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CHAPTER I

I TRODUCTION

The deaths caused by coronary heart disease (CHD) have increased in th Unit d

States as the percentage of individuals over 65 years of age ha risen (Center for

Disease Control, 2002). Additionally, the economic inlpact of CHD i a big concern.

The American Heart Association (AHA) estinlates that the total co t of the di eas

cun~ently is about $286.5 billion (AHA, 2002).

The age specific lisk of CHD is lower in women than in men. The CHD mOltality

fisk in women is approximately equal to that of men 10 years younger (Bu h 1996).

However as women age they seem to lose their cardia-protection and thi los 1S

attributed to the lowered levels of circulating estrogens that occurs following

menopause (Senoz et aI., 1996). The lowered levels of estrogen result in altered lipid

metabolism as well as other physiological changes causing an increase in CHD risk

(Pasquali et aI., 1999).

Initially it was thought that the use of hormone replacement therapy (HRT) by

postmenopausal women could prevent or at least minimize these changes. A meta­

analysis by Anderson et a1. (1995) showed that HRT was associated with a reduction in

CHD tisk by 35% to 50% in postmenopausal women. However the results of these

studies were based on the intetmediate markers that indicated beneficial effects. The

recent findings from the secondary prevention trials and observational studies using

HRT showed an increase risk of CHD in the first year of hormone use (Fletcher &

Colditz, 2002). Additionally HRT is seen to be associated with an increased risk of

1



breast endometrial and uterine cancers (Teede 200...). In some om n HRT m y c u

the resumption of menses tenderness of breast and abdominal blo tint:> Sulli an

Fowlkes, 1996).

These side effects caused by HRT raise the need to find safer It rn ti th r pies

that will reduce the risk of CHD without any harmful sid effects. Phyto stro n ar

diphenolic compounds that are found in a wide variety of plant food and hay

reported to exert estrogenic effects in the absenc of endog nOli e tr en.

Phytoestrogens and their metabolites exert their estrogenic effects by binding to

estrogen receptors (Wade and Zucker, 1970). There ar three main cIa e of

phytoestrogens namely isoflavones, lignans and coumestan . Soy and f]axse d are rich

in isoflavones and lignans, respectively (Murky et a1. 1998). The main sources of

dietary coumestans are broccoli, peas and beans (Boker et aI., 2002).

Epidemiological data shows that higher intake of soy containing foods is

associated with a lower risk of coronary heart disease (Lissin & Cooke, 2000). Terpstra

et aI., (1991) showed that consumption of soy protein exhibited hypocholesterolemic

effects when compared to casein in hypercholesterolemic male hamsters. Soy is a rich

source of the phytoestrogens, isoflavones mainly genistin and diadzin. A meta-analysis

has indicated that isoflavones lower cholesterol in people with hyperlipidemia

(Tikkanen & Adlercreutz, 2000). However, the effective dose and the chole teroI

lowering mechanisms of soy isoflavones have not been fully elucidated.

To elucidate the hypocholesterolemic mechanisms of soy isoflavone the

selection of an appropriate animal model is important. The lipoprotein profiles of the

hamster more closely resemble that of humans than that of rats and mice (Foxall et a1.,
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a t t d u ing th

1992). Sohn et al. (1999) sho ed that the 0 ari tomized ham t r i bett r mod I to

study the patteIll of lipid changes exhibited b p stmenopausal am n. Th r for

ovariectomized hamster model was used in this study to test the f Uo ing hypothesi .

The hypothesis of this study was that soy isoflavones ilT p cti of prot in

source dose-dependently impro e plasma lipid profiles in an a ariectomiz d haITI t r

model of postmenopausal hyperchole terolemia. This hypothesi

following specific aims:

Specific aim 1: To confirm that ovariectomy alters the lipid profil e.g. Increa e total

cholesterol and free- cholesterol concentrations, and decreases high-density lipoprot in

cholesterol (HDL) in hamsters.

Specific aim 2: To study the dose-dependent effect of soy isoflavone on lipid profile

of ovariectomized hamsters.

Specific aim 3: To examine the cholesterol-lowering mechani ms of soy isoflavone In

ovariectomized hamster model of hypercholesterolemia by determining the in vitro

intestinal and hepatic rates of sterol synthesis and measuring the fecal bile acid

excretion.
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CHAPTER II

REVIEW OF LITERATURE

Coronary Heart Disease in Women

Coronary heart disease (CHD) is the number one cause of mortality for both men

and women in the United States (CDC, 2002). The number of new and recurrent coronary

attacks every year are over a million, of which 40% die (AHA, 2002). The total cost of

CHD has been estimated to be $286.5 billion, which includes the health care costs and

the loss of productivity due to premature mortality (AHA, 2002). Every year more than a

500,000 women, age 35 years and older, die from CHD (CDC, 2001). Menopause is

found to be a major risk factor for this increased lisk of CHD in women (Tsang et aI.,

1996). As life expectancy increases, the number of women who will live half their adult

lives after menopause will increase (WHO, 1996). The World Health Organization

(WHO) also estimates that by 2010, postmenopausal women will comprise about 10.5%

of the world's population. Therefore, it is clearly seen that the number of women who

will be suffering from CHD will also increase as our population ages.

Although heart disease manifests 10 years later in women than in men, CHD

mortality rates are virtually the same for both (Bush, 1996) and this ten-year lag time is

due to the cardia-protective effects of circulating estrogens. This gender difference in the

development of heart disease is also seen in other primates. Hamm and colleagues (1983)

showed that the male primates developed significantly more coronary artery stenosis in

comparison to their female counterparts, which was not due to the differences in lipid

levels between the sexes. They concluded that gender had an important role to play in the
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development of heart disease and male gender had a increased risk of developing CHD

(Hamm et aI., 1983).

This lowered risk of CHD between genders is seen only in only younger

(premenopausal) women. CHD incidence is increased in postmenopausal women and is

almost equal to the incidence of heart disease in men. A high correlation between CHD

and menopause was detected in the Framingham Study where 2873 women were

monitored for 24 years (Gordon et aI., 1977). This increased risk of CHD in

postmenopausal women may be due to genetic differences, absence of estrogens, or the

combination of various other factors (Tsang et aI., 1996). Therefore steps should be taken

to prevent or lower the incidence of CHD in this high-risk population.

Risk Factors for Coronary Heart Disease

The risk factors for CHD include obesity, cigarette smoking, sedentary life style,

and hyperlipidemia. Since the main emphasize of this thesis is to investigate the

relationship between dietary soy isoflavones and lipid metabolism, this topic will be

elaborated.

Hyperlipidemia

Hyperlipidemia is considered one of the major but reversible risk factor for CHD

affecting approximately 90 million Americans (AHA, 2002). Lipids are transported in the

blood in the form of lipoproteins and hyperlipidemia is characterized by an increase in

the levels of lipoproteins in plasma. Increased dietary fat, sedentary lifestyle and obesity
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are some of the factors that cause a raise in the plasma lipoproteins (NCEP, 2001). This

increase may also be caused by certain genetic defects. Lowering cholesterol levels,

namely total cholesterol (TC), low-density lipoproteins-cholesterol (LDL) and increasing

high-density lipoproteins-cholesterol (HDL) can reduce the prevalence of eHD (Kannel,

1987).

Lipoproteins and atherosclerosis

Lipoproteins are lipids that are combined with proteins to form water-soluble

lipoprotein complexes. The four major physiologically important groups of lipoproteins

are chylomicrons, very low density lipoproteins (VLDL), low density lipoproteins (LDL)

and high density lipoproteins (HDL). This classification of lipoproteins is based on their

separation properties upon ultracentifugation (Murray, 1993). Lipoproteins also differ in

their source, composition and physiological action.

Atherosclerosis

Atherosclerosis is the progressive narrowing and hardening of the arteries over

time. It involves the cellular infiltration of several cell types, including monocytes, T

lymphocytes, and perhaps even mast cells. Monocytes interact with the endothehallayer,

attach firmly to the endothelium, and migrate into the subendothelial space, where the

monocytes differentiate into macrophages. Macrophages release a variety of chemicals,

including cytokines, and also take up lipids, becoming foam cells. Macrophages and

foam cells secrete growth factors, which lead to cell proliferation and matrix production,

as well as metalloproteinases, which lead to matrix degeneration. Thus, macrophages and
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foam cells both contribute to lesion growth and may contribute to instability and

thrombotic events (Ross, 1999).

