group had
significantly elevated levels of LDL-chol, Total-C, TOS,
and OSI in comparison with the control group (P<<0.005).
Compared with the control group, the E2/Prog- and Gen-
treated groups had no statistically significant differences
in HDL-chol, LDL-chol, Total-C, TAG, TAS, TOS, OSI,
PONI activity, or in pretreatment and posttreatment body
weight (P>0.005).

LDL-chol significantly decreased in the E2/Prog-treated
group but not in the E2-treated group (P=0.004). However,
there was no significant difference in HDL-chol, Total-C,
TAG, TAS, TOS, OSI, PONI1 activity, or body weight
(P>0.005) between the given groups.

The E2-treated group had significantly elevated LDL-
chol and Total-C levels compared with the Gen-treated
group (P<<0.005). However, there was no significant differ-
ence in HDL-chol, TAG, TAS, TOS, OSI, PONI activity,
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Table | Biochemical data of study groups and statistical findings (P-values) with regard to biochemical data

Group OVX+G OVX+E OVX+E/P Sham ovVX P-values

parameters (n=10) (n=10) (n=10) (n=10) (n=10)

HDL-chol (mg/dL) 25.7 +2.0 26.212.6 26.812.2 23.9+11.2 27.6x11.6 #0.004, 10.006, *0.003,
(22-29) (21-30) (23-30) (18-556) (15-59.2) *rELIEXNS

LDL-chol (mg/dL) 50.216.1 68.218.2 56.318.0 32.6+21.8 41.0t12.6 0.002, 10.001, ¥0.004,
(42.6-62.8) (54-80) (44.6-74.0) (10.6-92.0) (23.4-58.6) 10.002, £0.000, #0.002,

nELENS

TAG (mg/dL) 42.749.7 42.916.2 38.3%14.1 62.1+13.6 56.6x18.1 #0.003, %0.001, %0.004,
(29-57) (35-58) (20-59) (46-92) (36—-103) FIEXIANG

Total-C (mg/dL) 84.516.6 103.0£10.4 90.848.6 55.6£12.3 80.0£13.7 #0.000, 10.002, *0.002,
(76-97) (82—-106) (80-107) (25-66) (48-94) %0.000, *0.001, 10.000,

LEL¥NS

TAC (UM 1.240.17 1.120.1 1.140.1 1.35+0.13 1.240.1 HELuEXATANS

Trolox equiv./L) (1.1-1.6) (0.9-1.4) (0.9-1.4) (1.0-1.6) (1.0-1.4)

TOS (UM 265.0t131.2 226.0197.2 189+106.1 94.1168.1 105.4£53.6 #0.005, *0.001, 10.003,

H,0, equiv./L) (50.9—-448.6) (81.1-426.6) (36.5-439.0) (35.5-236.6) (45.3-189.4) rEnTEXENS

PONI activity (U/L) 133.6+50.6 104.9+45.4 95.1+45.4 147.9£37.2 133.71£40.7 *ELLTEXALENS
(35.7-181.0) (15.4-152.9) (12.1-174.1) (91.6-213.7) (73.8-194.2)

(o] 204.5£101.3 198.6£92.4 164.2+101.9 68.1146.5 85.2+45.7 #0.003, *0.002, 10.001,
(43.9-347.7) (71.1414.1) (30.1418.1) (27.5-164.3) (39.4-180.1) *ERTEXENS

Pre-t. body 262.1£14.7 263.1£10.4 262.4+9.3 262.4t14.7 261.619.6 SIS CATEEINTY

weight (g) (254-278) (250-281) (251-280) (250-287) (251-280)

