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CHAPTER |

INTRODUCTION

During menopause, the hormonal changes can cause a variety of
uncomfortable symptoms such as hot flashes, night sweats, insomnia,
vaginal dryness, or headaches. Especially, it can increase the risk of heart
disease and osteoporosis (Lock, 1994; American Heart Association, 1997;
National Osteoporosis Foundation, 1997). There are two kinds of estrogen
receptor, alpha (ERa) and beta (ERp), and they are founded in almost every
organs of the body (Kuiper et al., 1997). Some organs have predominantly
ERa, such as kidney, uterus, pituitary, and epididymis. Others have equal or
greater amounts of ERp, including ovary, prostate, and brain (Kuiper et al.,
1997). Estrogen receptors are present in the cardiovascular system and

bone, and that estrogen plays an important role in the health of these tissues.

The incidence of coronary artery disease (CAD) is lower in
premenopause women than in age-matched men (McGill and Stern, 1979;
Kalin and Zumoff, 1990). After the menopause, the risk of coronary artery
disease rises to. levels equivalent to those of men (Kalin et al., 1990;
Stampfer et al., 1991; Bush et al., 1987; Gruchow et al., 1998). However,
the risk of CAD in women rapidly increases and gradually approaches that
in men at older ages. The annual incidence of CAD in women aged 55 to 64
is seven times higher than that in woman aged 35 to 44 (Walsh et al., 1991).
Although CAD is more aged-dependent in women than in men, a number of

well-established risk factors contribute to CAD in women as they do in men.



These include smoking, diabetes, hypertension, obesity, and physical
inactivity. In addition, hyperlipidemia plays a significant role in the
development of atherosclerotic heart disease in men and women. Changes in
lipid levels after menopause are associated with increased cardiovascular
risks. Lipid parameters gradually change to effect a 25% increase in low
density lipoprotein cholesterol (LDL-C) and apolipoprotein B and a 15%
increase in total cholesterol (Bonithon et al., 1990). Although lipid levels in
men also gradually increase with age, the elevations in total cholesterol and
LDL-C are not of the same magnitude as those in women. Additionally,
modest elevations in triglyceride and lipoprotein (a) [Lp(a)] levels also occur
in postmenopausal women (Schriewer et al., 1984). In contrast, levels of
high density lipoprotein cholesterol (HDL-C) and its subclass HDL, remain
unchanged or decline only slightly after menopause. Overall,
postmenopausal lipoprotein changes result in a significant increase in

cardiovascular risk for women.

Epidemiological and clinical evidence suggests that estrogen is
cardioprotective, because hormone replacement therapy reduces the risk of
coronary artery disease in women (Stampfer et al., 1991; Barrett et al., 1978;
Lobo et al.,, 1994). © However, the mechanisms by which estrogen is
cardioprotective are incompletely understood. Although. estrogen lower
LDL-C and increases HDL-C, these changes account for only 25% of its
cardioprotecteve effect in women (Bush et al., 1987; Gruchow et al., 1998).
The remaining 75% is accounted by the alternative mechanisms. Estrogen
may be cardioprotective by enhancing vasodilation of the coronary

circulation. Functional estradiol receptors are present on both endothelial



(Colburn et al., 1978) and vascular smooth muscle cells (Karas et al., 1994;
Losordo et al., 1994).

More and more evidences suggest that estrogen has a direct effect on
the blood vessel wall. It indicates that vascular endothelium may play a key
role in mediating these effects by producing several vasoactive factors and
more specifically nitric oxide (NO)( Kleinert et al., 1988). In fact estrogen
replacement therapy (HRT) in postmenopausal improved the impaired
endothelial-dependent relexation ( Gerhard et al., 1998). However,
estrogens also have adverse effects on the reproductive system of female
(Grady et al., 1995) and male (Robinson et al., 1963) that limit their
therapeutic potential. Those adverse effects of estrogen are the induction of
breast and uterine neoplasms and its tendency to increase coagulability
(Lissin and cooke, 2000).

Soy contains phytoestrogens in the form of isoflavones, genistein and
daidzein. Phytoestrogens have similar structure to estradiol and have weak
affinity for the estrogen receptors. Several studies have indicated that a total
daily intake of 25 g of soy protein paired with a low-fat diet resulted in
clinically important. reductions -of total cholesterol -and LDL-C levels.
Soybeans are a rich source of isoflavones, a class of phytoestrogens found
predominantly in legumes and beans.” ‘Soy isoflavones are heterocyclic
phenols with structural similarity to 17p-estradiol and selective estrogen
receptor modulators. Actions at the cellular level depend on the target
tissue, receptor status of the tissue, and the level of endogenous estrogen.
Studies of soy-based diets evaluating the relationship between soy

consumption and serum lipid concentrations revealed that soy consumption



significantly decreased total cholesterol, LDL-C and triglyceride levels.
However, soy isoflavones do not increase HDL-C or triglyceride levels. The
effects of soy protein on other target tissues reflect estrogen like agonist and
antagonist effects (ANN and Lorraine, 2000).

A traditional Asiatic phytoestogen-rich diet is associated with a lower
incidence of breast and uterine cancer, menopausal symptoms, and much
evidence indicates that phytoestrogens prevent bone resorption, increase
bone density and reduce cholesterol. The estrogenic effects of
phytoestrogens can be useful in preventing postmenopausal osteoporosis and
cardiovascular disease (Chiechi, 1999). In summary, phytoestrogens, in the
form of dietary isoflavones, might be a new nutritional approach to

cardiovascular protection.

According to the literature reviewed as indicated above, it has been
demonstrated that phytoestrogens has its good role on cardioprotection like
estrogen. However, mechanisms of both estrogen and phytroestogens have
not yet been clarified. Whether it is based directly on lipid lowering
property or on its direct effect on endothelial function. Therefore, our

objectives are:

1. To study ‘the effect of genistein” on lipid profiles in bilateral
ovariectomized rats.
2. To study the effect of genistein on coronary vasodilation in bilateral

ovariectomized rats.



CHAPTER 11

REVIEWS OF LITERATURE

Phytoestrogens

Phytoestrogens are naturally occurring estrogens that may have
beneficial effects on the cardiovascular system and may also alleviate
common illnesses afflicting women, such as menopausal symptoms,
osteoporosis and breast cancer. Phytoestrogens may have advantages over
conventional estrogens in that they may lower LDL-C without inducing
hypertriglyceridemia (Anderson et al, 1995); they may relieve menopausal
symptoms without increasing the risk of uterine or breast neoplasia
(Giidman et al.,, 1996); they may enhance vascular function without
accelerating pathological angiogenesis (Fotsis et al., 1993); and there are no
reports of thrombotic events. There is not yet enough evidence from large
randomized trials to make an unqualified recommendation about the use of
phytoestrogens, but accumulating data indicate that phytoestrogens may be
an alternative therapy for postmenopausal women at risk for cardiovascular

disease.

Isoflavones, . “lignans < and" coumestans ‘are ' “major = sources of
phytoestrogens. Common and significant sources of phytoestrogens are
soybeans (isoflavones), cereals and oilseeds such as flaxseed (lignans) and
alfalfa sprouts (coumestans). The most common and best studied
phytoestrogens is the class of isoflavones. The most abundant active

components of isoflavones are genistein and daidzein. These agents appear



to have selective estrogenic actions, for exsample in some tissues they
display proestrogenic responses, whereas in other, they inhibit estrogenic
effects. The recent identification of a second subtype of estrogen receptor
lends support to the theory of selective estrogenic action (Paech et al., 1997;
Foegh et al.,, 1998). Estrogenic activity is dependent on the affinity of
binding to the estrogen receptors, which is determined by the presence of the
aromatic ring as well as hydroxyl groups at specific cites (Martucci and
Fishman, 1993). Compared with estradiol, genistein and daidzein bind
estrogen receptors (ER) with 100 and 1,000 times less affinity, respectively
(Adlercruetz et al., 1995). Nevertheless, in the quantities that can be
consumed in the diet, isoflavones can have biological effects.
Antiestrogenic effects may be due to the competitive inhibition at the
estrogen receptor, interference with gonadotrophins, the inhibition of
estrogen synthesis or increased synthesis of estrogen-binding protein.
Phytoestrogens do not have feminzing effects in male primates as reflected
by unchanged weight of the reproductive organs in these animals, although
prenatal exposure of rats resulted in diminished weights of ovaries and uteri

in female (Awoniyi et al., 1998).

