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The present study aims to investigate the effects of genistein, a potent phyto-antioxidant, and exercise
training on age-induced endothelial dysfunction. Male Wistar rats (20-22-month old) were divided into five groups:
1) aged rats treated with corn oil (Aged+Veh), 2) aged rats treated with genistein (Aged+Gen, (0.25 mg/kg
BW/day, s.c.)), 3) aged rats without exercise training (Aged+Without-Ex), 4) aged rats with exercise training
(Aged+Ex, swimming 40 min/day, 5 days/week for 8 weeks), and 5) aged rats treated with both genistein and
exercise training (Aged+Gen+Ex) group. The cremaster arterioles response to acetylcholine (Ach; 10°M,
5mi/5min) was accessed after 1-min norepinephrine preconstriction (10 uM). To determine NO bioavailability, the
Krebs-Ringer buffer with 4, 5-diaminofluorescein-diacetate (3 uM DAF-2DA), and 10 pM Ach saturated with
95%N, and 5%CO, were used. Changes NO-associated fluorescent intensity along the cremaster arterioles were
analyzed by the Image Pro-Plus Software. Liver malondialdehyde (MDA) level was measured by thiobarbituric

acid reaction and used as an indicator for oxidative stress. TNF-at level was determined by ELISA kit.

The results showed that the mean arterial blood pressure (MAP), MDA level and TNF-a level of Aged
groups (Aged+Without-Ex and Aged+Veh) were significantly increased when compared to controls. MAP, MDA
level and TNF-o level of Aged-treated group (Aged+Gen, Aged+Ex and Aged+Gen+Ex groups) were
significantly decreased as compared to their age-matched control groups (P<0.05). In these three groups of
treatments, Ach-induced vasodilation after preconstriction with norepinephrine and NO-associated fluorescent
intensity were significantly increased as compared to their age-matched control groups (P<0.05). The correlation
between, Ach-induced vasodilatation and NO-associated fluorescent intensity was demonstrated and

represented by a linear line: y = 0.4276x — 2.0966, R°=0.82, (P<0.01).

These findings indicated that genistein and exercise training could improve age-induced endothelial

dysfunction via reduced oxidative stress, reduced TNF-at and increased NO bioavailability.
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CHAPTER |

INTRODUCTION

According to the report of United Nations (UN)heas been shown
that aging population over 60 years old will in@eaup to about two
folds from 2000 to 2050 as shown in Figure 1 (Uhidations, 2002).
Interestingly, it indicated that males have a cesably higher risk of
cardiovascular disease (CVD) in comparison to prevpausal females.
After menopause, the incidence of CVD in womeneases, diminishing
the gender difference in morbidity and mortalitgrfr CVD. Therefore,
the significant role of sex hormones have beenesigg to involve in the
pathogenesis of atherosclerosis, either as indeméndsk factors or
mediated via other risk factors, such as plasmddipr insulin levels
(Gyllenborg et al., 2001). Up to now, it is quitedwn that the presence
of 17B-estradiol (E2) in premenopausal women attribu@sbé the
protective agent that significantly retards themany development of
CVD through numerous cellular mechanisms (Mendelsahd Karas,
1999).

Population pyramids
1950 2000 2050

60+
80 Male Female 1 o058

Age

. T ) r
0 5 0 5 10 10 5 0 5 5 ] 5
Percentage Percentage Percentage

Figure 1.1Population pyramidshow world population aging 1950-2050 (United
Nations, 2002)



E2 is strongly associated as a female hormonesigmficance of
this steroid in the male cardiovascular systermiy cecently emerging.
Despite the lack of conclusive evidence elucidatiBd’'s precise
cardioprotective mechanisms in either men or womengothelial
dysfunction is a gender independent early contoityutfactor in the
atherosclerotic process. Moreover, endothelial ulystion is clinically
defined as a loss of vasodilatation resulting fitwa partial or complete
attenuation of bioavailable NO (Guetta et al., )9%Besides, human
males experiencing age-related decrement in testyst and aromatase
derived estradiol plasma levels may lose a vitatdicprotective
mechanism that preserves proper endothelial fum¢Gto et al., 2003).

Several animal and human studies have highlightedfact that
aging is an important risk factor in cardiovasculeease (Amrani et al.,
1996; Lyons et al., 1997; Singh et al., 2002; Wilsb al., 1998)Aging is
associated with a progressive decline in endotimreliependent
vasodilatation in resistance and conduit vessetmghkira et al., 1993;
Taddei et al., 2000). Endothelial dysfunction midjatve a pathogenic
role in the development of atherosclerosis andcasplications in the
elderly. The experimental data suggested that cnitokide and
prostaglandin exhibit reduced activities with iragig age (Singh et al.,
2002). Reduced basal endothelium-dependent doatatight contribute
to age-related increases in peripheral vasculastaese and systemic
hypertension. Moreover, there is less nitric oxgl®duced by aged
endothelium and that aging is as detrimental too#edial function as
clinically significant atherosclerosis (Al-Shaeragét 2006).

Endothelium is a crucial cell that regulates vasciiomeostasis
through the release of a variety of autocrine aadhqrine substances,
such as nitric oxide (NO), prostacyclin (BGland the endothelium
derived hyperpolarizing factor (s) (EDHF) (Moncaalad Higgs, 1993).



The endothelium comprises a monolayer of endothedils and is in a
strategic anatomical position within the vessellwatated between the
circulating blood and vascular smooth muscle celfsthe media.
Removal of the endothelium, most commonly usingaiobn catheter,
results in immediate deposition of platelets andtevblood cells. After
days to weeks intimal hyperplasia develops at itee &f injury. This
suggests that the endothelium also regulates \asstulicture and that its
presence is crucial in preventing migration andifem@tion of vascular
smooth muscle cells. Vascular structure is maifednined by vascular
smooth muscle cells and, in disease states, byewdldod cells that
invade the intima. Endothelial cells can have ecland direct effects on
vascular structure (Tanner et al., 2000).

Oxidative stress is defined as an imbalance betwesproduction
of reactive oxygen species and the ability of amtiant systems to
neutralize them. There are numerous reports okasad levels of O
production with advancing age in epidemiological agll as
experimental studies (Csiszar et al., 2002; Hamiébal., 2001; Roberts
and Reckelhoff, 2001; Taddei et al., 2001; van ldeo et al., 2000).
Increased oxidative stress has been shown to batdrito the
development of endothelial dysfunction in many feraf cardiovascular
disease (Harrison, 1997). Superoxide Y@ a free radical that rapidly
scavenges NO, thereby decreasing NO bioavailal{Bryglewski et al.,
1986). Therefore, it is mostly documented that atiee stress is an
underlining cause of age-induced endothelial dydfan. Thus, it is
simply to say that oxidative stress should havectbsed correlation with
aging.