Low-Density Lipoprotein (LDL)

Increase in the LDL level greater than 3.36 mmollL is associated with an increase

In heart disease risk (The Expert Panel, 1993). The National Cholesterol Education

Program has suggested that the increase in the LDL level is the most preventable risk

factor that is associated with CHD (Sempos et aI., 1993).

LDL consists of a surface monolayer of phospholipids and free cholesterol and a

single molecule of apolipoprotein (apo) B, which encircles the lipoprotein. This surface

monolayer surrounds a hydrophobic core of mainly cholesteryl esters but also some

triglycerides. In itself, LDL is almost certainly not proinflammatory, but the particle can

become modified in many ways. It is the modified LDL particle that is proinflammatory

and proatherogenic

Of all of the plasma lipoproteins, LDL has been most investigated in terms of its

role in inflammation. LDL readily enters the arterial wall by crossing the endothelial

membrane. Once in the arterial wall, if LDL accumulates, it is subject to a variety of

modifications. The best known of these is oxidation, both of the lipids and of the apo B.

LDL is also subject to aggregation, and its phospholipids are subject to hydrolysis by

phospholipases to form lysophosphatidylcholine. Several other chemical modifications

have also been reported. The net effect of these changes is the production of a variety of

modified LDL particles, and the evidence is very strong that these modified LDL

particles are proinflammatory (Steinberg et aI, 1989).
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High-Density Lipoprotein (HDL)

HDL has the same essential structure as LDL, with a surface monolayer of

phospholipids and free cholesterol and a hydrophobic core consisting mainly of

cholesteryl esters but also some triglyceride. However, HDL particles are smaller and

contain different apolipoproteins, mainly apo A-I and apo A-II. Both these

apolipoproteins have properties that protect the lipids against oxidative modification.

Additionally, some of the other proteins transported by HDL have antioxidant properties.

Whereas LDL is very susceptible to oxidative modification, HDL is relatively resistant to

it, and this is one of the reasons underlying the anti-inflammatory properties of HDL

(Rye et aI., 1999).

Data from the Framingham Heart Study indicate that low HDL level IS an

independent risk factor for CHD. Even in individuals whose LDL levels were

approximately 100 mg/dL, low HDL remained a very strong risk factor, and individuals

with low HDL were still at considerably elevated risk (Gordan et aI., 1977). The National

Cholesterol Education Program Adult Treatment Panel III (ATP III) guidelines, issued in

2001, redefined low HDL as <40 mg/dL, increasing this cut point from the previous

value of 35 mg/dL. This change resulted in millions of additional people who now are

considered to have low HDL level (NCEP, 2001). Reduced HDL level is also seen to

increase the incidence of myocardial infarction (Abbot et aI., 2002). The Writing Group

for the postmenopausal estrogen/progestin interventions (PEPI) trial (1995) has reported

that HDL was a better predictor of CHD in women than LDL. Studies have also indicated
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that coronary risk is increased by 2-3% for every 1% reduction in HDL level in humans

(Zhang et aI., 2000).

HDL is believed to protect against atherosclerosis at least in part through the

process of reverse cholesterol transport, whereby excess free cholesterol (Fe) is removed

from cells in peripheral tissues, such as macrophages within the artelial wall, and

returned to the liver for excretion in the bile. Even small increases in HDL may confer

substantial benefit. Intervention to raise HDL levels should be considered in high-risk

individuals.

Efflux of cholesterol from foam cells leads to a reduction in foam cell formation,

although the macrophages may accumulate, they are not converted into foam cells. As a

result, the inflammatory process is arrested to a certain extent. Therefore, HDL is anti­

inflammatory and also protects against the development of atherosclerosis (Miyazaki et

aI., 1992). HDL has protective effects in addition to promoting cholesterol efflux. One of

the best known of these is the ability to inhibit the oxidation of LDL. To the extent that

LDL oxidation is an important step in the development of the inflammatory process, this

property of HDL is clearly anti-inflammatory (Mackness et aI., 1993)

Chylomicrons and Very-Low Density Lipoproteins (VLDL)

Chylomicrons are small lipid droplets, which contain cholesterol and triglycerides.

They are manufactured by the epithelial cells in the small intestine and function as a

transport vehicle from the gut. VLDL carries endogenous triglycerides secreted by the

liver. The metabolism of VLDL is similar to that of chylomicrons (Murray, 1993). VLDL

is also a circulating precursor of LDL.
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Lipoprotein lipase acts on the chylomicrons and VLDLs and removes the

triglyceride molecule resulting in remnant chylomicrons and VLDLs. The total amount of

cholesterol carried in these remnant molecules is about 30 times higher than in LDL

particles and it is thought that their deposition in the arterial wall is more harmful than

that occurring with LDL (Seman et aI., 1999)

VLDL remnants and chylomicron remnants behave in much the same way as LDL.

They enter the subendothelial space, where they become modified, and the modified

remnants stimulate MCP-l, promote the differentiation of monocytes into macrophages,

and are taken up by the macrophages to form foam cells. Like LDL, the remnant

lipoproteins are proinflammatory and proatherogenic (Doi et aI., 2000)

Lipoprotein (a) [Lp(a)]

Plasma levels of Lp(a) are usually predictive of atherosclerotic risk, and there is

increasing evidence that the Lp(a) particle is involved in atherosclerosis as well as in

thrombosis (Sandkemp et aI., 1990). Increased accumulation of Lp(a) in atherosclerotic

plaque has been seen in postmortem studies and in fresh human arterial wall tissue

(Reblin et aI., 1995).

Lp(a) contains a large protein molecule, Apo(a) which is attached to LDL-like

particle by a disulfide bond. The molecular weight of apo(a) can vary widely among

individuals, depending on the number of its repeats. Lp(a) is accumulated in the

atherosclerotic plaque and it is taken up by foam cell precursors leading to increased

production of foam cells (Sandkemp et aI., 1990). When oxidized Lp(a) particles are
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engulfed by macrophages, they are transformed into foam cells within the arterial wall

thus leading to the progression of atherosclerosis (Haijer et al.,1989).

Lp(a) is also seen to interfere with thrombolysis. Several in vitro studies have

shown that Lp(a) competes with plasminogen for binding sites on endothelial cell

surfaces (Ranby M,1982, Harpel et aI., 1989). Through these mechanisms Lp(a) is seen to

enhance the risks of atherosclerosis.

ApoA

Apolipoprotein A-I (apoA-I) alone or as part of HDL is considered to have

antiatherogenic properties (Harpel et aI., 1989). Apo A-I is the primary protein

constituent of HDL, defining its size and shape, solubilizing its lipid components,

removing cholesterol from peripheral cells, activating the lecithin cholesterol acyl

transferase (LeAT) enzyme, and delivering the resulting cholesterol esters to the 1iver

(Philips et aI., 1997). Lecithin:cholesterol acyltransferase is an extracellular enzyme that

is synthesized and secreted by the liver, circulates in the plasma, and acts on plasma HDL

and it also promotes non-enzymatic transfer of cholesteryl esters from HDL to VLDL and

LDL Thus apo A helps in clearing the cholesterol from circulation.

Some of the factors that are seen to increase the levels of apo A-I are exercise,

moderate alcohol consumption, female gender and sex steroids like estrogen (Hargrove at

aI., 1999). The results of a clinical trial show that estrogen increases the concentrations of

apo A by increasing the synthesis of the protein and by suppressing the activity of hepatic

triglyceride lipase enzyme (Quintao et aI., 1991). This explains another cardio protective

role of estrogen.
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ApoB
Apolipoprotein (apo) B is a single molecule that encircles the LDL surface.