Isoflavones

Soy contains phytoestrogens in the form of the isoflavones, genistein
and daidzein. These are known to have weak estrogenic effects when
consumed by animals and humans (Knight et al., 1996). Researchers are
studying the physiological effects of the isoflavones to find out whether they

can serve some of the same functions as the physiological estrogens, and



thereby decrease the health risks associated with menopause. Soyfoods are
commonly consumed in the Asian countries, providing an estimated 25 to 45
mg of isoflavones per day for the average person (Knight et al., 1996).
Japan has the highest consumption of soy, and an estimated 200 mg per day
intake of isoflavones. In the US and Canada, average isoflavone
consumption is less than 5 mg per day (Knight et al., 1996). A cross-cultural
study of menopause found that women in Japan rarely reported the
symptoms of perimenopause which are common in the West (Lock, 1994).
Post-menopausal Japanese women also have lower rates of osteoporosis and
heart disease, and a longer life-expectancy (Lock, 1994). These facts have
fueled an interest in research designed to clarify the relationship between

soy consumption and health.

Z ([ 2

T

Estradiol-173

OH . OH

Genistein
Daidzein

Figure 1. Structural formulars of 17p-estradiol genistein and daidzein.



Isoflavones absorption and metabolism

Isoflavones have a similar chemical structure to the mammalian
estrogens.  After ingestion, the conjugated form of isoflavones are
hydrolyzed by the intestinal b-glucosidases, which release the principal
bioactive aglycones, daidzein and genistein. These compounds may be
absorbed or further metabolized in the distal intestine with the formation of
specific metabolites, such as equol and p-ethylphenol (Setchell, 2000).
Three native b-glucosidases have been identified in humans (Day et al.,
1998). The first is glucocerebrosidase, being a lysosomal enzyme which
hydrolyses glucoceramide from endogenous membrane glycolipids. Another
is lactase phlorizin hydrolase, which is a membrane bound enzyme found in
the brush-border of the small intestine, and is primarily responsible for the
hydrolysis. The third b-glucosidase is a broad-specificity cytosolic enzyme
found in abundance in the liver, kidney, and small intestine of mammals.
Some intestinal bacteria produce b-glucuronidases, which can deconjugate
these isoflavone metabolites when they pass through the intestine (Setchell,
2000). The aglycones along with any bacterial metabolites are absorbed
from the intestinal tract and transported via the portal venous system to the
liver, where. the-isoflavones and their metabolites are efficiently conjugated
with glucuronic acid (95%), and to a lesser extent are found as sulfate
conjugates (Lundh, 1995). They are then excreted in the urine or in the bile
(Zhang et al., 1999). Some isoflavones undergo enterohepatic recycling. It
has been proposed that the intestinal metabolism is essential for their
subsequent absorption and bioavailability in the body. However, Andlauer et
al. (Andlauer et al., 2000) reported that genistin was partly absorbed without

previous cleavage. Piskula et al. (Piskula et al., 1999) also demonstrated



that both aglycones and their glucosides are absorbed very fast. These
results contradict the above assumption. The results from Izumi et al. (Izumi
et al., 2000) showed that the isoflavone aglycones were absorbed faster and
in greater amounts than their glucosides in humans. The peak concentrations

of isoflavones in the blood are seen generally 4-8 h after dietary intake

(Setchell, 2000; Setchell et al., 2001). Most of the daidzein and genistein are
excreted in the urine within the first 24 h after food intake (Xu et al., 1994;
Lu and Anderson, 1998). The rate of urinary excretion of daidzein was
greater than that of genistein throughout the postmeal period (King and
Bursill, 1998). Differences are observed in the elimination half-life for
different studies. Watanabe et al. (Watanabe et al., 1998) found that after
ingestion of 60 g baked soybean powder, the half-lives of plasma genistein
and daidzein were 8.36 and 5.79 h, respectively. While with the same foods,
from King and Bursill's (King and Bursill, 1998) research, the elimination
half-lives were 4.7 and 5.7 h for daidzein and genistein, respectively. More
rapid elimination is observed for isoflavones in a liquid matrix than in a
solid matrix (Setchell, 2000). In ruminant animals, the absorption of
isoflavones takes place mainly in the rumen, where the gastrointestinal
epithelium is the major site of metabolism. The liver contributes very little
to the total degradation of isoflavones “in- ruminants (Lundh, 1995).
Metabolism of isoflavones in pigs is not as well documented. The pig seems
to differ markedly in comparison with ruminants regarding the conjugation

of equol. Only 50-70% of equol was found in the conjugated form whereas

the corresponding figure for the conjugated equol in plasma from cow and
sheep is 95-99%.
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The metabolism of isoflavones is also influenced by other
components in the diet. For example, a diet rich in carbohydrates that causes
increased intestinal fermentation results in more extensive biotransformation
of isoflavones and higher levels of equol. The metabolism is blocked in the
presence of antibiotics, which alters the intestinal flora (Setchell et al.,
1984). However, the presence of different population of microflora in the

human gut may also influence the bioavailability of soy isoflavones.

The ability of isoflavones to bind to the ER and produce
estrogenic responses was demonstrated in a breast cancer cell line treated
with genistein and daidzein. The ability of these compounds to effectively
compete with estradiol-17f3, although these compounds were much less
effective on a molar basis than estradiol-17f3 itself (Miksicek et al., 1995).
Relative to estradiol-17f, soy isflavones have a 7 times greater affinity for
estrogen receptor B (ERB) than estogen receptor o (ERa). The relative
binding affinity of genistein compared with that of estradiol is about 36% for
ERB and 5% for ERa (Kuiper et al., 1997). Tissue-specific responses to
isflavones, much like estrogen and the SERMs, may be explained, in part, by
the relative expression of ERec-and ERp present and varying receptor-ligand
interactions that have differing transcriptional activities (Paech et al., 1997,
Fitzpatrick et al., 1999).

Phytoestrogens have demonstrated numerous biochemical
actions. Actions at the cellular level depend on the target tissue, receptor
status of the tissue, and the level of endogenous estrogen. For example, in

premenopausal women in whom circulating levels of endogenous estrogen
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are high, isoflavones may act as estrogen antagonists. In postmenopausal
women with lower levels of circulating estrogen, isoflavones may have the
opposite effect and have as estrogen agonists (Adlercreutz, 1997). These
observations led to the hypothesis that isoflavones would be biologically
active, conferring health benefits that could explain the relatively low
incidence of hormone-dependent diseases in countries in which soy is a

dietary staple.

Hormonal effects of isoflavones

Phytoestogens act as estrogen receptor (ER) agonists or
antagonists, depending on the hormonal status of the animal or man.
Isoflavonoids at concentrations 100-1000 times higher than that of 17p-
estradiol have been considered to compete with endogenous mammalian
estrogens, to hind ER, and to prevent estrogen-stimulated growth in
mammals (Adlercreutz et al., 1995). It is therefore possible that the
consumption of a diet rich in phytoestogens could affect endogenic hormone
production. The mid-cycle peaks of the luteinizing hormone and the follicle
stimulating hormone are suppressed (Cassidy et al., 1995) or sometimes
unaffected (Lu et al., 2000), and in premenopausal women the length of the
follicular phase of the menstruals cycle is increased during an isoflavones-
rich diet (Cassidy et al., 1995; Lu et al., 1996). The serum 17p3- estradiol
concentration is unaffected (Cassidy et al., 1995; Honore et al., 1997) or
decreased (Lu et al., 1996; Lu et al., 2000), the progesterone level is
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decreased (Lu et al., 1996; Lu et al., 2000), and the serum testosterone
concentration is unaffected (Hornore’ et al., 1997), or reduced (Strauss et al.

1998) by dietary isoflavones supplementation.

Menopause is frequently accompanied by unpleasant symtoms
such as hot flashes, emotional disturbances and compromised sexual
activity. Epidemiological observations of Asian females, who typicallly
consume a diet high in soy, have a much lower incidence of menopausal
symptoms than Western women do. Asian women who lived in the Western
worked and did not consume soy did not display this lowered incidence of
menopausal symptoms. The mild estrogenic activity may ease menopause
symptoms for some women, without creating estrogen related problems.
Abundant evidence exists implicating that soy isoflavones may help relieve
menopausal symptoms, and the recent scientific studies have confirmed this
hypothesis. One study was composed by fifty-eight menopausal women,
who supplemented their diets with soy everyday for three months. Prior to
the study, the women experienced an average of fourteen hot flashes per
week. The women taking the soy reduced their hot flashes by 40 percent
(Cassidy, 1994).

Another important - menopausal symptom is vaginitis, which is
due to epithelial atrophy.When postmenopausal women consume a mixture
of soy, linseed and clover, an increase in cell proliferation in the vaginal
epithelium occurs (Wilcox et al., 1990), indicating estrogenic activity.

However, opposite findings also exist. Soy isoflavones have no estrogenic
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effect on vaginal cytology in postmenopausal macaques (Cline et al., 1996)

or women (Murkies et al., 1995).