Interestingly, genistein, a phytoestrogen, may hagéogenic
cardioprotective actions (Barnes, 1998) and enlsanceronary

vasoreactivity in macaque monkeys (Honore et 80,7). The affinity of



genistein for the classic estrogen receptor (&ERyesent on reproductive
organs is less than estrogen (Cassidy, 1999). Haw@enistein has a
similar affinity as estrogen for the novel BRaresent in the vasculature.
Genistein can be administered to both men and wom#out causing
conventional estrogenic effects. Indeed, genisisirpresent in high
concentrations in the East Asian diet (Adlercreettal., 1993), and it is
possible that high plasma concentrations of ganistentribute to the
strikingly low incidence of atherosclerosis and ar@ary heart disease
(CHD) seen in East Asia (Barnes, 1998; Keys, 19Fyxthermore,
phytoestrogens can act as antioxidants (Binghaal.et998)and may
inhibit the oxidation of low-density lipoprotein QL) (Lissin and Cooke,
2000). A protective/antioxidant effect has beenvaindy phytoestrogen
supplementation on the susceptibility of LDL to aedion (Tikkanen et
al.,, 1998). In addition, Walker et al (2001) repdrtthat genistein
produces acute NO-dependent vasodilation in theafon vasculature of
men and women with a potency similar to that3-gstradiol and
potentiates endothelium-dependent vasodilation Kéradt al., 2001).
Several studies have shown an aging-associatedcti@auin

endothelial function in conduit and resistanceraase(Delp et al., 1995;
Hongo et al., 1988; Tominaga et al., 1994). Howeaerobic exercise
training has been reported for its potential to leor&te age-associated
reduction in both central and peripheral cardiouscfunctions (Ogawa
et al., 1992). Moreover, it has been demonstratatl éxercise training
could reverse age-associated reductions in endatinelependent
vasodilatation in humans (DeSouza et al., 2000;déaet al., 2000).
There is an inverse relation between the levelhykjeal activity and the
incidence of cardiovascular diseases, and thistioalapersists after
control for other risk factors for cardiovasculaseises (Oldridge et al.,

1988; Vita and Keaney, 2000). Exercise training ld¢oimprove



myocardial perfusion, coronary blood flow and iraged shear stress on
the surface of the endothelium (Schuler et al.,2)9€ndothelial cells
respond to short-term increase in shear stressrdguping vasodilator
compounds including prostacyclin and nitric oxi8estained increases in
shear stress elicit an adaptive response in enddtheells that is
manifested, in part, by increased nitric oxide picitbn (Sessa et al.,
1994; Vita and Keaney, 2000). In addition, the gigdapresponses of the
endothelium in regular exercised subjects also fitene coronary
circulation (Hambrecht et al., 2000).

According to the above reviews, it become our ggeto examine
whether genistein and exercise training will beealdl protect vascular
function against age-induced endothelial dysfumctipnot.

Research question
Can genistein and exercise training improve agadad

endothelial dysfunction in male rats?

Research objectives
1. To study the effects of genistein and exerciseningi on age-
induced endothelial dysfunction.
2. To study the possible mechanism(s) that explaie®tfects of

genistein and exercise on age-inducedtbetal dysfunction.

Hypothesis
Genistein and exercise training can improve endiathe
dysfunction in aging male rats by decreasing TdN&nd oxidative stress

but increasing NO production.



CHAPTER I

LITERATURE REVIEW S

Aging, testosterone, estrogeand CVD

Aging is a physiological process that proceedsswactural and
functional alterations in the vessel wall, causimg increase in the
incidence of pathological conditions such as hyresion, coronary heart
disease, cardiac insufficiency, and postural hymon (Dohi et al.,
1995; Gerhard et al., 1996). In addition, aging loag been accepted as
a non-modifiable risk factor leading to age-relataddiovascular disease.
Moreover, male gender is one of the classic rigkofs for coronary
artery disease (CAD), and the average life expegtéor men with CAD
Is about 8 years less than that of women (Wu amdBakardstein, 2003).
The lifetime risk of developing CAD at age 40 ye&sr$0% for men and
33% for women (Lloyd-Jones et al.,, 1999). MoreovErgure 2.1
demonstrated that age-adjusted mortality ratesC#®D by country and
sex (age 35-74 yr) (Wu and von Eckardstein, 2003).



Age-adjusted death rates* for coronary heart disease by country and sex, age 35-74
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Figure 2.1 Age-adjusted mortality rates for CAD by country aeck (Wu and von
Eckardstein, 2003)

In the 35 countries reporting mortality statisticSVD is a
persistent leading cause of death in both men awden. Independent of
gender, the incidences of death and morbidity flOWD increase with
advancing age but it is more prevalent in men thamen before the age
of 50 (Grady and Hulley, 2001). Although there tsanalogous situation
of complete gonadal hormone cessation in men is¢adi the age of 50,
total serum and testosterone levels peak at agegn@@radually decline
thereafter (Lamberts et al., 1997). As shown irufeé2.2, the decline of
testosterone in men during the aging process (€ab,&003). In 60% of
elderly men over 65 years of age, free testosteleveds are below the
normal values of men aged 30 to 35. Numerous sudie large
populations of men have shown a marked rise inntidence of CVD in
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the same age group that exhibit declining freeottstone levels, with

the highest incidences occurring in men aged S®t(Hak et al., 2002).
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The decline of testosterane in men during the aging process

Figure 2.2The decline of testosterone during aging procebs @ al., 2003)

In trying to explain this causal relationship bedwetestosterone
and aortic atherosclerosis in aging men, it is psgp that age related
decreases in testosterone does not directly pro@di2 in elderly men
but rather the loss of E2 signalling in the vastula Compared to
menopausal women, healthy young men produce signily higher
levels of endogenous E2 (25-40 pug/24 hrs at apt&ate concentration
of 2-3 ng/dl) (Vermeulen et al., 2002). Because iE2men arises
primarily from the aromatase conversion of testaste, the availability
of E2 declines with increasing age as a resulbwftestosterone levels in
most cases. In a study of 1,261 men of ages rarfgimg 20—75, free
testosterone levels could be significantly coredato age (p<0.001)
while no statistically significant correlation oRHevels to age could be
determined. In 6% of these patients, low E2 leels0 pg/ml) were
found in blood serum and 74% of this patient sulesdtibited low
testosterone levels whereas only isolated instaoicksv E2 levels were
found in 1.6% of the total patient population (Dexb et al., 2000).
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Therefore, circulating levels of E2 in men declmedestly as a result of

age-related decline in testosterone and may sogmifiy impact NO
related events that maintain proper endotheliattion.

Males generate estrogen by synthesizing it diredilgm
testosterone in target tissues. The enzyme arogjatasember of the
P450 superfamily of enzymes, is responsible fordbmeversion of G
androgenic steroids to the corresponding estrogemnsaction known as
aromatization, since it involves conversion of fieing of androgens to
the corresponding phenolic A-ring characteristic estrogens (Figure
2.3). Aromatase is widely expressed in ovary, pitegehypothalamus,
liver, muscle and endothelial cells (Bayard et 8095a; Bayard et al.,
1995b; Harada et al., 1999; Simpson et al., 20B&{adiol is therefore
generated directly in the male vasculature, whemam activate ERs in
both the cells in which it arises and in neighbgrivascular smooth

muscle and endothelial cells (Mendelsohn and RqQsz0(8).

OH OH
(;ES:D [Ty LDS:Q
E——S
a HO

Testosterone 17p-Estradiol

|

a1 1

Vascular Cell Estrogen Receptor

7N

Rapid NOS Activation Increased NOS Gene Expression

Figure 2.3Estrogen synthesis directly from testosterone (Méswhn and Rosano,
2003)
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Lew and colleagues report studies in healthy yomneg of the

effect of aromatase inhibition on endothelial fumct Study subjects
were given anastrozole, a nonsteroidal inhibitoareimatase used widely
in the treatment of postmenopausal women with hoemoeceptor-

positive breast cancer, to suppress local estrpgeafuction. Anastrazole
caused a significant decrease in flow-mediatedhaadilation compared

with placebo in these healthy subjects (Lew et 2003). In addition,

Kimura and coworkers present animal studies compigany to these
human studies. They report that endothelium-depengsodilatation is

significantly blunted in blood vessels from the enaromatase knockout
(ArKO) mice (Kimura et al., 2003). These studiegstiboth support the
hypothesis that aromatization of testosterone tm@sn is required for
the maintenance of normal endothelial function amadcular tone in

males.

In men estrogen is not solely an endocrine factdribstead is
produced in a number of extragonadal sites andl@cadly at these sites.
These sites include the vascular endothelium,@entiooth muscle cells,
and numerous sites elsewhere in the human bodyiwihese sites,
aromatase action can generate high levels of ésitritally without
significantly affecting circulating levels (Simpsamd Davis, 2001). The
following hypothesis has been postulated concertiiegole of estrogen
in men: Estrogen interacts with the vascular erglatim, causing an
increase in NOS activity and the release of NOchs now considered

to be beneficial to the vascular system (Colliri) D).