Post-t. body 317.3136.9 340.8+40.4 325.9+13.2 260£15.3 305.8+25.3 *0.001,%0.001, 10.001,

weight (g) (263-370) (261-391) (305-352) (243-289) (256-334) £0.000, *=TE€¥NS

Lipoprotein a <2 <2 <2 <2 <2 *ELLTEXATENG

Notes: G: 10 mg/kg/day E: 0.014 mg/kg 17-B estradiol E/P: 0.014 mg/kg 17-B estradiol plus and 0.028 mg/kg drosperinone. Data are presented as meantstandart
deviation (min-max). P-values denoting the outcomes of comparison of the parameters of biochemical five groups. P<<0.005 was considered to be statistically significant.
*Sham versus OVX, #*Sham versus OVX+G, tSham versus OVX+E, ¥Sham versus OVX+E/P, *OVX versus OVX+G, ZOVX versus OVX+E, “OVX versus OVX+E/P, TOVX+G versus OVX+E,
€OVX+G versus OVX+E/P, ¥*OVX+E versus OVX+E/P; NS= Not significant between groups.

Abbreviations: HDL-chol, High-density lipoprotein; LDL-chol, Low-density lipoprotein; TAG, triacylglycerols; Total-C, Total cholesterol; TAC, Total antioxidant status;
TOS, Total oxidant status; PON | activity, Paraoxonas activity; OSI, Oxidative stress index; Pre-t. body weight, Pretreatment body weight; Post-t. body weight, Posttreatment
body weight; mg/dL, milligrams/deciliter; LM, Micromol; UM Trolox equiv./L, Mikromol Trolox equivalent per liter; UM H,O, equiv./L, Mikromol hydrogen peroxide equivalent

per liter; U/L, Units per liter; g, gram; OVX, ovariectomized.

or pretreatment and posttreatment body weight (P>0.005)
(Table 1) between the given groups. There was no statistically
significant difference between the Gen- and E2/Prog-treated
groups in biochemical parameters.

Discussion

In this study, no significant difference was found between
the Gen-treated and control groups in HDL-chol, LDL-chol,
TAG, Total-C, PON1, TAS, TOS, OSI, or pretreatment
and posttreatment body weight. However, significantly
lower levels of LDL-chol and Total-C were found in the
Gen-treated group compared with the E2-treated group. In
another study performed on 35 postmenopausal patients
(20 Gen-treated and 15 placebo patients), lower levels
of LDL-chol, Total-C, homocysteine, and visfatin were
reported in the group of patients that were administered Gen
compared with the control group.* The difference might be
explained by the fact that the present study was performed
on rats. Furthermore, it can be stated that Gen does not lead

to increased cardiovascular risk among postmenopausal
women compared with other postmenopausal agents con-
taining E2.

It has been shown that there is a shift to an atherogenic
lipid and lipoprotein profile in the postmenopausal period.?”’
Furthermore, HDL-chol levels increase whereas LDL-chol
levels decrease in amounts that exceed the effect due to the
advanced age in the postmenopausal period. The distribution
of central fat in women has been positively associated with
the elevated levels of Total-C, TAG, and LDL-chol, and
negatively associated with the reduced HDL-chol levels.?®
In the present study, there was no difference in HDL-chol
and LDL-chol levels, whereas Total-C levels and body
weight were observed to increase after ovariectomy.
Increased Total-C level and body weight are consistent
with the findings of previous work reporting atherosclerosis
tendency at menopause.?” 17-f E2 is a natural human
estrogen and compensates for the physiological estrogen
deficiency without affecting liver function. It reaches
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maximum plasma levels in 5-8 hours, and its half-life is
approximately 12—14 hours.