Osteoporosis is a condition in which bone density is decreased,
although the composition remains unaltered. Bone becomes porous due to an
imbalance between the bone cells responsible for the formation and
resorption of the bone. This results in structural failure and an increased
likelihood of fracture. Osteoporosis is particularly a problem in women
postmenopause due to the acceleration of bone loss associated with the
estrogen loss. Hormone replacement therapy (HRT) is effective in
preventing the bone loss, up to the age of at least 75 years, provided it is
taken for several years early on in the postmenopausal phase (Bingham et
al,, 1998)

The incidence of osteoporosis differs within populations, and
according to the World Health Organaization report (1994) the incidence is
lower in Asian women than in western women. One of the reasons for this
could be the dietary differences between the areas, which are partly related
to the consumption of soy products. Soy /isoflavones -have been shown to
attenuate bone loss in perimenopausal women (Alekel et al., 2000) and in
ovariectomized rats (Arjmandi et al., 1998a). This may be due to enhanced
bone formation rather than the slowed bone resorption (Arjmandi et al.,
1998b). Although both genistein and daidzein are effective in preventing
bone loss, daidzein is the more potent of these two compounds (Picherit et
al., 2000).
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The incidence of breast, endometrial and ovarian cancer is
lower in Asian and eastern Europe than in western countries (Rose et al.,
1986). All these cancers are hormone-dependent. Migrants from Asia who
maintain their traditional diet have a decreased risk even when living in
western countries (Kolonel, 1988), whereas the increased risk of these
diseases follows a change towards a westernized diet (Lee et al., 1991) An
increased soy intake, for example, is associated with reduced breast cancer
risk in both pre- and postmenopausal women (Wu et al., 1996) and with
lowered prostate cancer risk in men (Jacobsen et al., 1998; Strom et al.,
1999).

Cardiovascular effect of isoflavones

Cardiovascular disease is the leading cause of death among
women in developed nations. It is recognized that its incidence increase
substantially after menopause, purportedly due to the loss of estrogen’s
protection. The increase incidence of cardiovascular events in younger,
surgically postmenopausal women supported this hypothesis. The role of
estrogen deficiency in cardiovascular disease was further indicated by
preclinical studies demonstrating that estrogen could inhibit atherosclerosis.
Population-based, * observational = studies rivealed that the risk of
cardiovascular events in women taking hormones was cut in half (i.e., a
relative risk of 0.5), providing support for a benefit of estrogen (Grodstein et
al., 1996; Barrett and Bush, 1991; Stampfer and Colditz, 1991).
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Postmenopausal estrogens and hormone replacement therapy
(HRT) may also be protective against CAD by specifically decreasing the
plasma LDL-C and/or increasing of HDL-C and causing vascular effects in
both vasomotor tone and wvessel wall compliance. Lp(a) is also
acknowledged as a primary predictor of heart disease. Levels of Lp(a) are
genetically determined and are decreased up to 35% by estrogens and other
sex steroids (Knight and Eden, 1996).

The role of estrogens in the prevention of cardiovascular
disease remains controversial (Fitzpatrick, 2000). Although the retrospective
studies suggested a cardioprotective effect, the prospective trials have
indicated a lack of secondary prevention in women with established heart
disease. It is hoped that the use of a more natural estrogen like compound
may provide protection against CAD, the No.1 killer of postmenopausal

women.

Epidemiological studies have demonstrated a reduced rate of
mortality due to CAD in Japanese populations consuming a traditional
Japanese diet compared to a western diet (Kagan et al., 1974). Expatriate
Japanese living-in-the United. Kingdom have higher-blood pressure and
cholesterol levels and lower triglyceride levels than the Japanese still living
in Japan (Robinson et al.; 1995), ‘which suggests that these differences are
not of .genetic origin but may be due to diet. The Japanese diet is rich in soy
products, fish and fibre. The beneficial effects of soy are thought to be
caused primarily by isoflavones and appear to be mediated by many
mechanisms. Most of researchers consider that these effects resulted from a
reduction of plasma LDL-C (Tovar et al., 1998; Crouse et al., 1999; Ashton
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and Ball, 2000) and triglyceride concentrations (Ashton and Ball, 2000; Ho
et al., 2000). Hamilton and Carroll (Hamilton and Carroll, 1976) were the
first to report that soy protein lowered plasma cholesterol in
hypercholesterolemic rabbits. Many reports confirmed these findings to

some extent.

Animal studies demonstrated the important lipid-lowering
effects of soy isoflavones. Monkeys were fed by soy isolates high in
isoflavones and compared in a cross-over trial with a soy isolate in which the
isoflavones had been removed via alcohol extraction.LDL-C, very low
density lipoprotein cholesterol (VLDL-C), and total cholesterol:HDL-C
ratios were significantly lowered, while HDL-C was significantly elevated in
the group on the isoflavone-rich diet (Anthony et al., 1996). No lipid

lowering effect occurred in the group on a casein diet.

Anthony et al (1997) demonstrated a robust effect on serum
lipid levels in both male and female monkeys fed soy diets for 14 months.
Eighty five male and 75 female cynomolgus monkeys were assigned to 1 of
3 treatment groups-casein, soy protein devoid of isoflavones, or soy protein
with intact isoflavones. The LDL-C-and VLDL-C levels were lowered by
30% to 40% , and HDL-C levels increased by 50% in the soy isoflavone
group. compared with the casein-fed group. The prevalence of coronary
artery atherosclerosis in these 3 treatment groups was also evaluated, and the
group provided with soy protein containing phytoestogens had the least

atherosclerosis (Anthony et al., 1997).
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The meta-analysis allowed researchers to combine the results of
38 smaller studies to strengthen and validate their findings. It was shown
that consuming soy protein rather than animal protein significantly
decreased blood levels of total cholesterol and LDL-C. Results showed that
soy protein was most effective in people at the highest risk level. The higher
the initial levels of total and LDL-C, the greater the amount of lowering. It
is now widely accepted that soy protein consumption decreases high blood
LDL-C levels. As little as 25 g of soy protein per day have been shown to
lower cholesterol in individuals with high cholesterol levels. Genistein is the
isoflavone most prevalent in soy. It's thought that it may play a role in the
prevention of the arterial wall changes present when atherosclerosis begins.
Genistein may also interfere with the formation of blood clots that can lead
to arterial blockage. In addition, genistein and daidzein are antioxidants, and
researchers are investigating the possible role of soy isoflavones in reducing
the oxidation of LDL-C. Tikkanen et al.(1998) reported that the intake of
soy protein containing 60 mg isoflavones per day may provide the protection
against oxidative maodification of LDL-C. The oxidative modification of
LDL-C particles is considered to be a prerequisite for the uptake of LDL-C
by macrophages in the artery wall, which is an initial step in the formation of
atheroma. Thus, this-may be;one of the mechanisms of soy protein inhibition

of the atherosclerosis.

Soy isoflavones inhibit the atherosclerotic plague formation by
intervening at several steps in the thrombus formation. Arterial thrombus
formation is generally initiated by an injury to the endothelial cells lining the
blood vessels. One of the first events after an injury is the thrombin

formation. This leads to a cascade of events, including the platelet
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activation, resulting in the thrombus formation. Genistein has been found to
inhibit the thrombin formation and platelet activation (Wilcox and
Blumenthal, 1995). The pathogenesis of the atherosclerotic plaque formation
also involves, in addition to lipid accumulation, the infiltration of monocytes
and T-lymphocytes into the arterial wall, contributing to the thickening of
the wall and occlusion of the vessel. Monocytes and lymphocytes adhere to
the endothelial cell surfaces via the expression of certain "adhesion
molecules.” The infiltration and proliferation appear to be controlled by the
peptide growth factors. The increased levels of isoflavones, genistein
particular, appear to alter the growth factor activity, and inhibit cell adhesion
and proliferation, all activities necessary for the lesion formation in the

intima of blood vessels.

Preclinical studies suggest that the vascular reactivity may be
favorably influenced by isoflavones. In the atherosclerotic macaque, dietary
isoflavones enhance the endothelium-dependent relaxation to acetycholine
(Ach) in the coronary arteries (Homore at al., 1997), and the treatment with
genistein augments the endothelium-dependent arterial relaxations in ovx-
rats (Squadrito et al.,~2000).. In vitro studies of isolated vessels, the
mechanisms . of . isoflavones-induced vasodilation have been examined
(Nevala et al., 1998).
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Endothelium

The vascular endothelium is a highly active endocrine organ covering
the inner surface of the arteries and veins. Endothelial cells are
multifunctional cells playing a key role in the control of the vascular tone
(Furchgott and Vanhoutte, 1989).The endothelium is an important regulator
of the arterial tone because it secretes various vasodilating and contracting

substances.