Aging and endothelial dysfunction
One of the major endothelial vasodilators, NO, anfed by
endothelial NO synthase (eNOS) by conversion of aheno acid L-

arginine the availability of which has been reporte be reduced in the



11
circulation of aged rats (Reckelhoff et al., 1994O-induced

relaxation may involve different mechanisms. Howeweacts primarily
via activation of the soluble guanylyl cyclase Ire tunderlying smooth
muscle cells with a resulting increase in the contef cyclic GMP
(Rapoport and Murad, 1983; Stoclet et al., 1998yuife 2.4). Thus,
reduced endothelium-dependent relaxation in agedmay be due to a

decreased release of endothelium-derived NO.

S
¥
v +
) J Cazfgalmodulin
AA

ca?*

AA . i
L-.-'lrgr“ldS + :+F'-450

PGl, NO EDHF
(] 1. I

I

PG, NO  EDHF

K -
Smooth — l

muscle cell

soluble !
guanylate cyclase K
adenylate hyperpolarization

CYHase oGMP.,  GTP
ATP cAMP —p} a2t

Relaxation

Figure 2.4Nitric oxide pathway

Additionally, endothelium dysfunction is also a aoon feature of
aging which leads to some alterations in theses,cedlsulting in reduced
relaxation and increased constriction (Luscherlet1®93). Moreover,
hypercholesterolemia, diabetes mellitus, hypertemsiigarette smoking,
sedentary lifestyle, and postmenopausal state,eatablished CAD are
all associated with endothelial dysfunction (Cooked Dzau, 1997,
Taddei et al., 1996).



12
Relationship between endothelial cell senescencedanitric

oxide

The activity of eNOS and the production of NO amaidished in
senescent human endothelial cells (Sato et al.3)198duction of NO
production by shear stress is also decreased assent endothelial cells
(Matsushita et al., 2001). A decline in the eNO8vag of senescent
endothelial cells appears to be attributable tedauction in eNOS protein
expression as well as in eNOS phosphorylation nedlicoy Akt
(Hoffmann et al., 2001). Thus, aging down-regula®EDS expression
and activity and thus NO production in endothetiells (Hayashi et al.,
2008).

Aging and oxidative stress

Free radicals (particularly superoxide) inactivid®, or cause
direct endothelial damage. Other mechanisms forrelgéed endothelial
dysfunction include reduced synthesis and impaaféettor pathways for
NO and other endothelium-derived relaxant fact@arton et al., 1997).
As shown in Figure 2.5, generation and metabobpadif reactive oxygen
species in the vasculature. Multiple enzymes malyee generation of
superoxide (@) including NADH/NADPH oxidase, xanthine oxidase.
lipoxygenase, cyclooxygenase, P-450 monooxygeraase the enzymes
of mitochondrial oxidative phosphorylation. Hydrogeeroxide (HO,) is
mainly formed by 3 forms of superoxide dismutas®@$ and rapidly
degraded by catalase and glutathione peroxidaselrokiyl radicals
(OH") are formed either by myeloperoxidase-catalyzedbprFée* -
catalyzed conversion of 8,. NO produced by eNOS can react with O
yielding peroxynitrite (ONOQ (Suvorava and Kojda, 2009). Therefore,

oxidative stress is an important factor contribgtirio vascular
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dysfunction with aging (Beckman and Ames, 1998;dBwski et al.,

1986). To protect against the deleterious effeét®xradicals and to

prevent the lipid peroxidation process, both nogeratic and enzymatic

antioxidant defense systems exits. The first ookides compounds such
asa-tocopherol, ascorbate carotenoids, and the secamcerns enzymes
such as catalase, superoxide dismutase and thathgtute-dependent
enzymatic system (Beckman and Ames, 1998). Then@gapossesses a
delicate equilibrium between free radical produtctiand antioxidant

systems that can be altered in pathophysiologicatgsses such as
atherosclerosis and aging. Endothelial cells aleerable to oxidative

stress due to their low antioxidant capacity areVated metabolism of
arachidonic acid (Marin and Rodriguez-Martinez, 399
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Figure 2.5Free radicals inactivate NO (Suvorava and Kojd@920

Age-related endothelial dysfunction may involve reetsms such
as alterations of antioxidant defense systemseasgd oxidative injury
or both. Rodriguez-Martinez et al., 1998 has rdgesttown that aging
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enhanced the lipid peroxidation process, as inelicaly an increase in

the malondialdehyde (MDA) plasma levels in rats. Mixs a lipid
peroxidation derivative resulting from oxidation fatty acids such as
arachidonic acid. The increase in plasma MDA levelgccompanied by
an induction of lipid peroxide detoxification enzgm The effects of
MDA appeared to be mediated by superoxide aniohs.changes in the
blood prooxidant-antioxidant equilibrium with agentribute, at least
partly, to the impairment of the relaxant responseoked by
acetylcholine in the rat tail artery (Rodriguez-hitagz et al., 1998).
Thus, endothelial dysfunction is associated wittthb® decrease
NO and, in some arteries, EDHF-related relaxatiod an increase in
vasoconstriction by cyclooxygenase products, mathhpmboxane A
The increase in oxidative stress plays a role endhbleterious effect of
aging on the endothelium. This results not onlyimpairment of the
pathways leading to the production of relaxantdesctn the endothelium,
but also to the destruction of the biologicallyiaetNO. Indeed, reactive

oxygen specieper se can produce vasoconstriction.

Aging and inflammatory cytokines

Aging is associated with increased inflammatoryivagt in the
blood, including increased circulating levels omtur necrosis factor
(TNF)-a, interleukin (IL)-6, cytokine antagonists, acuteape proteins
and neopterin (Catania et al., 1997). Increasddnmhatory activity in
the elderly may reflect age-related pathologicacpsses (Ross, 1999).
For example, atherosclerosis is an age-relatecammflatory disease
reflected by secretion of cytokines such as T&FH.-1, IL-6 and

interferon-gamma (IFN) and the presence of large numbers of
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macrophages and activated CDZ cells within inflammatory

atherosclerotic plaques (Bruunsgaard et al., 2000).

TNF-a regulates NOS expression and/or activity, whicleresx
direct effects on NO production; for example, hunaamtic endothelial
cells treated with TNFe for 8 h had induced INOS mMRNA expression,
but down-regulated eNOS expression (MacNaul ancitioson, 1993).
Other studies have also shown that TiwBignificantly decreased eNOS
expression in endothelial cells (Goodwin et al.020Xia et al., 2006;
Zhang et al., 1997). Unlike eNOS, INOS is trandmipally regulated and
not normally produced in most cells. INOS-derivexhative nitrogen
species (RNS) initiate an ONOQ@peroxynitrite)-mediated mechanism
and therefore contribute to nitrative stress andgaim endothelial
function.

TNF-o. appears to decrease the bioavailability of NO by
diminishing the production of NO (Ahmad et al., 20@oodwin et al.,
2007; Greenberg et al., 1993; Picchi et al., 2006) ii) enhancing the
removal of NO (Gao et al., 2007). In addition toGB| other factors are
also involved in regulating NO production, othecttas are also involved
in regulating NO production, and one of those fectis a functional
citrulline/NO cycle (Goodwin et al., 2004; Hatteti al., 1994; Husson et
al., 2003; Xie et al., 2000). The citrulline/NO &yds regulated by ASS
(argininosuccinate syntase). NO is synthesized fileenconversion of L-
arginine into L-citrulline mediated by eNOS, and3\&atalyses the rate-
limiting step in the arginine regeneration througa citrulline/NO cycle
and appears to be co-ordinately regulated with eld@®ity (Oyadomari
et al., 2001).