Increased triglyceride levels stimulate the assembly and secretion of apolipoprotein (apo)

Band VLDL. The result is an increased number of VLDL particles and increased level of

triglycerides in the plasma, which lead to the increased risk of atherosclerosis (Murphy et

aI., 2000). Apo B also promotes cholesterol accumulation in the arterial tissue through

being modified by oxidation and specific binding to extracellular matrix proteoglycans

(Sakata et aI., 2001).

The results of the Quebec study showed that CHD risk was highest in men with

elevations in apo B (Lamarche et aI., 1999). In another analysis of the Quebec

Cardiovascular Study in which men were stratified by apo B levels and LDL particle size,

high apo B concentration was associated with increased riskof CHD, and the cumulative

effect of high apo B and small, dense LDL was associated with a marked increase in

CHD risk. The study concluded that if apo B is reduced to less than 120 mgldL, the LDL

particle size no longer has an effect, because lower apoB levels to linked with lower

LDL oxidation. Thus high levels of apo B are considered as a predictor of CHD.

Triglycerides

Elevated triglyceride levels represent an independent risk factor for coronary heart

disease. The National Cholesterol Education Program revised the acceptable level of

fasting triglycerides from less than 200 mg/dL to below 150 mgldL (Miller et aI., 2002).

Numerous factors suggest that increased serum triglyceride levels are associated with
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increased atherosis risk. Hypertriglyceridemia leads to the accumulation of chlyomicron

and VLDL remnants that are atherogenic. Increase in triglycerides also leads to the

generation of small and dense LDLs and causes the lowering of HDL.

Hypertriglyceridemia is also associated with increased coagulability and decreased

fibrinolysis, as it causes an increase in the levels of plasminogen activator inhibitor and

thereby activating of clot formation.

Thus these risk factors and their mechanisms that are associated with

hyperlipidemia lead to the development of atheroaclerosis and our goal should be to

lower the levels of biomarkers that may increase the risk of atherosclerosis and increase

the biomarkers that prevent the disease.

Diet

Diet plays an important role in primary and secondary CHD prevention (Wasling,

1999). Reducing fat and cholesterol intake has been the main focus of the National

Guidelines in the prevention of CHD risk. Replacing saturated with unsaturated fat has

been shown to be more effective in lowering heart disease than merely reducing total fat

intake (Hu et aI., 2001). Studies that have examined dietary intervention have found that

restricting saturated fat and increasing the intake of essential fatty acids, especially

omega - 3 fatty acids, reduces CHD risk (Schaefer, 2002).

Along with the modifications in fat intake, higher intake of cereals, vegetables,

legumes and fruits, fish, cheese and yogurt as dairy products, rapeseed and olive oils as

edible fats have been shown to decrease the incidence of CHD (Renaud and Lanzmann­

Petithory, 2001).
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In addition to these risks women are seen to suffer from an increased risk of heart

disease caused by ovarian hormone deficiency following menopause.

Menopause and Coronary Heart Disease

A high correlation between CHD and menopause was detected in the Framingham

Study where 2873 women were monitored for 24 years (Gordon et aI., 1977). Menopause

marks the end of a woman's reproductive cycle. It is characterized by an acute change in

hormonal balance. Menopause results in the pennanent cessation of ovarian function, this

typically occurs around the age of 51 years (McKinlay et aI., 1992). The relationship

between menopause and heart disease is very complex, it is influenced by many factors,

including changes in glucose tolerance, body weight, blood pressure, and most

importantly changes in lipid profiles (Bonithon et aI., 1990). Thus, the health needs of

postmenopausal women are different from those of younger women or men of the same

age group.

The changes in lipid profiles that occur after menopause may be an important

factor in determining the development of CHD (Jenner et a1., 1993). Kannel et aI., (1987)

in the Framingham study, clearly showed that there was an increase in TC and LDL after

menopause. A slight decrease in HDL level was also seen (Kannel et aI., 1987). High

levels of circulating LDL lead to an increase in the formation of the atherosclerotic

plaque (Pearson, 2002).

Wakatsuki et a1. (1995) determined that the rise in LDL following menopause is

due to the increased activity of an enzyme, lipoprotein lipase caused by estrogen

deficiency. Additionally, the impairment of LDL receptors that occurs after menopause
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results in hypercholesterolemia (Area et aI., 1994). The atherogenic potential of LDL

depends on their size and density. The smaller and denser particles cause a greater risk

for atherosclerosis (Lamarche et aI., 1999). The size and density of LDL particles

decrease after menopause. The cumulative effects of increase in LDL levels and

reduction in size and density of LDL fractions add to the risk of atherosclerosis in

postmenopausal women (Ikenoue et aI., 1999).

Lp(a) levels in circulation are closely related to the circulating levels of female

hormones (Genest et aI., 1992). The levels of Lp(a) are seen to be increased in

postmenopausal women when compared to premenopausal women (Brown et ai., 1993)

and high levels of Lp(a) cause an increase in clot formation, oxidation of LDL and

deposition of cholesterol in arterial walls leading, to premature myocardial infarctions

(Seman et aI., 1999).

Earlier studies have shown that the increase in CHD risk, caused by low levels of

circulating female sex hormones can be prevented by administering exogenous estrogens.

Alexandersen et aI., (2001), showed that increase in aortic cholesterol concentrations

caused by ovariectomy in rabbits, was lowered by administeling estrogens. 17B estradiol

improved the lipid profiles of ovariectomized cynomolgus monkeys (Greaves et aI.,

2000). However estrogen by itself when given to women is seen to increase the incidence

of ovarian cancer.

Estrogen in combination with progestins gIven to postmenopausal women is

referred to as hormone replacement therapy (HRT). But recent findings from two clinical

trials have disproved the cardia-protective effects of HRT (Grady et aI., 2002, Hulley et

aI., 2002).
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Hormone Replacement Therapy and Heart Disease

In the early 1960's it was shown that women with premature ovariectomy were at

an increased risk of developing CHD (Sznajderman & Oliver, 1963). Previous

observational studies have shown that women who use HRT have a 30 to 50% reduction

in mortality rate when compared to those who do not (Greendale et aI., 1999). HRT is

prescribed for the alleviation of the symptoms of menopause like hot flashes, urogenital

atrophy and osteoporosis (Jones, 1980). Estrogen is believed to improve lipid profiles and

lower the risk of CHD.

Estrogen and Lipid Metabolism

Earlier HRT has been shown to improve lipid profiles by decreasing TC, LDL and

increasing HDL levels (Barnet-Conor & Bush, 1991). Estrogens have a beneficial effect

on cholesterol metabolism and deposition, which prevents the formation of atheroclerotic

plaque (SaITel, 1990). Estrogen stimulates the synthesis of LDL receptors in the liver thus

lowering the concentration LDL in the plasma. The level of HDL in the plasma is

increased by decreased hepatic triglyceride lipase activity (Wakatsuki et aI., 1998). HRT

also inhibits plaque formation by reducing fibrinogen (Rosenberg 1993). Sanada and co­

workers (2000) found that HRT reduces the levels of atherogenic remnant lipoprotein

cholesterol, which are increased after menopause.

Estrogen is also seen to prevent LDL oxidation, as oxidized LDL particles are

more atherogenic than unoxidized LDL. Estrogens may act in a similar fashion like

vitamin E and help in scavenging lipid peroxyl radicals that cause lipid peroxidation,

thus help prevent atherosclerosis (Subbaiah et aI., 1993). Another mechanism by which
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randomized controlled trial (WID) by the writing group for the women's health initiative

investigators (2002) clearly showed the harmful effects of HRT.

The HERS II trial investigated the cardia-protective effects of HRT regimen in

older women with an average age of 71 years with pre-existing CHD. The investigators

concluded that postmenopausal hormone replacement therapy should not be used to

reduce the risk of CHD events in women with CHD (Hulley et aI., 2002, Grady et aI.,

2002)

The WID trial looked at the cardia-protective effects of HRT on healthy women

(aged 50-79 years). At about five years after the follow up, the trial was terminated

earlier than planned as the breast cancer risk in women using HRT increased and

outweighed the benefits. The conclusion of the study was that HRT regimen should not

be initiated or continued for the primary prevention of CHD (Writing group for the

women's health initiative investigators, 2002).