Endothelium-derived vasodilatory factors

Nitric oxide

In 1980 Furchgott and Zawadzki showed that the endothelium
must be intact for Ach to induce the arterial smooth muscle relaxation. A
substance originating from a vessel with an intact endothelium caused the
relaxation in an arterial ring with a denuded endothelium; it was named “the
endothelium-derived. relaxing- factor” - (EDRF). - Later the EDRF was
confirmed to be nitric oxide (NO) (Ignarro et al., 1987; Palmer et al., 1987).
NO is a gaseous free radical which 'is synthesized from the amino acid L-
arginine by a family of NO syntethases (NOSs). NO relaxes vascular smooth
muscle cell (VSMCs) by increasing the production of cyclic guanosine 3",5

monophosphate (CGMP).
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A normal endothelium constantly releases the small amounts of
NO. The extra NO is released in response to the physiological stimuli such
as an increased shear stress and reduced oxygen tension and to substances
such as Ach , bradykinin, histamine, thrombin, ADP, ATP and the substance
P. So far, NO is the most potent vasodilator known (Umans and Levi, 1995).
NO also inhibits the platelet aggregation, neutrophil adesion to the
endothelium, VSMC proliferation, and adhesion molecule expression. The
synthesis of NO is impaired in many diseases, such as in hypertension,
diabetes, hypercholesterolemia and atherosclerosis (Cannon, 1998). In
human endothelial cells, NO production is enhanced by 173-estradiol but not
by testosterone (Hishikawa et al., 1995), and the physiological levels of
circulating 17p-estradiol could elevate the basal NO release from the
endothelial cells (Wellman et al., 1996). Pharmacologically, NO synthesis
can be blocked by the L-arginine analogs such as Nwm-Nitro-L-arginine
methyl ester (L-NAME).

Prostacyclin

Prostacyclin (PGl,)-is formed from arachidonic acid (AA) by
the cyclo-oxygenase enzyme. . The endothelial cells are the highest
producers of PGl,, but VMSCs and fibroblast are also able to synthetize
PGl,. PGI; is produced in response to shear stress and to substances that
stimulate NO formation. The contribution of PGI, to vasodilation is less

than that of NO. However, PGI, inhibits the platelet aggregation and
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promotes the fibrinolysis. Estrogens stimulate PGI, in cultured human
endothelial cells (Mikkola et al., 1996) and in the rat endothelium (Wakasugi
et al., 1989), whereas testosterone reduces it (Wakasugi et al., 1989). The
synthesis of PGl, is inhibited by common anti-inflammatory drugs such as

acetylsalicylic acid, diclofenac, ibuprofen and tolfenamicacid.

Endothelium-derived hyperpolarizing factor (EDHF)

Endothelium-dependent relaxations and hyperolarizations can be
partially or totally resistant to the inhibitors of cyclo-oxygenase and NO
synthetase, suggesting the existence of an additional endothelial relaxing
mechanism. These NO-and PGl,-independent relaxations appear to be
without an increase in the intracellular levels of cyclic nucleotides in smooth
muscle cells, and the relaxations are antagonized by apamin and ChTX. The
inhibitors of Ca?* sensitive K* channels is responsible for these relaxation,
and the relaxing agent is called an endothelium-derived hyperpolarizing
factor. The nature of EDHF was for a long time unclear, but quite recently, it
had been discovered that EDHF may be an 11, 12-epoxyeicosatrienoic acid
formed by cytochrome P450 2C from arachidonic acid ;, at least in the

porcine coronary artery (Fisslthaler et al., 1999).



22

ACh Shear stress Bradykinin

Endothelium % ’

Ul

Cyclo- N NO EDHF
synthase
oxygenase
i

AA  PGIl, L-Arginine NO
|

Smooth
K* channel

Adenylate Soluble

/CYEE.: guanylate cyclase
7

ATP cAMP GTP cGMP

o 2

Relaxation

muscle

Figure 2. Simplified endothelium-dependent relaxing mechanisms of
vascular smooth muscle. (Modified from Nevala et al, 1998).



23

CHAPTER 11

MATERIALS AND METHODS

This experiment was designed to investigate the effects of Genistein
on coronary arteriolar responses to vasoactive agents in ovariectomized rats
(ovx-rats). Females Wistar rats were used in this study. These rats were
separated into two groups: sham ovariectomized rats (sham-ovx) and ovx-
rats. Each group was also separated for study at 4 and 10 weeks. In this
study, the modified Langendroff method was used. The isolated arrested
heart was prepared to investigate coronary arteriolar responses to
acetylcholine (10°M) and sodium nitroprusside (10“M). Responses to
topical application of these agents were recorded with real time intra-vital
fluorescence microscopic system. After that the diameter of arterioles were
determined using the computer program called “Global Lab Image

Software”.

Chemical substances

Genistein

Acetylcholine ( Ach)
Norepinephrine ( NE )
Sodium nitroprusside ( SNP )
Dimethyl sulfoxide

Bovine serum albumin



Fluorescein isothiocyanate-labeled dextran, molecular weight 150,000
( FITC-Dx-150)

Pentobarbital sodium

Chemical for preparation of Kreb-Hansenleit

Bicarbonate solution

Normal saline solution

Gas mixture (95 % O,, 5% CO; )

Perfusate composition

NaCl 80.00 mM

KCI 39.70 mM
CaCl, 2.52 mM
MgSOg4 1.66 mM
NaHCO3 24.88 mM
KHPO, 1.18 mM
CgH1206 5.85 mM
Bovine serum albumin 2.00 g/100 ml
pH = 7.4

0,: CO, = 95% :5%
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Female Wistar Rats

(N=36)

v

Injection of genistein 4 weeks

|
v - v

Sham+gen.vehicle ovx+gen.vehicle ovx+genistein
n=6 n=6 n=6

Injection of genistein 10 weeks

|
v v v

Sham+gen.vehicle ovx+gen.vehicle ovx+genistein
n=6 n=6 n=6

Figure 3. Diagram of experimental animal groups
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Animal preparations

All rats were supplied by the National Laboratory Animal Center of
Salaya Campus, Mahidol University. Females Wistar rats (n=36) aged of 10
weeks were subjected to a bilateral ovariectomy (ovx-rats). Sham operated
animals (sham-ovx) were used as controls. The animals were maintained at
temperature 28-32°C and light cycle 12 hour light: 12 hour dark cycle at the
Experimental Animal Center, Faculty of Medicine, Chulalongkorn
University. All rats were given free access to standard laboratory chow and

drinking water.

Three weeks after surgery, ovx-rats and sham-ovx animals were

separated into two groups of 4-week and 10 week treatment periods :

1.Studies of treatment with 4-week injection of genistein (n=18)
1.1. Sham ovx (control) (n=6) received daily injection of genistein
vehicle (100 ul of DMSO subcutaneous)
1.2. Ovx rats (n=6) received dialy injection of genistein vehicle
(100 pl of DMSO subcutaneous)
1.3. Ovx rats (n=6) received dialy ‘injection of genistein
(0.2 mg/kg body ‘weight-in100 pl -of -DMSO

subcutaneous)

2 Studies of treatment with 10-week injection of genistein (n=18)
2.1 Sham ovx (control) (n=6) received daily injection of genistein
vehicle (100 ul of DMSO subcutaneous)
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2.20vx rats (n=6) received dialy injection of genistein vehicle
(200 ul of DMSO subcutaneous)

2.30vx rats (n=6) received dialy injection of genistein
(0.2 mg/kg body weight in 100 pl of DMSO

subcutaneous)
The animals were separated into group as shown in figure 3. After

treatment in each group, the animals were used in the performing of isolated

heart experiment.

The Isolated Arrested Heart Model

The isolated heart preparation developed by Langendorff is a model
which is free of central neural and hormonal effects. It has been employed
to study basic questions in cardiac function, metabolism, ultrastructure and
hemodynamics. Moreover, pharmacologic studies have also been performed
using isolated heart preparation. In this preparation, coronary perfusion is
started in situ to avoid ischemic damage to the heart. The studies of coronary
circulation by using perfusate containing elevated potassium (39.7 mM)
have found that the heart was arrested.. Cardiac arrest greatly reduces
myocardial ~-metabolism -and- allows -direct -visualization -of coronary
microcirculation. This model is appropriate for both physiologic and
pharmacologic studies. It is particularly well for determining the direct
effects of an intervention on coronary tone and the coronary

microcirculation. Since the heart is arrested, changes in heart rate and
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contractility do not complicate measurements of coronary tone (McDonagh,
1983; McDonagh et al., 1984).

According to the beneficial effects of isolated heart model as
mentioned above. Therefore, our study would like to use this model for
investigation the effect of genistein on coronary response of ovariectomized

rats.

Experimental of Isolated Rat Heart

On the day of experiment, the animal was not allowed for food for
twelve hours. To prevent thrombosis of the coronary arteries in the
remainder of the experiment, the animals were pre-injected with
approximately 500 USP-units of heparin per 100 g body weight,
intraperitoneally ( i.p. ), one hour before the surgery to inhibit blood
coagulation. Experimental rats were anesthetized for the duration of the
experiments by intraperitoneal administration of 60 mg/kg of sodium
pentobarbital. After tracheostomy, the ventilation was assured by using
positive pressure ventilator (ventilator 141).- Then, a catheter was inserted
into the carotid artery for recording blood pressure and heart rate by using
pressure transducer (Nihon model TP-300T) that connected to the polygraph
(Nihon RM 600).