Therefore, TNFe. reduces the production of NO through the

inhibition of enzyme activities of ASS and eNOSdaenhances the
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removal of NO through the increase in NADPH-depand®,

production to react with NO to form ONO@\s a consequence, TNE-
decreases the bioavailability of NO induce relaatf smooth muscle in
the vasculature. TNE-also diminishes epoxyeicosatrienoic acid (EETS),
one of the candidate endothelium-dependent hypampolg factors
(EDHFs), via the inhibition of cytochrome P450 (CYIB0) enzyme
activity (Figure 2.6) (Zhang et al., 2009).
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Figure 2.6Role of TNFe. on endothelial cell (Zhang et al., 2009)

Beside, TNFe is an early mediator of the acute-phase response
and involved in the production of chemokines, ILaBd C-reactive
protein (CRP) as well as the recruitment of leukesy during
inflammatory reactions. TNE-is also know to induce smooth muscle
proliferation and to increase adherence of leulexyd endothelial cells
by inducing the expression of cell adhesion moksduch as ICAM-1

and vascular cell adhesion molecule-1 (VCAM-1).tkemore, TNFa
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induces the expression of a wide range of cytokinasluding

chemokines an IL-6 by endothelial cells. TNFalso has an important
role in lipid metabolism by decreasing the activitly 7 o-hydroxylase
and lipoprotein lipase and by stimulating the liveroduction of

triglycerides (Bruunsgaard et al., 2000).

Genistein and endothelial function

The Food and Drug Administration (FDA) has approgebealth
claim for soy based on clinical trials and epiddogaal data indicating
that high soy consumption is associated with a tavgk& of CAD (1999).
According to Adlercreutz (1990) (Adlercreutz, 1996uggests that
populations that consume a high phytoestrogenhdieé a lower risk of
cardiovascular disease and cancer. The lower incelef cardiovascular
disease in Asian countries and in vegetarians stigffeat phytoestrogens
may be cardioprotective. Thus, phytoestrogens haseived widespread
attention over the past few years because of gutéential for preventing
some highly prevalent chronic diseases, includiagliovascular disease
(Cassidy and Griffin, 1999), osteoporosis (Setchrtl Lydeking-Olsen,
2003), and hormone-related cancers (Sarkar an200R). Genistein, the
primary soy-derived phytoestrogen, has various ogichl actions,
including a weak estrogenic effect (Kim et al., 8@nd inhibition of
tyrosine kinases (Nakashima et al., 1991). Studiemonstrate that
genistein has antiatherogenic effects and inhpndiferation of vascular
endothelial (Fotsis et al., 1995) and smooth muselis (Dubey et al.,
1999). Data from animal and vitro studies suggest a protective role of
genistein in the vasculature (Honore et al., 199apiotis et al., 1997;
Karamsetty et al., 2001; Kondo et al., 2002; Newtlal., 2002). Studies
investigating its effect on plasma lipid profilesosv either a moderate
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positive effect (Anthony et al., 1996; Clarksonaét 1998; Washburn

et al., 1999) or a neutral effect (Hodgson et 8998; Nestel et al.,
1997b). Some human intervention studies suggesnaficial effect on
atherosclerosis (Anthony et al., 1998), markerscafdiovascular risk
(van der Schouw et al., 2000), vasomotor tone (W@fakt al., 2001),
vascular endothelial function (Squadrito et al. 020 and systemic
arterial compliance (Nestel et al., 1997a). Gemisédso inhibits human
platelet aggregatiomn vitro (Dobrydneva et al., 2002; Gottstein et al.,
2003) and decreases TtHinduced monocyte chemoattractant protein-1
secretion in human vascular endothelial cells (et et al., 2003).

Genistein is a principal isoflavone found in soytalestrogen, and
it has structural similarity with B¢estradiol (Figure 2.7). The key to
understanding the health-protective potential gfisoflavones may have
been provided by Kuiper and colleagues, who firstaldished the
existence of a “novel” estrogen receptor, now kn@asrestrogen receptor
beta (ERB) to distinguish it from the “classical’ estrogesceptor for
alpha (ERe) (Kuiper et al., 1996; Kuiper and Gustafsson, )99hese
workers assessed the affinity of these receptora fange of xenobiotic
and phytochemical estrogenic compounds, includinge tsoy
isooflavones. The established that genistein hasispactivity for both
ER{3 and ERe, but that genistein’s affinity for ER-is considerably
greater (Kuiper et al., 1997; Kuiper et al., 1998).
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Figure 2.7 Structure of 1B-estradiol and genistein

Phytoestrogen shows many anti-atherogenic acsvittedecreases
cholesterol concentration (Wong et al., 1998), I®vblood pressure
(Lichtenstein, 1998) and increase HDL cholestetae( et al., 2002).
Genistein inhibits vascular smooth muscle cellifgcdtion (Dubey et al.,
1999), improves arterial compliance (Nestel et H97a; Walker et al.,
2001) and it has an antioxidant action (MurkieQ8,9vamakoshi et al.,
2000). Therefore, dietary phytoestrogen may inhiaiherosclerosis
through these actions. In addition, Liu et al (20@ported that genistein
had direct effects on eNOS activity in vascularahdlial cells, leading
to eNOS activation and nitric oxide syntheis (Liuak, 2004). According
to, Rathel et al (2005) assessed the human enddttell line EA.hy926,
which is a well-accepted human vitro model, treated with genistein.
They demonstrated that genistein could enhance M@uption from
endothelial cells after long-term administrationvitro (Rathel et al.,
2005)

Moreover, there has been well documented that naarsgpand
subsequent estrogen deprivation increase the fiskMD in women.
Before the menopause, women are at a decreasedorisKVD as
compared to men, with men having between 3.5 ahdidhes the risk
over women. Within 10 years, following menopause, ttisk of CVD in

women increases to a level similar to that seemam (Barrett-Connor,
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1994; Kafonek, 1994). Khemapech et al (2003) reqgbthat genistein
supplementation 0.25 mg/kgBW/day was also able dstore Ach-

induced endothelium-dependent vasodilatation irriegeomized Wistar

rat (Khemapech et al., 2003). In Table 2.1, ligtexperiments indicate

the effects of genistein supplementation on endialfanction.

Table 2.1Representative animal studies examining the effefct

genistein on endothelial function.

Author (s) Animal Treatment Treatment Result
model genistein duration
(mg/kgBW/day)

Squadrito etal. | OVX 0.20, sc 4 wks Prevent
2000 Sprague- endothelial
(Squadrito et Dawleys rats dysfunction
al., 2000)
Khemapech et | OVX Wistar 0.25, sc 4 wks Prevent
al. 2003 rats endothelial
(Khemapech et dysfunction
al., 2003)
Molsiri et al. OVX Wistar 0.25, sc 10 wks Prevent coronar
2004 rats endothelial
(Molsiri et al., dysfunction
2004)
Tang et al. 2005 | OVX 0.50, sc 6 wks Induced NO
(Tang et al., Sprague- metabolic
2005) Dawleys rats production
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Genistein and antioxidant

Vina et al. (2006) suggested that genistein ine@@dlse expression
of MNnSOD and this effect was abolished when cellsenncubated with
genistein and an inhibitor of the MAP kinase pathwBhey concluded
that the pathway through which genistein acts wease antioxidant
capacity in cells is via interaction with estrogeceptor(s)-activation of
MAP kinase activation and nuclear translocation NFkB-over-
expression of MNSOD and lowering of the intracaltuevels of oxidants
(Vina et al., 2006).

In addition, there is evidence that estrogen p&ysmportant role
in skeletal tissue in males as well as females.éival. (2003) examined
whether both interventions (exercise and genistdministration) exhibit
cooperative effects on bone loss in androgen-asficmice similar to
those in estrogen-deficient mice. They demonstrétet the combined
intervention of moderate exercise and genisteinimidtration shows an
additive effect in preventing bone loss in orchidetdzed (ORX) mice

similar to that in ovariectomized mice (Wu et 2D03).