Menopausal hormone therapy (HRT) has been associated
with beneficial effects on oxidative stress. Most studies favor
its administration to menopausal women. Some studies, how-
ever, are not in favor of its use for treatment of menopausal
symptoms due to the antioxidant and prooxidant character-
istics of estrogen, in addition to several side effects it might
have. It has also been suggested that MHT has no significant
effects on oxidative stress levels.?'*? In the present study, no
significant difference was found in TAS, TOS, or OSI levels
after ovariectomy. Comparison between the Gen- and E2/
Prog-treated groups revealed that there was no significant
difference between the groups in TAS, TOS, or OSI levels.
On the other hand, the E2-treated group was observed to
have elevated TOS levels. In the study of McManus et al the
results do not support the role of estrogen as an antioxidant in
vivo.** There may be some explanations for the contradicting
results in vivo and in vitro. Firstly, estrogen concentration
in vitro is 104- to 106-fold higher compared with the con-
centration that is present in postmenopausal women who
receive HRT (in vivo).* In addition, estrogen impacts on
LDL-chol particle size, causing increased proportion of tiny
dense LDL-chol particles. In the end, these particles cause
increased susceptibility to oxidation.*

In their study Evsen et al found reduced TOS and OSI
levels and elevated TAS levels in the brain tissue of OVX
rats treated with Gen, estrogen, or estrogen plus Prog.** To
the contrary, in the present study, the OVX rats treated with
estrogen or Gen had significantly higher TOS and OSI levels
compared with the control group. Effects of Gen depend
on the ER-o/ER-f ratio for oxidative stress regulation and
mitochondrial functionality. The effects on oxidative stress
and mitochondria could be attributed, at least partially, to a
higher ER-f3 presence but could also be attributed to upregu-
lation of ER-[3 caused by Gen.*

Gen is likely to inhibit the formation of blood clots that
are a major cause of heart attacks, as suggested by very early
in vitro research.’’ In the present study as well, the Gen-
treated group had significantly lower LDL-chol and Total-C
levels compared with the E2-treated group. In the Heart
and Estrogen/Progesterone Replacement Study (HERS),*
coronary artery disease (CAD)-related events were found
to increase in the 1st year in the hormone (E2/Prog) group,
while they were observed to decrease from the 3rd year to the
Sth year. However, this decrease did not continue in the sub-
sequent years. The study lasted 6.8 years, hormone therapy
did not reduce the mortality associated with atherosclerosis
in women with CAD.* The HERS concluded that it was not

appropriate to use HRT to reduce the mortality associated
with CAD in menopausal women.

In the Estrogen Replacement and Atherosclerosis (ERA)
Study,** LDL-chol levels were reported to decrease in
the equine estrogen- and combined equine estrogen plus
medroxyprogesterone acetate-treated groups (9.4%120.9%
and 16.5%%21.8%) compared with the placebo group
(1.3%=%21.5%) (P<<0.02 and P<0.001, respectively). No
difference was observed in the occurrence rates of cardio-
vascular events in any of the treatment groups. No statistical
difference was found in the minimal coronary artery diameter
variations between the groups. The ERA study concluded that
neither estrogen alone nor estrogen plus medroxyprogesterone
acetate was effective to stop the progression of atherosclerosis
in women with CAD. It was reported that estrogen replace-
ment therapy should not be used in case of CAD with the
expectation of cardiovascular benefit.** In the present study,
no difference was found in the lipoprotein levels between the
Gen- and E2/Prog-treated group, while LDL-chol, Total-C,
TOS, and OSI levels were significant higher in the E2-treated
group compared with the control group.

In one of its studies, the World Health Institute (WHI)
reported that osteoporosis decreased from 15 to ten in 10,000
person-years, colorectal carcinoma decreased from 16 to
ten per 10,000, stroke-related heart attack increased from
30 to 37 in 10,000 person-years, breast cancer increased
from 30 to 38 in 10,000 person-years, stroke increased from
21 to 29 in 10,000 person-years, and deep vein thrombosis
(DVT) increased from 16 to 34 per 1000 person-years, both
with combined HRT and estrogen replacement therapy in
comparison with the placebo.*

In the present study, no difference was found in lipid
profile and oxidative stress markers between the Gen-treated
and control groups. On the other hand, the Gen-treated group
had lower LDL-chol and Total-C levels compared with the
E2-treated group. This is consistent with the increased heart
attack and DVT rates found in HRT in the WHI study.