The skin was incised by a longitudinal cut from the middle of the

abdomen up to the throat. Then the abdomen was opened up to the
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diaphragm. The diaphragm was cut off following the anterior part of the
inferior thoracic aperture. The thorax was cut open on the left and right side
following to bone-cartilage-border on a line parallel to the sternum starting
at the diaphragm and proceeding as far cranial as to the first rib. The
complete anterior thoracic wall was turned upwards over the animal’s head

and fixed in this position.

The pericardium was removed then free the ascending aorta of any
connective tissue and separate from the pulmonary artery. In order to
prevent large amounts of blood from pouring out of the opened aorta and
impeding the view on the surgical area, the inferior vena cava was clamped
with a vessel clamp. The insertion of the aortic cannula was facilitated and
flooding of the surgical area with blood was reduced by sprinkling the heart
with cold physiological saline ( 4 to 8°C ) so that the heart stop beating or

slow down.

The pulmaonary artery was incised so that the right ventricle would not
be overstretched by continuing blood flow during the time when the aortic
cannula has been inserted but the heart has not been removed from the
thorax. The aortic cannula was filled with perfusate and was connected to
the heat exchanger. The ascending aorta was incised and the cannula was
inserted. At this moment a slight perfusion of the coronary arteries
commenced, any blood in the coronary arteries would be washed out and the

re-supply of oxygen to the heart begins.
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The heart, which was now attached to the cannula,was slightly
elevated and cut out. The right atrium was then quickly cut open. The
retrograde perfusion is performed by the Langendorff technique, with
perfusion pressure ( PP ) of 90 mmHg. The whole apparatus was enclosed
in a thermostatic chamber at 37.5°C. The heart rapidly arrested upon
perfusion because the perfusate contained 39.7 mMK® . After coronary
perfusion was established the heart was carefully cut out of the thoracic
cavity. It was placed on chamber for intravital fluorescence microscopy of
the left ventricular epicardial microcirculation.Then, serum were collected
from inferior vena cava. At the end of each experiment, the hearts, livers

and uteruses were disconnected and weighted.

Studies of coronary arteriolar responses to vasoactive agents

In this experiment, the third-order of arterioles ranging in size for 40-
55 um were selected to study the responses of coronary arterioles to
vasoactive agents. After isolated heart preparation and equilibration period
10 min which time the heart were washed with Krebs solution to reach a
steady-state level of base-line tone of the arterioles. The responses of
coronary arterioles to 1 ml of 10”*M norepinephine ( NE, preconstriction ), 1
ml of 10”° M acetylcholine ( Ach ) and'1 ml of 10™ M sodium nitroprusside
were determined on the selected arteriole. In this study, interval of action of
NE, Ach and SNP were used about 3, 3 and 3 min, respectively. Between
each application, for the selected arterioles were washed with Krebs solution

and allowed 10 min washout period was used to allow the vessel to return to
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its control diameter. The protocol used for studies of coronary arteriolar
responses as showed in Figure 5. The video images of the arterioles were
obtained by fluorescent microscopy using fluorescein isothiocyanate-labeled
dextran of 150,000 molecular weight ( FICT-Dx-150 ). In this experiment,
FITC-Dx-150 was mixed with the perfusate solution to make the
concentration equal to 1 mg/100 ml for label the diameter of arterioles by
using the infusion pump rate 0.25 ml/min that connected with Isolated Heart
Apparatus. After the FITC-Dx-150 reached to the heart, images of vessels
could observed by fluorescence microscopy (Nikon, Model Eclipse E 600).
The isolated heart preparation for direct visualization of coronary
microcirculation showed in Figure 4a and 4b. The images of selected
arterioles in responses to all vasoactive agents and their base-line diameter
were recorded on the videotape. The diameter of arterioles were determined
by using the computer program “Global Lab Image” . The diameter of each
selected arteriole was assessed by the software indicated by number of
pixels (n). Then the software convert number of pixels to micrometer.
Figure 6 show the measurement of distance between two points (B to C) by
using point A as a reference point and the detial for analysing the percent

changes of arteriolar diameter.
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Figure 4a. Isolated heart preparation for direct visualization of coronary

microcirculation.
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Figure 5. The protocol used for studies of coronary arteriolar responses to

vasoactive agents.
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Figure 6. The reference point A and the defined point B and C. The
diameter of arteriole was measured as the length of B-C.

Mean Diameter = B,C,+B,C,+B3Cs
3

9%sChange of Diameter = BC, — BC, X 100%

BC,
B_CV mean diameter of coronary arteriolar responses to topical
application of Ach.or SNP.

BC, mean diameter of coronary arteriolar responses to topical
application of NE.
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Plasma total cholesterol, triglyceride HDL-C and LDL-C levels

After performing the isolated heart, plasma was collected from
inferior vena cava. Plasma was separated from total blood by centrifugation
with 3,500 rpm at 4° for 15 minutes, then it was stored at a temperature of
4°C until being analyzed at the King Chulalongkorn Memorial Hospital
Laboratory. The analysis of total cholesterol, triglyceride, HDL-C and
LDL-C in the blood was determined by using an automatic analysis
technique on a chemical analyzer from Roche Diagnostics (Hitachi analyzer
911).

Plasma estradiol (E,)

Blood samples were collected during anestrous period at the end of
the experiment. In order to evaluate plasma E; levels, blood samples (3 ml)
were collected in polyprophylene tubes containing heparin (50,000 1U) and
after centrifugation at 3500 rpm at 4°C for 10 minutes, each sample was
stored at -70°C until analysis. Plasma E, levels were determine by
electrochemiluminescence immunoassay (ECLIT) with a commercial
available kit. Functional sensitivity assay is 44 pmol/1:(12 pg/ml) and

reproducible measured with an inter-assay coeffecient of variation of < 20%.
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Statistical analysis

The results are expressed as means * S.E.. Statistical analysis of
differences between groups was performed using ANOVA followed by
repeated measurement with post hoc Bonferroni’s test. Probability values of

less than 0.05 were considered to be statistically significant.
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CHAPTER IV

RESULTS

General observation

In this study, the ovariectomized rat was used as an experimental
model of postmenopause. In order to confirm the inclusion criteria, the
plasma E, level were determined and demonstrated in Table 1. The results
indicated that plasma E; in ovx-rats and ovx-genistein rats at 3-week period

were significantly decreased as compared to sham-ovx.

Body weight

In this experiment, the changes in body weight (g) were determined.
All ovariectomized groups (4 and 10 weeks) had significantly increased
body weight compared to the age-matched sham-ovx groups. The result was

shown in Table 2 and Figure 8.

Uterine weight

All ovariectomized groups (4 and 10 weeks) had significantly

decreased uterus weight compared to the age-matched sham-ovx groups.

The result was shown in Table 3 and Figure 9.



39

Studies of cardiovascular functions

In this experiment, cardiovascular functions including Systolic blood
Pressure(SP), Diastolic blood Pressure (DP), Mean Arterial blood Pressure

(MAP) and Heart Rate (HR) were determined for all animal groups.

Bilateral ovariectomy did not modify SP, DP, MAP and HR in any
ovx-rats. In addition, supplementation with genistein did not cause any
significant change in all parameters throughout the study period.

All of the results were shown in Table 4-7 and also demonstrated

graphically as showed in Figure 9-12.

Studies of coronary arteriolar responses to vasoactive agents

Endothelium dependent relaxation

Endothelium dependent relaxation determined by measurement the
coronary arteriolar ‘responses: to ' topical application of Ach (10'5M).

Intravital  fluorescent -microscopy: was  used- to -examine those arteriolar
responses in sham-ovx rats, ovx-DMSO rats and ovx-genistein rats at 4 and
10 weeks of treatment. In ovx-DMSO rats at 10 weeks of treatment, there
was significantly decreased response of Ach induced relaxation compared
with age-matched sham-ovx rats. Significant improvement of Ach induced

relaxation was observed in coronary arterioles from the genistein supplement
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in ovx-genistein at 10 weeks treatment compared with the genistein vehicle
treated rats. The changes in arteriolar diameter in responses to Ach in ovx-
DMSO 4 weeks was lower than sham-ovx 4 weeks but was not significant.
However, supplementation of genistein 4 weeks could improve Ach induced

relaxation. The results were summarized in Table 8 and Figure 14.

Endothelium-independent relaxation

The responses to topical application of SNP (10-4M) were

investigated on coronary arterioles of sham-ovx rats, ovx-DMSO rats and
ovx-genistein rats at 4 and 10 weeks. The endothelium-independent
relaxation were then determined. The result was shown in Table 9 and
Figure 15. The topical SNP increased on coronary arteriolar diameters of
sham-ovx, ovx-DMSO and ovx-genistein rats at 4 and 10 weeks. Moreover,
no significant difference of SNP induced relaxation was observed all among

animal groups.

Lipid profiles

Plasma total cholesterol, triglyceride, HDL-C and LDL-C in
ovariectomized rats were not significant changed when compared to sham-
ovx rats. Moreover the four and ten weeks genistein supplementation did not
change the total cholesterol, triglyceride, HDL-C and LDL-C levels. All
these assessed lipid profiles were also demonstrated graphically as shown in
Figure 16-19 and Table 10-13.
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Table 1. Plasma E, of sham-ovx, ovx-DMSO and ovx-genistein at after

washout period 3 weeks.