For every year of use of HRT there is an increase in relative risk of breast cancer

(Lobo et aI., 1995). There is an increased risk of occurrence of breast cancer with

prolonged use of HRT, however short-term use may not increase the risk. This may be

due to the changes in the composition of breast tissue that is associated with prolonged

hormone use.

Other harmful side effects of HRT include vaginal bleeding, somatic discomforts

like breast tenderness, thrombosis, allergic manifestations (Harlap, 1992).

The whole purpose of HRT in healthy women is to preserve health and prevent

disease. But the results of the earlier mentioned clinical trials showed other wise. Even if
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the absolute risk is low it can affect substantial number of women (Fletcher & Colditz,

2002).

All these factors suggest that women must be provided with alternative therapies

to address the major issues related to menopause namely, reducing the risk of developing

cardiovascular disease, osteoporosis and other health problems that increase as women

age (Kass & Annese 2000).

Therefore, there is a need for studies to develop therapies that can prevent the

incidence of CHD without any harmful effects. Epidemiological data suggest that the

incidence of heart disease is lower in Asian population and is attributed to high

phytoestrogen consumption (Messina et aI., 1994). Phytoestrogens, a class of compounds

that are known to exhibit estrogen-like properties, have been extensively studied to

provide a solution to alleviate the problems faced by postmenopausal women.

Plant Estrogen-Like Compounds (Phytoestrogens)

As the name suggests phytoestrogens are plant estrogen-like compounds that may

have beneficial effects on the cardiovascular system and may help in alleviating some of

the symptoms that are attributed to menopause such as osteoporosis and breast cancer

(Wroblewski & Cooke 2000).

Phytoestrogens were discovered in the 1940's. Isoflavones, Iignans and

coumestans are the major types of phytoestrogens. Common and significant source of

isoflavones are soybeans. Cereals and oilseeds like flaxseed are rich sources of lignans.

~roccoli and alfalfa sprouts are good sources of dietary coumestans. Phytoestrogens are
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heterocyclic compounds that have structural similarities to estrogenic steroids (Murky et

a1., 1998).

Plant isoflavones and lignans are converted to heterocyclic phenols in the human

gut and these compounds are similar in structure to estrogen and they exhibit weak

estrogenic properties (Murkey et a1., 1998). Phytoestrogens have varying effects on

different tissues and various types of phytoestrogens have varying affinities to estrogen

receptors (Anderson et a1., 1995).

Phytoestrogens have shown both estrogenic and anti-estrogenic properties. They

are estrogenic because they have a tendency to bind to estrogen receptors (Wang et a1.,

1996). They are anti estrogenic because, unlike estrogen they inhibit the activity of

aromatase and the proliferation of the breast cells (Lee et aI., 1987). The cloning and

description of estrogen receptor ~ (ER-~) has helped to better understand the effects of

closely related estrogenic substances. Phytoestrogens may also act as anti-oxidants. This

conclusion is based on the oxidative resistance of the LDL obtained from participants

consuming high levels of phytoestrogens (Tikkannen et a1., 1998).

The incidence of chronic diseases like cardiovascular disease, cancer and stroke is

much less in countries consuming high amounts of soy when compared with countries

that do not traditionally consume soy (Messina et aI., 1994). Japanese women are found

to have significantly lower rates of deaths due to cardiovascular disease and cancers

(Boring et aI., 1995). Of the foods consumed by humans, the level of isoflavones is the

highest in soybeans.

20



Soy Isoflavones

As mentioned earlier, soy is the richest source of isoflavones. Genistin, daidzin

and glycetin are the three major isoflavones that present in soy. One gram of soy contains

about 1-3 mg of diadzin, genistin, glycetin and their corresponding glucosides (Barnes &

Messina, 1991). Genistein and diadzein comprise the major portion of isoflavones in soy

and they have been shown to bind to estrogen receptors, a property explained by their

structural similarity with estrogens (Verdeal et aI., 1980). The finding by Kuiper et al.

(1998) showed that the binding affinity of genistein to ER-~ was about 20 tin1es greater

than ER-a. ER-~ is expressed in non-reproductive tissue, such as bone and the vascular

system (Enmark & Gustafsson, 1998). This may explain some of the cardia-protective

effects of soy.

Structures of Three Major Soy Isoflavones
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A number of studies have been conducted to investigate the cardia protective

effects of soy in the context of its protein and its isoflavone content. The exact

mechanism of the hypocholesterolemic effect of soy remains elusive and is multi­

factorial. One proposed mechanism is that soy may increase the fecal bile acid excretion

and alter the rate of bile acid synthesis, thereby maintaining cholesterol homeostasis.

Duane (1997) has shown that soy increased the hepatic cholesterol secretion.

Arjrnandi et aI., (1997) conducted a randomized study using 72 female rats. The

animals were divided into six groups of 12 rats each and placed under different treatment

diets: sham-operated + control, ovarectomized (ovx) + control, ovx + soy with

isoflavones (soy), ovx + isoflavones depleted soy protein (soy-), and ovx + E2 (17P­

estradiol). The results of this study showed that the serum total cholesterol concentrations

were significantly higher in ovx control animals in comparison with sham. This

ovarictomy-induced hypercholesterolemia was reduced by soy, and E2 treatments. These

findings show us that soy, similar to estrogen can reduce the postmenopausal rise in

serum cholesterol.

Anthony et.a1., (1996) showed that in male rhesus monkeys, soy protein with

isoflavones lowered TC and LDL and increased HDL, whereas neither casein and

lactalbumin mixture nor an alcohol extracted soy protein with low isoflavones lowered

affected the lipid profiles. Anthony (2000) reported that soy protein, isoflavones or both

are seen to exert beneficial effects on blood pressure, vascular and endothelial function,

aggregation and serotonin, LDL oxidation, smooth muscle cell proliferation and

migration and inhibit atherogenesis.
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However, there are some studies that do not support these findings and they have

shown that soy protein does not have any beneficial effects on hypercholesterolemia

(Gooderham et aI, 1996). In the study investigating atherosclerosis in cynomolgus

monkeys, Anthony et aI., (1996) found less coronary artery consuming soy protein with

isoflavones(+) compared to soy protein with trace amounts of isoflavones(-) or with

casein. The discrepancies in the findings of the studies may have been due to the

isoflavone content of the soy protein used or the study design. Potter et aI., (1998)

suggested that isoflavones present in soy may have an independent effect on plasma lipid

profiles.

Isoflavones are conjugated substances, when hydrolysed by B-glucosidases in the

jejunum, release bioactive aglycones, daidzein and genistein. These aglycones have show

affinity for estrogen receptors and have other non-hormonal effects on the cellular

mechanisms (Setchell et aI., 1997).

Beneficial Effects of Soy Isoflavones

A linear relationship is seen between the isoflavone content of soy and cholesterol

reduction. In a study by Crouse et al. (1999) it was seen that the hypocholesterolenlic

effect of soy was lost when the isoflavones were removed from the soy protein by alcohol

extraction.

Anti-thrombotic Effects of Soy Isoflavones

Platelet aggregation plays a major role In the progression of cardiovascular

disease. Soy isoflavones are found to reduce platelet aggregation induced by seratonin
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and thrombin in animals (Williams & Clarkson, 1998). The positive results using the free

form isoflavones have so far have not been reproduced in humans consuming average

amounts of soy protein. Studies are currently being done to further examine soy's effect

on platelet aggregation.

Of all the soy isoflavones, the cardio protective effects of genistein have been

investigated the most. In vitro, studies have shown that genistein, can alter specific

cellular processes in the coagulation system associated with the development of

atherosclerotic plaque (Raines & Ross, 1995). As discussed earlier one of the essential

steps in the atherosclerotic process is the adherence of platelets to foam cells and the

subsequent increase in growth factors released from platelets. The up-regulation of

growth factors appears to be an integral step in the development of atherosclerotic plaque

(Kanazaw et aI., 1995). Genistein has been shown to prevent the development of

atherosclerosis by: 1) interfering with the activation and accumulation of platelets; 2)

reducing the production of platelet-derived growth factors, which are believed to play an

important part in the proliferation of smooth muscle cells in the atherosclerotic plaque;

and 3) inhibiting the action of thrombin, an enzyme that converts fibrinogen into fibrin to

form a blood clot (Wilcox & Blumenthal 1995). Studies are now being done to evaluate

the ant- thrombotic effects of isoflavones on humans.