The antioxidative effects of Gen were investigated in
many studies. Kim et al explored the effects of soybeans on
lipid mechanisms and oxidative stress markers in rats fed with
high-fat diet and found that soybeans were antihyperlipidemic
and antioxidative.*! In the present study, no difference was
found in HDL, LDL, TAG, TAS, TOS, OSI, PON1, Total-C,
or pretreatment and posttreatment body weight between the
Gen-treated and control groups. However, higher levels of
LDL-chol and Total-C were observed in the Gen-treated
group compared with the E2-treated group. In another study,
one of the OV X rat groups received no treatment, while one
group received Gen and another received E2. The study found
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that the antioxidative activity was higher in the Gen-treated
group compared with the E2-treated and untreated groups.*
In the present study, no difference was found in the oxida-
tive activity between the untreated and Gen-treated groups.
However, the untreated group had significantly lower levels
of TOS and OSI compared with the E2-treated group.

In human studies conducted with HRT, the effects of estro-
gen replacement therapy and E2/Prog therapy on serum TAG,
Total-C, LDL-chol, and HDL-chol levels were investigated.
Loh et al randomly selected 96 healthy postmenopausal women
and administered 1 mg E2 plus 0.5 mg norethisterone acetate
(NETA) and 2 mg E2 plus 1 mg NETA for 6 months in order
to assess the effects of the low-dose E2 and NETA combination
on lipid profile, bleeding profile, and menopausal symptoms.*
Total-C, LDL-chol, and TAG levels decreased in both treat-
ment groups. In the present study, the OVX rats were admin-
istered 0.014 mg/kg 17-f E2 plus 0.028 mg/kg drospirenone,
0.014 mg/kg 17-B E2, or 10 mg/kg Gen. The doses adminis-
tered in this study were consistent with those administered in
other rat studies that used Gen in OVX rats.*

In the present study, Total-C, LDL-chol, and TAG levels
did not decrease in any of the three treatment groups. Sporrong
et al randomized 60 postmenopausal women into four groups
and gave the patients 2 mg 17 E2 plus NETA 1 mgor 0.5 mg;
or 2 mg 178 E2 plus 5 mg or 2.5 mg megestrol acetate. They
measured Total-C, LDL-chol, very low-density lipoprotein
(VLDL-chol), and HDL-chol levels at months 1, 4, and 12,
and found that the dose of progestin rather than its type was
effective on the lipid metabolism. Furthermore, patients that
were administered NETA did not demonstrate any changes
in their lipids.*® In the present study, the comparison between
the Gen-, E2/Prog-, and E2-treated groups showed that the
Gen- and E2/Prog-treated groups had significantly lower
LDL-chol levels compared with the E2-treated group.

In their study, Lee et al*’ found that body weight and
Total-C, TAG, and LDL-chol levels increased in the OVX rats,
while HDL-chol levels decreased. These effects were reduced
by exercise and/or soy isoflavone supplementation. The group
of OVX rats treated with an isoflavone diet and exercise
training had higher PON1 and Nitric oxide (NO) activities
compared with the group of OVX rats treated with general
diet. These results suggest that exercise combined with a soy
isoflavone diet controls lipid profiles and the related enzyme,
PONI, as well as NO activity and apoptosis in the aorta of
OVX rats and thus has protective effects against cardiovascu-
lar risk factors.” Similarly, in the present study, body weight
increased in OVX rats, while no difference was found in the
PONT1 activity. Posttreatment body weight did not change and
Total-C levels were observed to increase in OVX rats.

In conclusion, it was found in the present study that
the Total-C levels and body weight increased in OVX
rats, and HRTs did not have any significant effects on
oxidative stress and lipid metabolites. However, the Gen-
treated group had significantly lower posttreatment levels
of LDL-chol and Total-C compared with the E2-treated
group. In this respect, it could be concluded that Gen
therapy might be selected as the first-line option for the
treatment of menopausal symptoms among women at risk
for cardiovascular diseases that might occur in the post-
menopausal period.
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