Group Plasma E; (pg/ml)
sham-ovx 37.11+1.85
Ovx-DMSO 17.56+0.12°
ovX-genistein 15_8813_16b

Values are means + SE ; n =6

ap < 0.05 comparing between ovx-DMSO and sham-ovx

bp < 0.05 comparing between ovx-genistein and sham-ovx
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Table 2. Changes in Body weight (g) of sham-ovx, ovx-DMSO and ovx-

genistein at 4 and 10 weeks

groups Changes in Body weight (g)
4 weeks 10 weeks
sham-ovx 15.00 £ 4.14 37.33+3.14
* *
ovx-DMSO 76.83 £6.34 122.67 £ 9.0
o NS® NS
ovx-genistein 75.33 £ 4.¢5 103.17+9.8

Values are means + SE; n =6
* Significant difference as compared to sham-ovx ( P<0.05)

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05)
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Figure 7. Body weight (g) of sham-ovx, ovx-DMSO and ovx-genistein at 4
and 10 weeks
Values are means+ SE ; n =6
* Significant difference as compared to sham-ovx ( P<0.05).
NS Nonsignificant difference as compared to ovx-DMSO
( P<0.05).
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Table 3. Changes in Uterine weight (g) of sham-ovx, ovx-DMSO and ovx-

genistein at 4 and 10 weeks

groups Changes in Uterine weight (g)
4 weeks 10 weeks
sham-ovx 0.51 £0.06 0.72+0.10
* *
ovx-DMSO 0.10 £0.01 0.12£0.01
o NS’ NS
ovx-genistein 0.11+£0.01 0.12+0.03

Values are means + SE; n =6
* Significant difference as compared to sham-ovx ( P<0.05)

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05 )
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Figure 8. Uterine weight (g) of sham-ovx, ovx-DMSO and ovx-genistein at
4 and 10 weeks
Values are means + SE ; n =6
* Significant difference as compared to sham-ovx ( P<0.05)
NS® Nonsignificant difference as compared. to.ovx-DMSO
(P<0.05)
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Table 4. Systolic blood pressure (mmHg) of sham-ovx, ovx-DMSO and ovx-

genistein at 4 and 10 weeks

groups systolic blood pressure (mmHg)
4 weeks 10 weeks
sham-ovx 114.83 + 8.94 125.00 + 4.28
a a
ovx-DMSO 124.17 + 3.0(5\IS 126.67 + 10.06|\IS
o NSP NSP
ovx-genistein 118.33 £ 2.47 121.67 + 7.82

Values are means £+ SE:n=6

NS® Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05).
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Figure 9. Systolic blood pressure (mmHg) of sham-ovx, ovx-DMSO and
ovx-genistein at 4 and 10 weeks
Values aremeans £ SE ;n'=6
NS* Nonsignificant difference as compared to sham-ovx ( P<0.05 ).
NS Nonsignificant difference as compared to ovx-DMSO
( P<0.05).
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Table 5. Diastolic blood pressure (mmHg) of sham-ovx, ovx-DMSO and

ovx-genistein at 4 and 10 weeks

groups diastolic blood pressure (mmHg)
4 weeks 10 weeks
sham-ovx 84.17 £ 9.26 87.5+4.96
NS NS
ovx-DMSO 93.33 £ 3.07 97.5+£7.83
o NSP NSP
ovX-genistein 90 +£1.83 90.33 +5.83

Values are means £+ SE:n=6

NS® Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05).
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Figure 10. Diastolic blood pressure (mmHg) of sham-ovx, ovx-DMSO and
ovx-genistein at 4 and 10 weeks
Values are means = SE;n =6
NS® ‘Nonsignificant difference as compared to sham-ovx
(P<0.05).
NS Nonsignificant difference as compared to ovx-DMSO
( P<0.05).

Table 6. Mean arterial blood pressure of sham-ovx, ovx-DMSO and



ovx-genistein at 4 and 10 weeks
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groups Mean arterial blood pressure
4 weeks 10 weeks
sham-ovx 94.39 £ 9.02 99.72 £ 4.62
s s
ovx-DMSO 103.61 £ 2.56 107.22 £ 8.54
NS” NS®
ovX-genistein 99.44 +1.91 101.11 £ 6.44

Values are means+ SE : n=6

NS* Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05).
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Figure 11. Mean arterial blood pressure of sham-ovx, ovx-DMSO and
ovx-genistein at 4 and 10 weeks
Values are means = SE; n =6
NS?® _Nonsignificant difference as compared to sham-ovx
(P<0.05).
NS® Nonsignificant difference as compared to ovx-DMSO
( P<0.05).
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Table 7. Heart rate (beats / minute) of sham-ovx, ovx-DMSO and

ovx-genistein at 4 and 10 weeks

Groups Heart rate (beats / minute)
4 weeks 10 weeks
sham-ovx 310 +£18.44 325+ 12.04
s NS
ovx-DMSO 315+ 16.88 332.5 +13.65
NS NS
ovX-genistein 325+ 14.32 3125+19.14

Values are means £+ SE:n=6

NS® Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05 ).
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Figure 12. Heart rate (beats / minute) of sham-ovx, ovx-DMSO and
ovx-genistein at 4 and 10 weeks
Values are means + SE; n =6
NS* Nonsignificant difference as compared to sham-ovx
(P<0.05).
NS Nonsignificant difference as compared to ovx-DMSO
( P<0.05).
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Figure 13. Coronary arteriolar responses to topical application of acetylcholine
(10”).in a isolated arrested heart of control rat.
A. Before topical application of acetylcholine.

B. Coronary arterioles dilate after topical application of acetylcholine.

Table 8. Changes in arteriolar diameter in responses to acetylcholine



(10'5M) of sham-ovx, ovx-DMSO and ovx-genistein at 4 and 10

weeks
groups Changes in arteriolar diameter (%)
4 weeks 10 weeks
sham-ovx 12.02 £ 1.55 10.96 £ 1.23
S8 *
ovx-DMSO 7.64 £0.99 3.2+0.77
. NS® #
ovx-genistein 12.69 £ 1.95 1145+ 1.84

Values are means + SE; n=5

* Significant difference as compared to sham-ovx ( P<0.05).

# Significant difference as compared to ovx-DMSO ( P<0.05).

NS* Nonsignificant difference as compared to-sham-ovx ( P<0.05 ).

NS” ‘Nonsignificant difference as compared to ovx-DMSO (P<0.05 ).
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Figure 14. Changes in arteriolar diameter in responses to acetylcholine
(10_5M) of sham-ovx, ovx-DMSO and ovx-genistein at 4 and 10

weeks
Values are means + SE ; n =5
* “Significant difference as compared to sham-ovx ( P<0.05 ).
# Significant difference as compared to ovx-DMSO ( P<0.05).
NS* Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05 ).

Table 9. Changes in arteriolar diameter in responses to sodium nitroprusside



(10-4M) of sham-ovx, ovx-DMSO and ovx-genistein at 4 and 10

o7

weeks
groups Changes in arteriolar diameter (%)
4 weeks 10 weeks
sham-ovx 12.68 £2.03 16.05 £ 2.82
s s
ovx-DMSO 1243 £ 1.17 12,73 £2.72
o NS® NS®
ovx-genistein 16.79 £ 3.16 16.4+4.71

Values are means £+ SE:n=5

NS® Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05).
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Figure 15. Changes in arteriolar diameter in responses to sodium

nitroprusside(10'4M) of sham-ovx, ovx-DMSO and ovx-genistein

at 4 and 10 weeks

Values are means =+ SE;n=5

NS* Nonsignificant difference as compared to sham-ovx ( P<0.05 ).
NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05).