Genistein may also inhibit atherosclerosis is by inhibiting the migration

and proliferation of the smooth muscle cells that are important in the promotion and the

progression of plaque formation (Schonherr, 1997).
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Antioxidant Effects of Soy Isoflavones

In-vitro studies suggest that genistein and daidzein inhibit LDL oxidation in a

manner similar to that of vitamin E (Hodgson et aI., 1996). Feeding isoflavone-lich soy

protein is seen to inhibit oxidation of LDL isolated from rats (Anderson et aI., 2002). In

an a clinical trial it was seen that LDL oxidation was also suppressed when a soy

isoflavone rich beverage was administered to both healthy subjects and patients who had

suffered a stroke (Kanazawa et aI., 1995)

Favorable Blood Vessel Effects of Soy Isoflavones

The results of a study done by Honore et aI., (1997) indicate that isoflavones like

estrogens promote vasodilation. In this study using matched soy diets, one rich in

isoflavone and one with low levels, investigators examined coronary vascular reactivity

on atherosclerotic monkeys. The high isoflavone diet resulted in less constriction in

males, and vasodilation in female monkeys. An intravenous administration of genistein

caused dilation in the previously constricted arteries of the females fed the low isoflavone

diet. Another study by Nestel et aI., (1997) showed similar results in women who were

post-menopausal or experiencing menopause. The results of this study showed that when

compared to a placebo, daily administration of a pure isoflavone preparation for five to

10 weeks improved arterial elasticity by 26 percent. Arterial compliance was improved to

about the same extent as is achieved with conventional hormone replacement therapy.

These studies suggest another beneficial effect of isoflavone on the circulatory system

and prevent the incidence of atherosclerosis.

All the three soy isoflavones namely genistein, daidzein and glycetein inhibit the

proliferation of smooth muscle cells by inhibiting DNA synthesis in the smooth muscle
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cell. Genistein acts as a protein tyrosine kinase inhibitor that prevents the cell migration

into the intima of the artery (Pan et aI., 2001). Another mechanism by which isoflavones

exert a cardio protective is by up regulating LDL-receptor activity (Kirk et aI., 1998).

By looking at the pharmacokinetics of soy isoflavones it is seen that maintaining

high steady state of plasma concentrations can be maintained only by the daily intake of

phytoestrogens throughout the day (Setchell, 2000).

The consumption of 34 -165 mg/d of isoflavones In foods like isolated soy

protein, soy flour and other foods that contain soy showed an increase in sex hOlmone

binding globulin (Duncan et aI., 1999) and decreased the occurrence and the severity of

hot flashes and vaginal dryness (Baird et aI., 1995). In October 1999, FDA approved a

health claim that can be used on labels of soy-based foods to advertise their heart-healthy

benefits. The agency reviewed research from 27 studies that showed soy protein's value

in lowering levels of TC and LDL or the "bad" cholesterol. The claim states that "Diets

low in saturated fat and cholesterol that include 25 grams of soy protein a day may reduce

the risk of heart disease".

These studies suggest that soy isoflavones may play an important role in lowering

cholesterol. However the optimal dose of isoflavone and the exact mechanism of

cholesterol lowering action need to be elucidated. This study was designed to examine

the dose-dependent effect of soy isoflavones on ovariectomy-induced

hypercholesterolemia and to elucidate the mechanism of action.
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Hamster as a model for hypercholesterolemia

Pig is an acceptable model for studying hypercholesterolemia and atherosclerosis

as they are similar to humans in this aspect. (Van Tol et aI.,1991). Pigs develop

hyperlipidemia and atherosclerosis when fed high fat diets like humans (Beakey et aI.,

1988). However pigs are difficult to handle and are expensive and this raises the need for

least expensive and are easy to handle animals used in scientific research and the

selection of the appropriate model is important.

Rats are not considered as a good model to study the cholesterol metabolism and

atherosclerosis because their lipid profiles are quite different from humans. Rats carry a

major portion of their plasma cholesterol as HDL and they are resistant to the

development of plaque (Shefer et aI., 1992).

Rabbits are seen to develop aortic lesions in response to a high fat diet. Although

rabbit has been used as model of human atherosclerosis, it is not the best model as they

carry most of the cholesterol in the VLDL fraction unlike humans (Badimon et al., 1990).

Hamsters are considered good model for studying hypercholesterolemia because

of various reasons. The LDL/ HDL ration in the hamsters is increased with an increase in

the total cholesterol concentration. This pattern is similar to that seen in humans.

Additionally, serum triglycerides are increased in hamsters fed a high fat. Hamsters,

when fed high fat diet develop atherosclerosis (Otto et aI., 1995). Hamsters are easy to

handle and are not very expensive. Therefore female Golden Syrian hamster was selected

in this study, to study the effect dose dependent effects of isoflavones and also to

elucidate the hypocholesterolemic effect so soy isoflavones.

27



CHAPTER III

Materials and Methods

Seventy-two 6-month old female Golden Syrian hamsters (Harlan Sprague­

Dawley, Indianapolis, IN) were housed three in a cage and kept in an environmentally

controlled laboratory. Guidelines for the ethical care and treatment of animals from the

Animal Care and Use Committee at Oklahoma State University were stlictly followed.

After three days of acclimation, hamsters were randomized by weight into six groups of

12 hamsters each and either sham-operated (sham) or ovariectomized (oyx). Treatment

groups were sham, ovx control, ovx + E2 (10 J.!g E2/kg body weight), ovx + 1s02 (O.0095g

isoflavones/kg diet) , 1s04 (O.018g isoflavones/kg diet), or 1s08 (O.038g isoflavones/kg

diet). A twelve-hour light: twelve-hour dark cycle was followed and hamsters were fed a

semi-purified casein-based and cholesterol-free powdered diet with or without

isoflavones (Table 1) for 120 days. E2 was dissolved in a small volume of absolute

ethanol and the concentration was adjusted with sesame oil. Hamsters were injected

subcutaneously with either E2 or solvent vehicle daily. Hamsters were pair-fed to the

mean food intake of the estrogen-administered group and had free access to deionized

water. Food intake and body weight were monitored routinely.
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Name of the group

Sham + control

Ovx + control

Ovx +E2

Ovx + 1s02

Ovx + 1804

Ovx + 1808

Table I

Grouping and Diets

Diet Fed

Control

Control

Control

Control + O.0095g 1soflavone8 /kg diet.

Control + O.019g Isoflavones /kg diet

Control + O.038g Isoflavones /kg diet
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Table II

Composition of Diet

Ingredient

Carbohydrates (total)

Rice flour1

Fiber (total)

Wheat bran2

Cellulose3

Protein (total)

Casein3

Fat (total)

Hydrogenated coconut oil3

Safflower oil3

Soybean oil3

Choline chloride3

Potassium bicarbonate4

Vitamin mix5

Mineral mixture6

Isoflavones7

Amount (glkg diet)

395

395

144

72

72

240

240

154

96

19

39

3

20

10

34

0.0, 0.0095,0.019, or 0.038

1California Natural Products (Lathrop, CA).

2Natural Ovens of Manitowoc (Manitowoc, WI).

3Harlan-Teklad (Madison, WI).

4Sigma Chemicals (St. Louis, MO).

5Vitamin mixture, (TD #40060, Harlan Teklad, Madison, WI).

6Mineral Mixture (TD #170911, Harlan Teklad, Madison, WI).
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7Isoflavone (Protein Technologies Inc., St. Louis, MO) contents of control, LD, MD, and

lID diets, respectively. This amount includes all forms of isoflavones such as aglycones,

glycosides and glycoside esters (mg/g product): genistein-containing compounds, 11.84;

daidzein-containing compounds, 6.38; glycitein-containing compounds, 0.74. Aglycone

components of the isoflavones (mg/g product): genistein, 7.09; daidzein, 3.81; glycitein,

0.47.

Autopsy and Sample Collection.