Exercise and endothelial function

Aging is linked with dysfunction of endotheliumhet inner lining
of the body's blood vessels, which plays a majée no maintaining a
healthy circulation, and exercise is known to inyeroendothelial
function. A lack of exercise (sedentary lifestydg@nerally is considered a
risk factor for atherosclerosis independent ohegative effects on body
weight, blood pressure, and serum lipid values g§da et al., 1996). So
iImportant has physical activity and exercise comebé regarded in
maintaining cardiovascular integrity that the Aman Heart Association
has issued a position statement on its benefieddliér et al., 1996). The

statement affirms that physical inactivity is aageized risk factor for
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coronary artery disease and has been relatedreas®ed cardiovascular

mortality. Hornig et al., 1996, has pointed out ttiaronic immobilization
or lack of adequate physical activity, whether bpice or as a result of
disease, may be associated with reduced exprestiN® synthase and
thereby decreased synthesis of NO (Hornig et 8861

Several animal and human studies have demonstrededed NO
activity with aging (Dohi et al., 1995; Dohi et,a990; Matsushita et al.,
2001; Taddei et al., 1997). Basal release of emdiatn-derived NO
decreased with age in vitro studies (Tschudi et al., 1996). Aging is also
associated with reduced endothelium-dependentatdaxin response to
vasoactive substances such as acetylcholine, hrstar adenosine
(Dohi et al., 1995). Tanabe et al. (2003) showext the expression of
eNOS mRNA and eNOS protein in the aorta was maykkeaVer in the
sedentary-aged group compared with the sedentanygyogroup,
suggesting that eNOS production in the aorta isredsed by aging
(Tanabe et al., 2003). This is in concordance wé&ta from other groups
indicating that NO activity decreases with age (Dethal., 1995; Dohi et
al., 1990; Matsushita et al., 2001; Taddei et H97). Therefore, it is
considered that the aging-induced reduction of eNfD&luction may
cause loss of endothelial function.

Because aging has been reported to produce impairnme
endothelial function, and exercise training hasnbesported to produce
an alteration in the function of vascular endotietells. Recent studies
indicated that, in response to exercise training,adéiernation in the
function of vascular endothelial and smooth muselés occurs (Delp et
al., 1993; Edwards et al., 1985; Rogers et al.119%ang et al., 1993). In
addition, exercise training has been reported talyce an alteration in
the function of vascular endothelial cells (Delpakt 1993). In previous
study, it has been reported that the plasma ritiitate (NOXx), the stable
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end-product of NO, concentration significantly isased after exercise

training for 8 weeks in healthy young humans (Maetal., 2001). In an
animal study, Sessa et al. (1994) reported thateseetraining increased
the expression of NOS mRNA in young dog aorta (edsal., 1994).
Furthermore, Delp and Laughlin (1997) demonstréted, in the aorta of
young rats, the expression of NOS protein increashael to exercise
training (Delp and Laughlin, 1997). Tanabe et 2aD03) demonstrated
that, in the aorta of aged rats, the productioeNOS was increased by
exercise training. Therefore, they suggested thatnmiing training (5
day/wk, 90 min/day, 8 wk) in aged rats may imprewelothelial function
in part through upregulation of the NO system (Tan&t al., 2003).
Moreover, Leosco et al. (2003) showed that age imgaadrenergic
receptor B-AR) vasorelaxation in rat carotid arteries througtAR
downregulation and desensitization. But, swimmirgreise (5 day/wk,
40 min/day, 6 wk) restores this response and revege-related
modification in3-ARs (Leosco et al., 2003). Furthermore, Hambretht
al. (2003) indicated that exercise training impsoesdothelial function
in vivo by up-regulating eNOS protein and by increasedgsphorylation
of this enzyme (Hambrecht et al., 2003). In additicegular exercise
simultaneously induces the up-regulation not orfleOS but also of
superoxide dismutase (SOD) expression (Fukai e2@0D0).

Effect of exercise on cytokines

Moreover, Keller et al (2004) found that exerciselikely to
suppress TNFe: also via IL-6-independent pathways, as demonstiaye
the finding of a modest decrease of TNFafter exercise in IL-6
knockout mice (Keller et al., 2004). In additiofmranic exercise appears

to suppress pro-inflammatory factors, such as BNEPR and IL-6 and
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augment anti-inflammatory factors, including IL14;10, transforming

growth factorp (TGF{3) and adiponectin, even though these results
showed discrepancies according to the modes, ityearsd time duration
of exercise (Bruunsgaard, 2005; Das, 2004).

Depend upon these beneficial effects of genisteid exercise
training, therefore, it brings to our interest t@mine whether genistein

and exercise training can improve age-induced démtiat dysfunction.
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The Figure 2.8 shown diagram that indicated theceptual

framework of this study.

Aging
? - ?
) <lll
E""> Oxidative stress Proinflammatory
| RUS Hormonal cytokines
l changes
Testosterone TTNF-oc, IL-6, etc.
Aromatase
l Estrogen

. o eNOS
I ) lNO bioavailability <:| L-arginine

: Genistein G+ eNOS
S L SO uncoupling < ROS

Endothelial dysfunction

Cardiovascular diseases

Figure 2.8 The conceptual framework showed that aging involvede main parts
which were composed of hormonal, oxidative stressimmune system.
All of them decline NO bioavailability and resulginin endothelial
dysfunctionand cardiovascular diseases.



CHAPTER I

MATERIALS AND METHODS

Animal preparation

The present study was conducted in accordancetietuidelines
for animal experimentation of the National Reseatdluncil of Thailand
and approved by Ethical Committee, Faculty of Medic Chulalongkorn
University.

In this study, male Wistar rats were separated ydong (4-6
months), adult (12-15 months) and aged (20-22 ng)nifhese animals
which age 2 months were obtained from National latoosy Animal
Center, Salaya Campus, Nakhonprathom, Thailand, handed in the
animal laboratory center at Faculty of Medicine, u@ongkorn
University until used. The rats were fed standandw and drank tap
water ad libitum under the controlled temperature,”@5 and a 12:12-
light-dark cycle until them age 4-6 months, 12-16nths and 20-22
months.

The adult rats were randoméjvided into five groups: adult rats
treated with corn oil (Adult+Veh, (n=6)), adult sareated with genistein
(Adult+Gen, (n=6); 0.25 mg/kg BW/day, s.c.) (Kheraap et al., 2003),
adult rats without exercise training (Adult+Withdtx, (n=6)), adult rats
with exercise training (Adult+Ex, (n=6)), and adult treated with
combination of genistein and exercise training (l&ke@en+EXx, (n=6)).

In the same manner as adult rats, the old rats wamdomly
divided into five groups: aged rats treated withrncoil (Aged+Veh,
(n=6)), aged rats treated with genistein (Aged+Q3anrp); 0.25 mg/kg
BW/day, s.c.), aged rats without exercise trainjAgied+Without-EXx,
(n=6)), aged rats with exercise training (Aged+kx:6)), and aged rat
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treated with combination of genistein and exercig@ining

(Aged+Gen+EX, (n=6)).

Genistein supplementation

In control group, the rat were subcutaneously éeatith vehicle
(corn oil 100ul/day; Sigma-Aldrich Co., USA). The genistein groups
subcutaneously treated with 0.25 mg/kgBW/day ofigiem (Sigma-
Aldrich Co., USA) for 8 weeks. This study using teame dose of
genistein that can prevent endothelial dysfunctionovariectomized
Wistar rats (Khemapech et al., 2003; Molsiri et 2004).

Exercise training protocol

In exercise groups (Adult+Ex and Aged+Ex), the sming
exercise training protocol was conducted in 2 phaselaptation and
training. The adaptation phase consisted of tis¢ Sirdays of training. On
the first day, the animals exercised in the roulast tank (diameter=
38.5 cm, depth= 35 cm, water temperature about 63€)3 for 10
minutes. The exercise period was extended by 1@itesneach day until
the rats were swimming for 40 minutes. The trainpfgse consisted of
40 min/day, 5 days/week for 8 weeks (Leosco et28l03). Swimming
exercise has been used in this study becausss the advantage of not
causing foot injuries, and causes less physicedlynatic to the animal.
In  Adult+Without-Ex and Aged+Without-Ex groups, theat were
immersedn water as to make them wet for 30 min/day, 5 \@agkfor 8
weeks (Leosco et al., 2003)he rat were performed to swim or immerse

at the same time through experimental study.