Table 10. Total cholesterol (mg/dl) of of sham-ovx, ovx-DMSO and ovx-

genistein at 4 and 10 weeks

59

groups Total cholesterol (mg/dl)
4 weeks 10 weeks
sham-ovx 55.17 +3.8 61.33 + 4.65
a a
ovx-DMSO 70.17 £ 4.81 67.67 £2.67
o NSP NSP
ovx-genistein 70.83 £ 4.08 72.00£3.71

Values are means £+ SE:n=6

NS® Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05).
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Figure 16. Total cholesterol (mg/dl) of of sham-ovx, ovx-DMSO and ovx-
genistein at 4 and 10 weeks
Values are means+SE ; n=6
NS® Nonsignificant difference as compared to sham-ovx
(P<0.05).
NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05 ).
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Table 11. Triglyceride (mg/dl) of of sham-ovx, ovx-DMSO and ovx-

genistein at 4 and 10 weeks

groups Triglyceride (mg/dl)
4 weeks 10 weeks
sham-ovx 364 7%.5.73 33.00 £+ 3.83
s? s?
ovx-DMSO 29.67 £4.16 27.67 £ 2.95
o NS® NSP
ovx-genistein 31.17 +£5.08 22.67 +2.10

Values are means £+ SE:n=6

NS® Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05).
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Figure 17. Triglyceride (mg/dl) of of sham-ovx, ovx-DMSO and ovx-
genistein at 4 and 10 weeks
Values are means+= SE; n =6
NS® Nonsignificant difference as.compared to sham-ovx
( P<0.05.).
NS” Nonsignificant difference as compared to ovx-DMSO
( P<0.05).
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Table 12. HDL-C (mg/dl) of of sham-ovx, ovx-DMSO and ovx- genistein at

4 and 10 weeks

groups HDL-C (mg/dl)
4 weeks 10 weeks
sham-ovx 54.67 £ 2.74 59.5+3.75
a a
ovx-DMSO 58.5 + 3.27 64.5+2.01
o NSP NSP
ovx-genistein 64.83 + 2.44 65.33 + 2.20

Values are means £+ SE:n=6

NS® Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as.compared to ovx-DMSO ( P<0.05).
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Figure 18. HDL-C (mg/dl) of of sham-ovx, ovx-DMSO and ovx- genistein
at 4 and 10 weeks
Values are means £ SE; n=6
NS* Nonsignificant difference as compared to sham-ovx
(P<0.05).
NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05).
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Table 13. LDL-C (mg/dl) of of sham-ovx, ovx-DMSO and ovx- genistein at

4 and 10 weeks

groups LDL-C (mg/dl)
4 weeks 10 weeks
sham-ovx 3.50+0.43 6.83 £ 2.10
Sa a
ovx-DMSO 7.50 = 0.62 8.00+1.61
o NSP NSP
ovx-genistein 7.17 +1.49 9.50+1.95

Values are means+ SE : n=6

NS* Nonsignificant difference as compared to sham-ovx ( P<0.05 ).

NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05).
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Figure 19. LDL-C (mg/dl) of of sham-ovx, ovx-DMSO and ovx- genistein
at 4 and 10 weeks
Values are‘'means + SE;n=6
NS?® Nonsignificant difference as compared to sham-ovx
(P<0.05).
NS® Nonsignificant difference as compared to ovx-DMSO ( P<0.05).
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CHAPTER V

DISCUSSION

In the present study, bilateral ovariectomy in female rats was used as a
model represented the menopausal condition. The coronary endothelial
functions of these ovariectomized rats were studied using Langindroff’s
isolated heart model. On 4 and 10 weeks after the ovarian surgery, the
experiments were performed and the lipid profile was examined as well.
The effects of the genistein on plasma lipid profiles and coronary endothelial
functions in ovariectomized rats were also investigated during 4 and 10

seeks of experimental periods.

Study of cardiovascular functions

In our study, the experimental results have demonstrated that the
bilateral ovariectomy did not modify cardiovascular function which were
characterized by unchanged systolic blood pressure, diastolic blood pressure,
mean arterial blood pressure and heart rate. ‘It also showed that there was no
changes on 'blood pressure in both groups of bilateral ovariectomize
genistein supplementation...In.1999-2000, Squadrito et al and Tamaya et al
had also showed that there were not any differences on systolic blood
pressure and diastolic blood pressure between the sham ovariectomized and

ovariectomized rats.
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In 1947, Taylor showed no evidence of a rise in blood pressure in
women at the time of the menopause. This was comfirmed in Framingham
study (Hjortland et al., 1976). Other data are conflicting one prospective
study a temporary decrease on the age-related rise in blood pressure at the
time of the menopause (although only for systolic blood pressure)
(Lindquist, 1982), while the 1960-62 health examination survey showed a
rise in diastolic blood pressure with the onset of the menopause (weiss,
1972). Thus, there is no consistent evidence that the menopause, a state of

estrogen deficiency, has any effect on blood pressure.

In our study, the experiment results have shown that bilateral
ovariectomy could cause a changing of increase body weight in
ovariectomized groups. It found that estrogen was important in regulating
weight gain. Animals with their ovaries surgically removed gained weight,
even if they were fed the same diet as the animals with intact ovaries.

Moreover, supplementation with genistein did not decrease weight gain

Postmenopausal women are at increased risk of coronary heart disease
(CHD), partly because of ‘the decline in‘estrogen production and concurrent
elevations in total and LDL-C level. Obesity, weight gain, and adverse
changes in body" fat distribution and composition are part of this
phenomenon (Poehlman et al., 1995; Wing et al., 1991). Moreover, the rise
in LDL-C levels and onset of other CHD risk factors (eg, high blood
pressure, high total cholesterol and triglyceride levels, insulin resistance) is
directly influenced by weight gain (Wing et al., 1991; Denke et al., 1994).
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Weight gain in menopausal women appears to be more closely related
to physiologic and behavioral changes associated with aging than to
hormonal shifts. Changes in resting metabolic rate (RMR) have been
observed, which may be due in part to a decline in fat-free mass. However,
loss of ovarian function and the luteal phase of the menstrual cycle may also
contribute to decreased RMR (Heymsfield et al., 1994). The age-related
decline in RMR and decreased physical activity, with or without increased

caloric intake, could easily result in weight gain.

The factor most consistently related to weight gain in this age-group is
decreased physical activity (Wing et al., 1991). Poehlman and associates
showed that postmenopausal women were less physically active during
leisure time than age-matched premenopausal women (Poehlman et al.,
1995). In the Postmenopausal Estrogen/Progestin Interventions (PEPI) trial,
women who were more physically active at baseline gained less weight
(Espeland et al., 1997). In the Healthy Women's Study (Wing et al., 1991),
women who decreased their physical activity by at least 300 kcal per week
over 3 years gained 2.4 kg (5.28 Ib), compared with a gain of only 1.58 kg
(3.48 Ib) in women who increased their activity by at least 300 kcal per week
(P<0.05). Women whose physical activity remained unchanged over the 3

years gained, on average, 2.75 kg (6 Ib) (Wing et al., 1991).

Decreased physical activity is not only strongly related to weight gain
but is also related to the loss of fat-free mass and increased body fat
observed in postmenopausal women (Heymsfield et al., 1994). Moreover,
evidence suggests that regular exercise in postmenopausal older women can
attenuate the accumulation of adipose tissue in the upper and central body
regions (Kohrt et al., 1992).
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The result of uterus weight in this experiment show that bilateral
ovariectomy decreased uterus weight in ovariectomized groups and did not
increase when supplementation of genistein. It showed that genistein did not

have effect on reproductive system.

Genistein’s effects appear to be tissue-specific, with estrogen agonist
effects on plasma lipid concentrations, plasma lipoprotein distributions
(Anthony et al., 1994; Balmir et al., 1995) that are similar in magnitude to
mamalian estrogens, but without estrogenic effects such as endometrial

proliferation on the uterus at these same doses.

In 1996, Anthony et al. reported that the phytoestrogens had no
adverse effects on the reproductive systems of nither the males nor females,
as evaluated by reproductive hormone concentrations and organ weights at
necropsy. Thus, the isoflavones in soy protein improve cardiovascular
disease risk factors without apparent deleterious effects on the reproductive

system of peripubertal rhesus monkeys.

Study of coronary-arteriolar responses

Endothelium-dependent relaxation

Our study demonstrated that the ovariectomized rats exhibited the
endothelial dysfunction which were characterized by decreased vasodilation

responses to acethycholine, but unchanged response to sodium nitroprusside.
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This data suggested that ovariectomized rats show a marked impairment in
the L-arginine/NO pathway characterized by blunting production of

endothelial NO on 10 weeks after ovariectomy significantly.

Interestingly, the result of this experiment showed that
supplementation of genistein 4 and 10 week in ovariectomize group
enhanced the response of vasodilation of arteriolar to acethycholine and

significant in 10 weeks supplementation of genistein.

In 1980, Furchgott and Zawadzki showed that the presence or absence
of an intact endotheoium determined the response of the underlying smooth
muscle to acetylcholine. In the presence of the endothelium, a precontracted
blood vessel ring in an organ bath relaxed when exposed to acetylcholine.
Conversely, when the endothelium was denuded by gently rubbing the
vessel, there was a contractile response to acetylcholine. When rubbing the
adventitial surface did not reproduce this phenomenon, they suggested that it
was due to a substance they called endothelium-derived relaxation factor
(EDRF) or nitric oxide (NO) (Furchgott and Zawadzki, 1980). From the
studies by using light/dye treatment, resulting in selective impairment of the
endothelium . without affecting -~ vascular- smooth-— muscle reactivity,
demonstrated that arteriolar dilation to acetycholine .is. endothelium-
dependent and is mediated exclusively via endothelial factor (Koller et al.,
1989a; 1989 b). The action of EDRF on blood vessels has been
demonstrated to be mediated by the stimulation of guanylate cyclase, leading
to elevated levels of cyclic GMP in vascular smooth muscle which initiates

the process of relaxation (Rapoport and Murad, 1983).
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Honor et al (1997) reported that genistein enhanced the dilator
response to acethycholine of the atherosclerotic arteries in female monkeys.
Nevala et al (1998) suggested that the isoflavones enhanced the dilator
response to acethycholine in the atherosclerotic arteries. In 1999, Squadrito
et al. had showed that an injection of genistein supplementation for 4 weeks

could improve endothelium-dependent relaxation in the ovariectomized rats.