One hundred days after treatment the animals were euthanized. At the n1id point

of the dark cycle the animals were anesthetized with a mixture of ketamine hydrochloride

(100 mg/kg body weight) and xylazine (5 mg/kg body weight). For assessing the rate of

sterol synthesis one hour prior to sacrifice, tritiated water was rapidly injected into the

femoral vein and the animal was placed under the hood (Arjrnandi et aI., 1997). One hour

after the injection the animals were exsanguinated via the abdominal aorta.

Blood samples were collected and plasma was separated by centrifugation at 1500

x g for 20 minutes at 4°C. Aliguots of plasma were frozen and kept at -20oe for later

analyses. The liver was removed immediately and rinsed with ice-cold saline solution.

The total weight of the liver was recorded. A portion of liver was weighed and was stored

in 85% alcoholic KOH to be used for measuring the hepatic rate of sterol synthesis. The

remaining portion was stored at -20oe for liver lipid analyses.

The small intestine was flushed of its contents using saline. The flushed intestine

was blotted and weighed. It was then stored in 85% KOH solution for measuring the rate

of sterol synthesis.

31



Uterus was removed and weighed to confirm the success of ovariectomy. Spleen

was weighed and discarded.

Measurement of Intestinal and Hepatic Rates of Sterol Synthesis.

The hepatic and intestinal rates of sterol synthesis were measured to determine

whether the rates of sterol synthesis were affected by ovariectomy and different doses of

isoflavones. The in vivo rates of sterol synthesis were measured as previously described

(Arjmandi et aI., 1992, 1997) in liver and small intestine. The specific activity of water

was calculated using the formula by Jeske and Dietschy (1980).

(kBq3H/L serum) x (1.09 ) / (J.!mol water /L water)

The term 1.09 was used to correct the specific activity of plasma water

determined at 1 hour after injection of 3H water to the mean specific activity of body

water present throughout the I-hour period of time.

Small intestine was placed in 30 ml of 5% alcoholic KOH until completely

dissolved. It was saponified on a steam bath. aliquots of 10 ml were made in duplicates.

Petroleum ether (15 ml) was added to the samples thrice to extract the sterols. The

extracted sterols were evaporated to dryness under the fume hood. The residue was

dissolved in 3x2 ml ethanol: acetone (1:1) and transferred to centrifuge tubes. The

contents were acidified with a drop of 1 mol /L Hel and sterols were precipitated with 2

rnl of 0.5% digitonin in 50% ethanol. The digitonin precipitate was washed twice with 5

ml acetone and then 5 ml diethyl ether. The precipitate was spread on the sides of the

tube and was allowed to dry and then vacuum dried in an oven at 80aC for 15 minutes.

The precipitate was then dissolved in pyridine and free sterol was extracted using 3 ml of
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diethyl ether twice and was transferred to a counting vial and air dried. The vials were

placed in the vacuum oven at 80GC for 1 hour. Methanol (1 ml) was added to dissolve the

sterols and 10 ml of Scinti Safe scintillation solution was added and the radioactivity of

the mixture was analyzed in a liquid scintillation counter (Arjmandi et aI., 1992, 1997).

Plasma Total Cholesterol, Free Cholesterol, HDL-C and Triglycerides.

Plasma total cholesterol, free cholesterol, HDL-C and tliglycerides were

measured using the enzymatic kits from Roche laboratories. These tests were performed

using a Cobas Fara II clinical analyzer (Montclair, NJ) following the manufacture's

instructions and using commercially available calibrators and quality control samples.

The total cholesterol concentration was measured using a procedure described by

Allain et a1. (1974). In this procedure cholesterol was released enzymatically from its

esters by cholesterol esterase and was oxidized by cholesterol oxidase producing

hydrogen peroxide. Hydrogen peroxide when combined with 4-aminoantipyrine and

phenol forms a quinone dye that absorbs light at 500 nm. The absorbance is directly

proportional to the cholesterol concentration in the sample.

Plasma triglycerides (TO) concentrations were determined enzymatically using

commercially available kits from Roche Diagnostics. In this procedure TG are

hydrolyzed by lipoprotein lipase to glycerol and fatty acids. Glycerol then reacts with

adenosine triphosphate (ATP) and oxygen to produce hydrogen peroxide. The hydrogen

peroxide reacts with 4- chlorophenol and 4- aminophenazone and forms a quinoemine

dye that has an absorbance of 500 nm. The absorbance is directly proportional to the

triglyceride concentration in the sample.
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Serum HDL-cholesterol was measured by a direct method utilizing synthetic

polymers, polyanions and detergent. These compounds solubilize cholesterol from

VLDL, LDL and chylomicrons but not HDL. The cholesterol in HDL is then determined

enzymatically using the method described by Allain et al (1974). HDL-cholesterol

concentrations were determined enzymatically using commercially available kits from

Roche Diagnostics.

Liver Lipids And Liver Total Cholesterol.

Liver lipids and total cholesterol were measured. Portions of the liver were

homogenized and extracted with chloroform methanol mixture (2: 1 v/v). NaCI solution

(0.13 moll L) was added and the phases were separated and aliquots of the organic phase

were analyzed for liver cholesterol. Liver total cholesterol was determined using a color

reagent of glacial acetic acid FeS04- H2S04 ( Searcy & Bergquist, 1960). Total lipids

were determined using Folch gravimeteric method. The remainder of the organic phase

was evaporated, dried and was weighed to measure the total lipids (Folch et aI., 1957).

The intra- and inter-assay coefficients of variation were 3.1 % and 4.2%,4.1 % and 5.4 %

for liver total lipid and cholesterol, respectively.

Measurement of Fecal excretion of neutral sterols

For the measurement of fecal excretion of neutral sterols, three day fecal

collection was done and the collected feces were desiccated and stored until further

analysis. Neutral sterols were measured using the modified method of Arjrnandi et aI.,

(1992) using gas chromatography. O.05g of finely powdered fecal sample was digested

along with an internal standard, 0.25 mg of 5-alpha cholestane, using acetic acid at 11DoC
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for 1.5 hrs. After the samples were cooled, the total lipids were extracted using toluene.

This extract was evaporated using nitrogen at 60°C. The fractions obtained by

evaporation were resuspended using cholylglycine hydrolase in acetate buffer. To this

mixture 1.0 ml of deionized water, 0.25 ml of 7.5 mol/L NaOH and 4 ml of methanol

were added, mixed thoroughly and the pH was adjusted to 8-9. Neutral sterols from this

mixture were extracted four times using petroleum ether and dried under nitrogen at

40°C. The residues were resuspended in petroleum ether and derivatized using silylating

reagent. After the process of derivitization the neutral sterols were dried under nitrogen

again and redissolved in 100 J.ll of ethylacetate and 1 J.lI of this sample was injected into

the Hewlett Packard gas chromatograph which was set up at the following conditions:

Column (J& W Scientific #122-4732), Temperature injector 250°C, detector 280°C,

oven temperature - Initial 250°C for 20 minutes , and elevated to 310°C by increasing

10cC/minute to final temperature and holding for 2 minutes, using helium carrier gas.

Total Fecal Bile Acids

Dried and pulverized feces sample (0.2g) was weighed and 4 ml of t­

butanol/water (1: 1 v/v) was added. The mixture was heated to 37°C for 15 minutes and

mixed every 5 minutes when heating. The mixture was centrifuged at 1500 x g for 10

minutes and the supernatant was removed and analyzed using the Cobas Fara II clinical

analyzer (Montclair, NJ) using the enzymatic kit (# 450-A) from Sigma Diagnostics

(St.Louis, MO).

The principle of the kit is based on the property of bile acids to be oxidized in the

presence of nicotinamide adenine dinucleotide (NAD) and the enzyme 3a-hydroxysteroid
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dehydrogenase (3a-HSD) to fonn 3- oxo bile acids a-Hydroxybile Acids. The reduced

form of NAD (NADH) released acts with nitro blue tetrazolium (NBT) to form formazan

and the formazan has an absorbance of 530 nm and the color produced is directly

proportional to the bile acid concentration in the sample (Sigma Product insert).