Experimental protocol

On week 8, all rats were anesthetized

28

intraperétyevith 50

mg/kg BW pentobarbital sodium. After a tracheotoraypolyethylene
tube was inserted into the carotid artery to measamterial blood

pressure. The jugular vein was cannulated for @socence tracer.

The present study was composed of two experimpnbébcols:

Male Wistar rats
n=18
(n=6/group)

|

Experimental protocol 1: To study the effect of age on endothelial
function, testosterone, oxidative stress and plemmiatory cytokine
(Figure 3.1).

| '

Young rats Adult+Sedentary rats
(4-6 months) (12-15 months)

| '

|

Aged rats+Sedentary
(20-22 months)

|

v v

Physiological Vascular responses

- FITC-dextran
(response to NE TOM:
Ach 10° M/SNP 10° M)

- Direct detection of

characteristics
Mean arterial blood
pressure (MAP)
Body weight (BW)
Testosterone NO production
Seminal vesicle (DAF-2DA)
weight/BW ratio

Heart weight/BW

ratio

v

Biochemical parameters
TNF-a
MDA

Figure 3.1The experimental design was conducted in ordstudy effect of age

on endothelial function, testosterone, oxidativesst and TNFex
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Experimental protocol 2: To study the effects of genistein and

exercise training on age-induced endothelial dydfan, testosterone,

oxidative stress and proinflammatory cytokine (Fe8.2).

Wistar male rats
n = 60 (6/group)
|

| |

Adult rats Aged rats
(12-15 months) (20-22 months)

|
v | | v '

Veh Gen Without-Ex Ex Gen + Ex
(corn oil 100 (0.25 (immerged in the (swimming
ul/day, s.c.) mg/kgBW/day water 40 min/day,
s.c.) 30 min/day, 5 days/wk)
5 days/wk)

o _/
Y

8 weeks
Physiot)gical characteristics Vascilar responses Biochemlical parameters
Mean arterial blood - FITC-dextran - TNF-a
pressure (MAP) (response to NE TOM: - MDA
Body weight (BW) Ach 10° M/SNP 10° M)
Serum testosterone - Direct detection of
Seminal vesicle NO production
weight/BW ratio (DAF-2DA)

Heart weight/BW ratio

Figure 3.2The experimental design was conducted in ordstudy effects of
genistein and exercise training on age-induced thetlal dysfunction,

testosterone, oxidative stress and TiF-
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These experimental protocols were separately pwddr as

followed:

Physiological characteristics

In the present study, the physiological charadiesis were
determined including: mean arterial blood presgAP), body weight
(BW), heart weight/BW ratio and seminal vesicle gi#BW ratio.
Arterial pressure was measured via a canular edarito the carotid
artery by using Polygraph system (Nikon Koden, dapairterial
pressure was reported in terms of mean arteriaddbloressure (MAP)
calculated by MAP = 1/3 (systolic blood pressurediastolic blood
pressure).

At the end of experiment, the arterial blood watherawn from
abdominal aorta. Testosterone level was determiisety ECL method
by Bangkok RIA lab Co, Ltd.

Study of cremasteric microcirculation
In vivo microcirculatory observations were performed in the

cremaster muscle according to the methods deschige@avins et al.
(2004). Briefly, the cremaster muscle was carefully spreagr a
chamber that was continuously perfused with 37°€bk+Ringer buffer
(composition in mmol/L: 135.7 NaCl, 4.7 KCI, 2.52C},, 1.18 KHPQ,,
1.64 MgSQ.7H,0O, and 7.14 NaHC¥{ at pH 7.4 and equilibrated with
5%C0O-95%N,.. The rate of perfusion was kept constant at 2nml
(Gavins and Chatterjee, 2004). The study of miccodation comprised
of arteriolar response to vasodilators (acetylet®liand sodium

nitroprusside) and direct detection of NO produttio
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Arteriolar response to acetylcholine and sodium nitroprusside

The second or third-order cremasteric arteriolds t@ 35 um in
diameter) were labeled with 5% fluorescein isothaate-labeled
dextran (FITC-dextran 250, pg/ml; Sigma-Aldrich Co., USA) which
was injected into the jugular vein. After the adkys were pre-
constricted with norepinephrine (I NE; 0.1 ml/min), it was later
dilated by applying acetylcholine (#®1 Ach; 5 ml/5 min) topically
(Figure 3.3). Under the same protocol, after thtermle was selected
washed by Krebs—Ringer solution (pH 7.4) untildiameter was return
to normal. The sodium nitroprusside (SNP:>MO 5 ml/5 min), an
endothelium-independent vasodilator, was appliedicadly on the
arterioles after pre-constricted with NE (Figuré)3.

The changes of vascular diameters were recordet time
throughout the experiment with a black and whi@ewei monitor (Sony,
GM-1411 QM) and an epi-illumination fluorescenceleomicroscopy
system (Optiphot 2, Nikon, Japan) equipped wittD@ XV mercury lamp,
real time CCD camera (Hamamatsu C2400, Japanjiea vecorder (VC-
S5, Sharp, Japan) with a video timer (VTG-33, FordApan) and a 20x
objective lens (CF Plan Fluor, Nikon, Japan). Cratewc arteriolar
diameter was measured by using the software (InragePlus; Media
Cybernatics, Inc, USA). The arteriolar diameter weaculated by
averaging three measurements obtained from thfesaft video frames
using the same reference point as a marker for umiegseach vessel in
each frame (Figure 3.5; Equation 1). Arteriolamaiders were measured
for five minutes after Ach or SNP administration.asédilatation
responses were expressed as the percentage of ahariaxation after
norepinephrine (NE; ItM) preconstriction (Equation 2).
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NE 10°M  Ach 10°M

S

Equilibration period| 1 min 5 min

T T

Captured images Captured images

Figure 3.3 Schematic diagram for assessment arteriolar resgon&ch

NE 10°M SNP 10°M

e

Washed out period| 1 min 5 min

T T

Captured images Captured images

Figure 3.4 Schematic diagram for assessment arteriolar resgorSNP

Frame 1;t=00:00:01 Frame 2: t = 00:00:02 Frame 3; t= 00:00:03

Figure 3.5Method for measurement of arteriolar diameter ya@ongskul, 2000)
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As shown in Figure 3.4, the arteriolar diameter wesmsured as

followed by;
: X4, Y1 Or * where the reference position is locatedatvibesel
branch
. X, Yo Where the diameter was measured
The diameter (d) was obtained by averaging diametethree frames:
d = (ab+c)/3....ccenenil . (Equation 1)

The percentage of arteriolar diameter was caladldtem the
difference between diameter at 1 min after topycapplication with NE
(d;) and diameter at 5 min after the application afhesasodilator (g
(Jariyapongskul, 2000; Chakraphan, 2002; Sridulyald007). The

changes of arteriolar diameters were calculategigduation 2.