However, in vitro studies showed that neither the removal of
endothelium nor the inhibition of nitric oxide synthesis had any effect on the
genistein-induced relaxation responses (Nevala et al., 1998). This would
suggested that perhaps there is a genomic and non-genomic effect the

genistein similar to the genomic and non-genomic effect of estrogen.

Because of the traditional estrogen-signaling pathway involving
nuclear interaction takes minutes to hours to increase the protein synthesis
by the transcriptional activation. Estrogens have other effects that cannot be
explained by a transcriptional mechanism because of their rapid onset.
These effects are the result of direct estrogenic action on cell membranes
and are mediated by the cell-surface forms of the estrogen receptor.
Although these receptors remain largely uncharacterized, they are thought to
resemble their intracellular counterparts (Watson et al., 1999). Example of
the effect mediated ' by “this alternative pathway are the short-term

vasodilation of the coronary arteries (Kim et al., 1999).

There is a direct link between the estrogen cell-surface receptors and

the mitogen-activated protein kinase signaling cascade (Kato et al., 1995).
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Coupling of the bound membrane estrogen receptor to the mitogen activated

protein kinase pathway has been demonstrated in the endothelial cells.

Estogens receptors have been detected in the smooth-muscle cells of
the coronary arteries (Karas et al., 1994) and endothelial cells in various
sites(Venkov et al., 1996). Estrogens cause short-term vasodilation by
increasing the formation and release of nitric oxide and prostacyclin in the
endothelial cells(67). They also reduce vascular smooth-muscle tone by
opening the specific caleium channels through a mechanism that is

dependent on cyclic guanosine monophosphate.

From our study, it showed that genistein supplementation could
improve endothelial dysfunction observed in the ovariectomized rats by
increasing the activity of endothelial NO synthase. The phytoestrogen was
able to restore the endothelium response likely through and increased
production of the basal endothelial NO release. From a mechanistic point of
view it can be proposed that genistein increased the activity of the
endothelial NO synthase: indeed lung homogenates prepared from
phytoestrogen-supplemented ovariectomized rats showed an increased

activity of this enzyme isoform-(Squadrito et-al.; 1999).

Genistein behaves as a tyrosine kinase inhibitor at higher doses up to
1 mg/kg bw (Akyama et al., 1987) while at lower doses 0.2 mg/kg Bw
(Squadrito et al., 1999) as the dose used in the present study, it exerts
estrogenic activity (Akyama et al., 1987). The lower doses may be easily
reached from a nutritionally-based treatment since the concentration of

genistein in most soy food ranges from 1-2 mg/g protein.
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Genistein has been shown to mimic many of the biological activities
of 17p-estradiol. The research findings of Barnes et al. (1990), Setchell et
al. (1984) and other investigators (Makela et al., 1994) have suggested that
genistein acts via estrogen receptor and exhibits the estrogenic properties in
some tissue (Martin et al., 1978). The protective effects of estrogen
supplementation on the cardiovascular apparatus may be mediated by
preventing the endothelial cell to become dysfunction. Endothelial
dysfunction has been well characterized by decreasing in NO production
NO release is reduced in cardiovascular disease such as hypertension and
atherosclerosis (Luscher and Dbey, 1994). NO has been documented widely
for its important actions such as vasodilatior (Furchgott and Zawadzki, 1980;
Ignarro et al., 1987), the inhibition of platelet adhesion and aggregation
(Mellion et al., 1981) and the inhibition of smooth muscle cell proliferation
and migration (Dubey, 1994).

Endothelium-independent relaxation

In our study, the endothelium-independent response was investigated
by analyzing the relaxant effect of sodium nitroprusside. Because of sodium

nitroprusside - which -causes relaxationin a vessel ' via ‘endothelium-
independent pathway directly on smooth muscle cell by the activation of
guanylate cyclase.This activation lead to increasing the rate of formation of
cyclic GMP in the vascular smooth muscle cells which initiates the process
of relaxation (Rapoport and Murad, 1983). From the study by using

light/dye treatment, resulting in the selective impairment of the endothelium
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without affecting vascular smooth muscle reactivety, demonstrated that the
arteriolar dilation to sodium nitroprusside was not altered by this treatment
(Koller et al., 1989a).This result indicated that arteriolar dilation to sodium

nitroprusside is endothelium-independent.

In our result, the coronary arteriolar dilation caused by sodium
nitroprusside was not impaired in the ovariectomized rats. The result of this
study suggested that the vascular smooth muscle cells in the ovariectomized
groups were not impaired by bilateral ovariectomy and did not altered by the

treatment.

Lipid profiles

During 1960 to 1993, several studies on the hypocholesterolemic
effects of soy protein in both humans and animal model, had been
performed.  However, the American Heart Association (AHA) had
concluded that soy protein could lower serum cholesterol only in animals but
not humans (Chait et al., 1993). Formal recognition of the cholesterol-
lowering properties-of soy protein, however,-has come one year earlier, in
1999, the U.S.Food and Drug Adiministration (FDA) approved a health
claim for the cholesterol-lowering effects of soy protein. They have set 25
g/day ~as the target goal for cholesterol reduction (Food and Drug
Administration, 1999). However, some of the studies and limited clinical
research suggests fewer than 25 g soy protein was needed for cholesterol
reduction (Nagata et al., 1998; Ho et al., 2000; Tonstad et al., 2002; Teixeira



76

et al., 2000). It is clear that the effects of soy protein are most pronounced in

those with elevated serum cholesterol (Anderson et al., 1995).

In rats, no difference was reported in total cholesterol levels between
2 and 12 months of age but a significant increase in total cholesterol was
observed at the age of 24 months (Lacko and Davis, 1979). Which is in
accordance with Aguila et al (2002). It is important to note that there is a
general similarity between the cardiovascular system of rats and that of other
mammals, man inclusive (Campbell et al., 1986). Despite the difficulty in
producing hyperlipidemia and atherosclerosis in rats, special diets may
induce an increase in the serum levels of cholesterol, and also induce arterial
hypertension (Gill et al., 1989).

Phytoestrogens have been reported for their good effects on lipid
profiles. Soy protein inhibits atherosclerosis in animals. This effect seems
to be mediated in large part by effects on plasma lipoprotein concentrations,
that is, by reducing LDL-C by about 13%, lowering plasma triglycerides by
about 10%, and possibly increasing HDL-C by 2% (Anderson et al., 1995).
These beneficial effects of soy protein on plasma lipoprotein concentrations
culminated recently-in the U.S.Food and Drug Administration’s approval of
a health claim that 25 g of soy protein a day, as part of a diet low in saturated

fat and choesterol, may reduce the'risk of heart disease.

From the results of our study, the plasma levels of total cholesterol,
triglyceride, HDL-C and LDL-C were unchanged in ovariectomized rats.
Thus it suggested that the present model, 4 and 10 weeks of estrogen

dificiency, caused a selective impairment in the L-arginine /NO pathway
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(endothelial dysfunction) without any correlation with the alteration of lipid
profile that previous study by Squatridro (1999). It suggested that the time
period of endothelial dysfunction did not correlate with changing of lipid
profiles. And our study showed that endothelial dysfunction occurred before
lipid profiles changing in case that did not fed with hypercholesterolemic
food.

Therefore, from our findings, it might be further implied that the
cardioprotective effect of estrogen, as well as phytoestrogens, is actually
direct on endothelial function not by its indirect effect on lipid profiles.
Therefore in the following, the effects on endothelial function would be

continued discussion.
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CHAPTER VI

CONCLUSION

This study investigated the effects of genistein on plasma lipid
profiles and coronary vasodilation in ovariectomized rats. The overall

results of this investigation indicated that:

1.The injection of genistein could attenuate the impairment of
endothelium-dependent relaxation and preventing the impairment in

endothelium dependent relaxation of ovariectomized rats.

2.The lipid profiles in this study did not change in both groups of 4
and 10 weeks. At this moment, therefore, it implied that the endothelial
dysfunction did not primarily cause by the lipid profiles changing in the

ovariectomized rats..

3.Bilateral ovariectomy and the treatment with genistein did not alter

the cardiac functions including HR and MAP in both 4 and 10 weeks groups.

4.The impairment of endothelial functions in the ovariectomized rats
could be prevented by daily ' injection of 0.2 mg/kg body weight of

genistein.

These effect of genistein on menopause model in this study indicated

that genistein might be the great benefit to postmenopasaul women in
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prevent of endothelial dysfunction. However, the suitable dose and its

mechamism of action need to be confirmed in the furture.
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