3a-HydroxybileAcids+NAD---(3a-HSD)-->3-0xoBileAcids+NADH

NADH + NET -(Diaphorase)-> NAD + Formazan (Brown color)

Statistical Analyses

Data analyses involved computation of least square means and standard error (SE)

of the means for each of the treatment groups using SAS version 8.2 (SAS Institute, Cary,

NC). Analysis of variance and least square means were calculated using the general linear

model procedure and the means were compared using Fisher's least significant difference

for comparing groups. Differences were considered significant at P<O.05, unless

otherwise stated.
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CHAPTER IV

RESULTS

Food Intake, Body Weights and Organ Weights

The animals were divided in to different treatment groups based on their initial

body weights, so there were no significant differences in the initial body weights among

the groups (Table III). In spite of pair-feeding, a significant difference was seen in the

final body weights of the treatment groups. The mean final body weight of the animals in

the Is02 group was significantly (p<O.05) higher than the sham, E2, and Is08 groups. No

differences were seen among the sham, OVX, E2 Is04 and Is08 groups. Weights of liver

and small intestine were similar for all the groups. Ovariectomy caused a significant

(p<O.05) atrophy of the uterus in all the OYX groups compared with the sham group

(p<O.05). The E2 administration significantly (p<O.05) increased the uterine weight in

comparison with all the other OYX groups.

Plasma Lipid Profiles

Table IV shows the effects of ovariectomy and diet on lipid profiles of hamsters.

Plasma total cholesterol was significantly (p<O.05) increased in the ovx control group

when compared to the sham group. The cholesterol concentrations of Is04 and Is08

groups were significantly (p<O.05) lower than the ovx control group, thus showing the

cholesterol lowering effects of soy isoflavones. There were no significant differences in

the plasma total cholesterol among sham, E2, Is04 and Is08 groups. No significant

reduction in plasma total cholesterol was seen in Is02 group when compared to the OYX
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control group. No significant differences were seen In plasma HDL, Non-HDL and

triglycerides levels for all the groups.

The mean free cholesterol concentration was significantly (p<O.05) lower in the

sham animals when compared to the ovx control group. Is04 group also had a

significantly lower free cholesterol concentration when compared to the ovx control

group. No significant differences were seen among the ovx control, E2 Is02 and Is08

groups.

Liver Lipids and Rates of Hepatic and Intestinal Sterol Synthesis

As reported in Table V there were no significant differences in the liver total

lipids among all the groups. Liver cholesterol was significantly (p<O.05) reduced in the

ovx control group when compared with to sham. The liver cholesterol of E2, Is02 and

Is08 groups was significantly (p<O.05) lower when compared to ovx control.

There were no significant differences in either the hepatic or the intestinal rates of

sterol synthesis among all groups (Table V).

Fecal Neutral Sterols and Bile Acid Excretion

There were no differences in the fecal excretion of neutral sterols among the

groups. Neither ovariectomy nor different levels of soy isoflavones significantly affected

the total bile acids excretion in hamsters (Table VII).
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TABLE III

Effect of ovariectomy(ovx), three levels of isoflavones and 17~-estradiol (E2) on body and organ
weights in hamsters.

Parameter Sham +
Control

Ovx + Control Ovx + E2 Ovx + Iso 2 Ovx + Iso 4 Ovx + Iso 8

0.22 ± O.20 c

4.51 ± 0.20
2.28±0.07

142 ± 3
154 ±4 be

144 ± 3
162±4 ab

0.19 ± 0.04 c

4.63 ± 0.20
2.31 ± 0.07

0.18 ± 0.03 c

4.91 ± 0.19
2.38 ± 0.07

145 ± 3
165 ± 4 a

144 ± 3
143 ± 4 c

0.51 ± 0.04 b

4.29 ±0.20
2.22 ± 0.07

144 ± 3
156±4 ab

143 ± 3
153 ± 4bc

Body weight, (g)
Initial
Final
Organ weights, (g)
Uterus 0.72 ± 0.20 a 0.24 ± 0.04 c

Liver 4.70 ± 0.20 4.69 ± 0.20
Small Intestine 2.38 ± 0.07 2.42 ±0.07

Values are expressed as means ± SE (n =12)
Values that do not share the same superscript letters are significantly (p<0.05) different from one another.
E2 ; 17~-estradiol (10 J.!g E 2/kg body weight)
Iso 2; O.0095g isoflavones/kg diet
Iso 4; 0.018g isoflavoneslkg diet
Iso 8; 0.038g isoflavones/kg diet



TABLE IV

Effects of ovariectomy (ovx), three levels of isoflavones and 17~-estradiol (E2) on plasma lipid profiles
of hamsters.

Ovx + Control Ovx + E2Parameter
(mmol/L)
Total Cholesterol
HDL-Cholesterol
Free- Cholesterol
Triglycerides
Non- HDL
Cholesterol1

Sham + Control

3.7±O.3C

2.1±O.2
O.7±O.1b

1.2±O.1
1.6±O.1

5.1±O.3a

3.2±O.2
1.2±O.1a

1.1±O.1
1.9±O.1

4.1±O.3bc

2.4±O.2
1.0±O.la

1.3±O.1
1.7±O.1

Ovx + Iso 2

4.7±O.3ab

2.8±O.2
O.9±O.1 ab

1.4±O.1
1.9±O.1

Ovx + Iso 4

4.5±O.3 bc

2.7±O.2
O.8±O.1 b

1.3±O.1
1.8±O.1

Ovx + Iso 8

4.1±O.4bc

2.5±O.2
1.0±O.1ab

1.2±0.1
1.6±O.1

Values are expressed as means ± SEe (n = 12)
Values that do not share the same superscript letters are significantly (p<0.05) different from one another.
INon-HDL cholesterol =total cholesterol - HDL cholesterol
E2 ; 17B-estradiol (10 ~g E2/kg body weight)
Iso 2; 0.0095g isoflavones/kg diet
Iso 4; 0.018g isoflavones/kg diet
Iso 8; 0.038g isoflavones/kg diet



TABLE V

Effect of ovariectomy(ovx), three levels of isoflavones and 17~-estradiol (Ez) on liver lipids and hepatic
and intestinal rates of sterol synthesis in hamsters.

Parameter Sham +
Control

Ovx + Control Ovx + E2 Ovx + Iso 2 Ovx + Iso 4 Ovx + Iso 8

76.2 ± 4.5
4.1 ± 0.5 b

93.2± 17.4

75.9 ± 4.8 80.3 ± 4.3
3.8 ± 0.5 b 4.6 ±0.5 ab

117.7 ± 19.1 38.8 ± 16.1

Liver totallipid(mg/g liver)
Liver Cholesterol(mg/g liver)
Liver (nmol[3H ]DPS/(g. liver.
h)
Small Intestines (nmol[3H]DPS/ 33.7 ± 8.4
(g.intestine.h)

67.3 ± 4.6
2.2 ± 0.5 e

65.6 ± 17.4

55.2 ± 9.2 43.2 ± 8.4 48.1 ± 9.2

77.7 ± 4.6
3.3 ± 0.5 be

93.2 ± 21.3

49.3 ± 8.4

72.2 ± 4.6
3.8 ± 0.5 b

76.3 ± 21.3

45.6 ± 8.4

Values are expressed as means ± SEe (n =6)
Values that do not share the same superscript letters are significantly (p<0.05) different from one another.
E2 ; 17~-estradiol (10 J.!g E2/kg body weight)
Iso 2; O.0095g isoflavones/kg diet
Iso 4; 0.018g isoflavones/kg diet
Iso 8; O.038g isoflavones/kg diet



TABLE VI

Effect of ovariectomy(ovx), three levels of isoflavones and 17~-Estradiol (E2) on neutral sterol and
total bile acid excretion in hamsters.