% changes of arteriolar diameter =,}(#)/d;]x100............ (Equation 2)

Direct detection of NO production

On the experiment day, the cremaster microcircudativas
observed under intravital fluorescent video micopsc with a 20x
objective lens and a 10x eyepieces. To visualizerawascular
distribution of NO, diaminofluorescein-2 (DAF-2D&ayman Chemical
Company, Michigan, USA), a NO-sensitive fluoroprobas used. After
the cremaster was superfused with Krebs-Ringer madfesolution
containing 3uM DAF-2DA and 10°M Ach, NO levels from Ach-
activated endothelial cells were analyzed at twieint time pointsD
min (lo min) @and 20 min @ mi) (Kashiwagi et al., 2002; Sridulyakul et al.,
2008) (Figure 3.6; Equation 3).
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DAF-2DA solution

/

Equilibration period 20 min
Captured images Captured images
(0 min) (20 min)

Figure 3.6 Schematic diagram for assessment NO production

DAF-2DA can readily enter the cells and hydrolydsdcytosolic
esterase to DAF-2, which is trapped inside thescelh thepresence of
NO, the relatively non-fluorescent DARgconverted into a highly green
fluorescent triazole fornDAF-2T (shown in diagram below). Thus the
increases in DAF-2T fluorescent intensity represainthe cremasteric
microcirculationwould indicate an elevation of nitric oxide havibg an
excitation and emission wavelengths of 488 and B38 respectively
(Kashiwagi et al., 2002; Kojima et al., 1998; Mdtata et al., 2006).

Esterase
DAF-2DA ——> DAF-2 + NO—— DAF-2T
Non-fluorescent Triazolofluorescein

The cremasteric microcirculation was epi-illuminateaving an
excitation wavelength of 488 nm amdnissionwavelengthof 538 nm.
The microscopic field containing arterioles (1536 um in diameter)
sharing the same focusing plane were selected ecwtded for further
analysis using Image Pro-Plus V. 5 software (Me@Qydernatics, Inc,
USA). From fourteen smallworking window frames (7x3um’ each

window), the fluorescent intensity of each arteriolar wesc wall was
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averaged(Figure 3.7).Assuming that DAF-2T intensity is linearly

related to the intracellular NO content, the ddfece in fluorescent
intensity betweenly nin and I, min Was calculated according to the
following equation and represented as the peroenéase in NO released

during the first 20 minutes

% changes of NO-associated fluorescent intensity
= [£6 mirr 1o min)/ lominl X 200.....ovviinnnin. (Equation 3)

Figure 3.7 A videoimage of NO-associated fluorescent intengiyen from
cremasteric arteriole of a young rat by using 20bjective lenses.
From 14 frames of working windows, the Histogramndean Image
Program Software was used to define the mean \@idkiorescent
intensity of each window, and then the averagecnsity was
calculated for all 14 small working window framég&3 um?® each

window).
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Biochemical parameters

At the end of microcirculation experiment, the lhdosample of
each rat was collected for testosterone, TiNFevel determination and
then collected the liver for malondialdehyde (MDA)yaluation as
followed:

1. The testosterone level was analyzed from serumguB&GL
method by Bangkok RIA Lab Co., Ltd.

2. In order to evaluate serum TNFE-concentrations, blood
samples were collected in polypropylene tubesesibroom temperature
for 2 hour and then centrifugation at 3,000 rpn#& for 20 minutes,
each sample was stored at2@Quntil analysis. To measurement of TNF-
o in serum a commercially available ELISA-Kit (R&DySems, USA)
was used. The results were calculated from a stdndarve and
expressed in optical density (OD) and picogramshuHititer (pg/ml).

3. Immediately after collected the blood, the liverswaerfused
with ice-cold phosphate buffer saline (PBS); pH @&ntl then the liver
was immediately excised. Subsequently, fat anddibrtissues on the
isolated liver were removed before weighing. Theriwas kept at -8C
for later malondialdehyde (MDA) analyses using thiebarbituric acid

reaction as described by Ohkawa et al., 1979.

Statistical analyses

Data are expressed as mearfSD. For comparison among groups
of animals, one-way analysis of variance (one-w&ONVA) and a two-
sided alphdevel of 0.05 adjusted by Tukey’'s procedure for tipié

comparisons were useé<0.05 were considered statistically significant.



CHAPTER IV

RESULTS

This chapter was composed of two major parts siilte which
were: 1) the effect of age on endothelial functiaestosterone, oxidative
stress and proinflammatory cytokine and 2) thectdf@f genistein and
exercise training on age-induced endothelial dystfan, testosterone,

oxidative stress and proinflammatory cytokine.

4.1 The effect of age on endothelial function, testéterone, oxidative
stress and proinflammatory cytokine.

4.1.1 Physiological characteristics

In Table 4.1 mean arterial pressure (MAP), theltesihowed that
there were no significant difference between yoand Adult+Sedentary
group (122.77+x4.28 mmHg and 127.82+8.35 mmHg, r&spy).
However, it seems to incline the MAP value in Adg@edentary group.
On the other hand, MAP value for Aged+Sedentary sigsificantly
higher than the young group (142.84+16.30 mmHg &8d.77+4.28
mmHg, respectively)R<0.01).

Body weight of Adult+Sedentary and Aged+Sedentargrew
significantly higher than young group (696.67+61h4662.00+49.70 ¢
and 481.78+18.22 g, respectiveliP<0.05).

The testosterone level, the results showed thate theas no
significant difference between young and Adult+S#ds group
(2.21£1.24 ng/mL and 1.51+0.56 ng/mL, respectivelfowever, it
appears to decline the testosterone level in A@dtientary group. In

contrast, the testosterone level of Aged+Sedenteag significantly
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lower than the young group (0.60£0.59 ng/mL andL21224 ng/mL,

respectively) P<0.01) (Table 4.1 and Figure 4.1).

Heart weight/body weight ratio of Adult+Sedentarynda
Aged+Sedentary were significantly lower than yogngup (Table 4.1)
(P<0.05). It might be resulting from age effect. Teeminal vesicle
weight/BW ratio of Adult+Sedentary and Aged+Sedgntavere
significantly lower than the young group (Table)4.1

4.1.2 Arteriolar response to acetylcholine (Ach) ashsodium
nitroprusside (SNP)

As shown in Table 4.2 and Figure 4.2, arterioldatdtion to Ach
was significantly impaired in Aged+Sedentary (12288%) when it
was compared to the young (27.1145.14%) and Adeltte8tary
(24.86%9.22%) group$>0.01 andP<0.05, respectively).

To ensure that impairment of arteriolar dilatationAch did not
interfere with the function of the smooth muscldés;ehe vasodilatory
response to endothelium-independent vasodilatatras examined by
using SNP (10M). The results showed that there was no significan
difference among the young (24.41+4.89%), Adult+3edry
(26.13£7.10%) and Aged+Sedentary (25.05+6.37%) ggo{fable 4.2
and Figure 4.2).

4.1.3 Direct detection of NO production

The NO production of Adult+Sedentary (61.68+8.68%ind
Aged+Sedentary (47.83+16.53%) group were signiflgaamitenuated as
compared with young (85.27+13.49%) group<Q.05 and P<0.01,
respectively) (Table 4.3 and Figure 4.3).
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4.1.4 Proinflammatory cytokine

As showed in Table 4.4 and Figure 4.4, the Td\NHRevel of
Adult+Sedentary (12.54+9.44 pg/mL) was as samecasy (13.42+5.91
pg/mL) group. However, the TN&- level of Aged+Sedentary
(39.50£14.02 pg/mL) was significantly increasedcampared to young
group P<0.01). Likewise, the TNl level of Aged+Sedentary was
significantly increased as compared to Adult+Sealgnt(12.54+9.44
pg/mL) group P<0.01).

4.1.5 Levels of liver malondialdehyde

The MDA level, the indicator of oxidative stressor f
Aged+Sedentary was significantly increased when paoed to the
young group (3.69+0.54mol/g wet weight and 2.4P.48 pmol/g wet
weight, respectively)H<0.05) (Table 4.5 and Figure 4.5).