Parameter (mg/g feces) Sham + Control Ovx +
Control

Ovx +E2 Ovx + Iso 2 Ovx + Iso 4 Ovx + Iso 8

Coprastanol/Cholesterol 57.2± 5.0 97.6 ± 45.5 42.7 ± 11.3
Cholestanol 16.7±4.1 27.4±7.5 25.5±11.9
Coprastanone 11.6 ± 3.7 6.8 ± 1.7 22.4 ± 14.5
Total bile acids 1.12 ± 0.03 0.14 ± 0.00 1.15 ± 0.09

25.8±5.1
17.1±5.3
11.7± 5.9
0.90 ± 0.20

124.4 ± 30.5
24.1 ± 5.3
16.8 ± 5.9
0.42 ± 0.28

165.8± 55.5
30.4 ± 12.5
9.33± 2.8
0.96 ± 0.04

Values are expressed as means ± SEe (n =4)
Values that do not share the same superscript letters are significantly (p<0.05) different from one another.
E2 ; 17~-estradiol (10 Jlg E2/kg body weight)
Iso 2; 0.0095g isoflavones/kg diet
Iso 4; 0.018g isoflavones/kg diet
Iso 8; 0.038g isoflavones/kg diet



CHAPTERVI

DISCUSSION

Food Intake, Body and Organ Weights

In spite of pair-feeding, ovariectomy caused an increase in the body weight. Sohn

et aI., (1999) and Arjrnandi et aI., (1997) reported significant increases in weight gain

were caused due to ovariectomy in hamsters and rats, respectively.

E2 administration reduced the weight and this reduction in weight was also seen in

the study conducted by Wallen and co workers (2001), where the ovariectomy-induced

weight gain in rats was reversed by estrogen. Though the mechanism behind this

phenomenon is not clear, it is seen that weight gain is modulated by sex hormones

suggesting that they exert a direct effect on overall body metabolism (Wallen et aI.,

2001). In the present study soy isoflavones at lower levels did not cause any significant

changes in final body weight (ls02 and 1s04). But a significant reduction in weight was

seen in the mean final body weight of the animals in the Is08 group when compared to

the 1s02 group. This finding was in contrast to that of Uesugi et al (2001), who reported

that oral administration of daidzin, genistin or glycitin prevented ovariectomy induced

weight gain and uterine atrophy and that soy isoflavones may reverse the unfavorable

changes caused by hormone deficiency.

No significant changes were seen in the liver weights among all the groups. As

expected the weight of the uterus in all the ovx groups was significantly reduced when

compared to the sham groups showing the success of ovariectomy. Estrogen is known to

cause hypertrophy of uterine tissue (Dodge et aI., 1996) and this is the reason for the

higher mean uterine weight of the E2 group when compared to the other ovx groups.
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However, the dose of estrogen used (10 Jlg E2/kg body weight) was not sufficient to bring

the uterine weight up to those of the sham animals. In a study by Yamaguchi et a1.(2001),

they reported that the uterotrophic effect of dietary isoflavones was very weak when

compared with that of estrogen. This explains the low uterine weight observed in all the

Iso groups.

Plasma Lipid Profiles

As reported by earlier studies, ovariectomy caused a significant increase in the

plasma total cholesterol concentrations, which is similar to the rise in blood lipids

following menopause (Arjmandi et aI., 1997, Sohn et aI., 1999). This ovariectomy­

induced rise in total cholesterol was prevented by higher doses of isoflavones ( Is04 and

1s08). Like estrogen, isoflavones prevented this rise in serum total cholesterol. There

were no significant differences between the two higher doses of isoflavones groups

suggesting that the doses of isoflavones reached a plateau. These lipid-lowering effects of

isoflavones were consistent with the findings of Anthony et aI., (1996). Greaves et aI.,

(2000) also reported a reduction in total cholesterol in ovariectomized cynomolgus

monkeys fed an isoflavone rich diet compared to a control group fed a casein-lactalbumin

diet, however their results were not significant (p<O.05).

An increase in non-HDL cholesterol is seen after ovariectomy (Sohn et aI., 1999,

Lucas et aI., 2001). This increase in Non-HDL cholesterol was reduced in the all the

isoflavones groups when compared to the ovx control group. A higher reduction was seen

in the groups as the concentration of isoflavones increased. But the reduction was not

significantly different among all groups. Potter et aI., (1998) showed a similar trend in
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postmenopausal women. A significant reduction in non-HDL cholesterol was seen In

women on an isolated soy protein with added isoflavones as compared to women who

were on a diet with casein as their protein source.

Lucas et aI., (2001) also reported that ovariectomy causes an increase in serum

free cholesterol but the increase was not significant, however in this study it is seen that

plasma free cholesterol is significantly increased after ovariectomy and soy isoflavones

helped in bring down the level of free cholesterol significantly. In the study by Lucas et

aI., (2001) no significant changes was observed in the value of triglycerides among the

groups. Soy isoflavones seem to have no major effect on plasma triglyceride levels.

Gardner et aI., (1998) also demonstrated that soy isoflavones lower plasma cholesterol

but have no effect on triglycerides in hypercholesterolemic postmenopausal women.

Liver Lipids

No significant differences were seen in the mean value of liver total lipids.

Ovariectomy does not seem to affect the liver lipid levels (Arjrnandi et aI., 1997, Lucas et

aI., 2001). However, liver cholesterol was significantly lower in the ovx control group

contrary to the findings of these two studies. There were no differences in the liver

cholesterol values among the sham E2 and the Iso groups. This could be due to the

decrease in the hepatic rate of sterol synthesis in these groups.

Hepatic and Intestinal Rates of Sterol Synthesis

There was no significant difference in the rate of sterol synthesis in the liver and

in the small intestines. The sterol synthesis in the liver followed the same trend as shown
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by Sohn et aI., (1999). The lack of significant difference in the values may be due to the

fact that the amount of radioactivity used in our study was much lower than the amount

used in their study. They used 1.85 GBq whereas we used only 0.35 GBq of radioactivity

which was almost one fifth of the amount used by Sohn et aI., (1999).

Fecal Excretion of Neutral Sterols and Total Bile Acids

In 1992 Arjmandi et a1. reported that, increased bile acids excretion causes a

decrease in the cholesterol concentrations in the body. In a review by Potter (1998) it is

reported that there is an increase in the fecal excretion of bile acids especially the neutral

sterols in the soy group relative to casein. Lichtenstein (1998) also credited the

hypocholesterolemic effect of soy to its ability to increase fecal excretion of bile acids.

The results presented in the table VII show the dose-dependent effect of soy

isoflavones on fecal excretion of neutral sterols and total bile acids. Soy isoflavones did

not have any significant effect on fecal excretion of neutral sterols. This could be due to a

number of factors. During the processes of extracting neutral sterols, fecal extracts

formed a precipitate when the silyating reagent was added. In order to obtain a clear

solution that could be injected into the capillary column, we had to centrifuge the

samples. Some of the neutral sterols could have been trapped in the precipitate.

In the capillary column that was used for the separation of the samples, a high

temperature of 325°C called for in the original procedure could not be reached and this

might have prevented the proper separation of the samples. Another disadvantage of

using the capillary column was that we were not able to inject 31lL as in a mesh column
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as described in the procedure. The separation of samples could have also affected because

of this low volume.

The amount of total bile acids excreted by the ovx control group was less than the

sham and the Iso groups. This effect on total bile acids could not be analyzed statistically

as the number of animals in the ovx control group was very small (N =4). The results of

the total bile acids suggest that the hypocholesterolemic effect of the soy isoflavones

could be due to the increased excretion of the total bile acids, as the amount of total bile

acids excreted by the isoflavone groups was higher than the ovx control group and was

not significantly different from the sham control group.

Conclusion

The results of this study show us that soy isoflavones exhibit a beneficial effect on

ovariectomy-induced hypercholesterolemia. Soy isoflavones significantly prevented the

ovariectomy-induced hypercholesterolemia. A dose-dependent reduction in total

cholesterol was seen among the groups. Our observations indicated that Is04 and Is08

dose levels were more effective in lowering plasma cholesterol levels compared to the

Is02. These findings indicate a possibility of using soy isoflavones as a therapeutic agent

in preventing hypercholesterolemia.

However, further studies are needed to determine the best dose of isoflavones that

is suitable for human beings to lower cholesterol and the effect of long-tenn intake of

isolated isoflavones in humans. Additional studies are also needed to elucidate the

hypocholesterolemic mechanisms of soy isoflavones.
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