) 4 T
- y =-0.1081x + 2.9335
E 3.51 *
= . R?=0.601
£ 37
0 25- :
Q
o 27 s
S $
E 1.5 1 s
2 1
k73] *
3 0.51
0 I T 1
Young Adult+Sedentary Aged+Sedentary

Figure 4.1 Effect of age-induced decline the testosteronelleVee correlations
between age and testosterone level were examinedibyg Pearson’s
Correlation and the best-fitting linear regressidil.data were taken
from values of each group: young, Adult+Sedentarynd a
Aged+Sedentary (Pearson’s correlation=0.60, P<0.01).
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Table 4.1 Mean arterial blood pressure (MAP) value, bodyghei(BW), testosterone level, seminal vesicle weiBW

ratio and heart weight/BW ratio were demonstrated/bung, Adult+Sedentary and Aged+Sedentary groups

Group MAP (mmHgQ) Body weight (g) Testosterone Seminal vesicle Heart weight/BW
(ng/mL) weight/BW ratio ratio
Young 122.77+4.28 481.78+18.22 2.21+1.24 0.0044+0.0007 0.0032+0.0003
Adult+Sedentary  127.82+8.3%°  696.67+61.54 1.51+0.56" 0.0033+0.0003  0.0028+0.0002
Aged+Sedentary 142.84+16.30  662.00+49.70 0.60+0.59 0.0029+0.0009 0.0029+0.0003

Values are mean+SD (n=6)

"P<0.05 compared to young groupP<0.01 compared to young grou}s,not significant difference as compared to youngigro
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Table 4.2The percentage of increase in arteriolar diameateiisced by

Ach and SNP for young, Adult+Sedentary and

Aged+Sedentary groups.
Group % changes of arteriolar diameters
Ach SNP
Young 27.11+5.14 24.41+4.89
Adult+Sedentary 24.86+9.2%5 26.13+7.16°
Aged+Sedentary 12.28+2.78 25.05+6.3%°

Values are mean+SD (n=6)
“P<0.01 compared to young grouf?<0.05 compared to Adult+Sedentary

group,™®not significant difference as compared to youngigro

40 1

NS
35 - NS

= 1 ] i

25 1

O Ach

w* H O SNF
15 1 T

20 1

10 A
5 A

Percent change of arteriolar diameter

Young Adult+Sedentary Aged+Sedentary

Figure 4.2 The percentage of increase in arteriolar diaménteisced by Ach and

SNP for young, Adult+Sedentary and Aged+Sedenteoyus

Values are mean+SD (n=6)

“P<0.01 compared to young group’P<0.05 compared to
Adult+Sedentary group)® not significant difference as compared to
young group.



42
Table 4.3 The percentage change of NO-associated fluorescent

intensity for young, Adult+Sedentary and Aged+Seaign

groups.
Group % changes of NO-associated
fluorescent intensity
Young 85.27+13.49
Adult+Sedentary 61.68+8.68
Aged+Sedentary 47.83+16.53

Values are meanzSD (n=6)

"P<0.05 compared to young groupP<0.01 compared to young group.

120 A

100 A
|

80 1 *

*%

60 1

40 A

fluorescent intensity

20 1

Percent changes of NO-associated

Young Adult+Sedentary Aged+Sedentary

Figure 4.3 The percentage change of NO-associated fluorestentsity
for young, Adult+Sedentary and Aged+Sedentary ggou
Values are mean+SD (n=6)

"P<0.05 compared to young groupP<0.01 compared to young
group.
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Table 4.4TNFa level was shown for young, Adult+Sedentary and

Aged+Sedentary groups.
Group TNF-a level (pg/mL)
Young 13.42+5.91
Adult+Sedentary 12.54+9 .42
Aged+Sedentary 39.50+14.0%"

Values are meanzSD (n=6)
“P<0.01 compared to young groufP<0.01 compared to Adult+Sedentary

group,“°not significant difference as compared to young.

60 - ¥ un

50 A
40 A

30 1
NS

20 T [
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TNF-alpha level (pg/mL)

Young Adult+Sedentary Aged+Sedentary

Figure 4.4TNF-a level for young, Adult+Sedentary and Aged+Sedsngaoups
Values are mean+SD (n=6)
“P<0.01 compared to young group!”P<0.01 compared to
Adult+Sedentary group)® not significant difference as compared to

young.
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Table 4.5MDA level was shown for young and Aged+Sedentary

groups.

Group MDA level of liver (umol/g wet wt.)
Young 2.42+0.48
Aged+Sedentary 3.69+0.54*

Values are meantSD (n=5)

"P<0.05 compared to young group.

S 4.5 -
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2 3.5 1
g 3-
= 251 [
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Q
g 0.5 1
s O T
Young Aged+Sedentary

Figure 4.5MDA level for young and Aged+Sedentary groups
Values are meantSD (n=5)

"P<0.05 compared to young group.
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4.2 The effects of genistein and exercise trainingn age-induced

endothelial dysfunction, testosterone, oxidative s#ss and
proinflammatory cytokine.

4.2.1 Physiological characteristics

The MAP of Adult treated with genistein, exercisenda
combination with genistein and exercise, there wece significant
different among all groups of rats. Neverthelelsré¢ was a tendency to
attenuate the MAP in adult-treated group when coegp&o aged-match
control group (Table 4.6). There was no significdifiterent among all
group of rats for body weight and heart weight/B&tia. In adult treated
with genistein, exercise and combination with gemms and exercise
training had no effect on hormonal change, semeaslicle weight/BW
ratio and heart weight/BW ratio (Table 4.6).

Interestingly, MAP from aged treated with genisteixercise and
combination with genistein and exercise (Aged+GdrR4(262.29
mmHg), Aged+Ex (122.6.95 mmHg) and Aged+Gen+Ex
(125.13+11.67 mmHg)) groups reduced significantligew they were
compared to their age-matched control (Aged+Velb @2+5.73 mmHQ)
and Aged+Without-Ex groups (143.81+16.68 mmHBX({.01, P<0.01
and P<0.05, respectively). Body weight of Aged+Ex (618x88.61 Q)
and Aged+Gen+Ex (618.20+£73.56 g) groups were sagmfly lower
than Aged+Without-Ex (728.33+50.37 g) grol§<0.05).

Genistein supplementation showed no effects on tastosterone
level and the ratio of seminal vesicle /body weidhtaddition, exercise
training had no effect on hormonal change. Howeweged+Ex and
Aged+Gen+Ex groups, the ratio of seminal vesicléybaveight were
significantly higher than the Aged+Without-Ex groufP<0.05).
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Moreover, heart weight/BW ratio of Aged+Gen+Ex vggnificantly

higher than Aged+Veh group<€0.05) (Table 4.7).

4.2.2 Arteriolar response to acetylcholine (Ach) ah sodium
nitroprusside (SNP)

Both the dilatory responses of the arterioles ttn Aad SNP of
adult treated with genistein, exercise and comhmnatith genistein and
exercise, there were no significant different amatiggroups of rats,
(Table 4.8, Figure 4.6 and 4.7).

The results showed that, the dilatory responsdlefirterioles to
Ach significantly increased in Aged+Gen (26.87+P94 Aged+Ex
(31.02+4.11%) and Aged+Gen+Ex (30.02+12.14%) groupben
compared to their age-matched contrd?’<(.05, P<0.01 andP<0.01
respectively). However, there was no significanffedence in the
percentage changes of arteriolar diameters to $h#@ all group of rats
(Table 4.9, Figure 4.8 and 4.9).

4.2.3 Direct detection of NO production

The results showed that there was no significaifiéréint between
Adult+Gen and Adult+Veh group (78.63£22.52% and5%%17.11%,
respectively). Interestingly, the NO production @&dult+Ex was
significantly increased as compared to Adult+WithBM group
(98.62+4.70% and 63.63+13.15%, respectively). H®avethere was no
different between Adult+Gen+Ex and their aged-madchontrol group
(76.184+8.95%, 59.51+17.11% and 63.63+13.15%, rdbmby) (Table
4.10 and Figure 4.10).

Interestingly, the NO production, in Aged+Gen (B497.05%),
Aged+Ex (76.34+17.82%) and Aged+Gen+Ex (70.22+1%09roups
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had a significant enhancement of the NO level wtmmnpared to their

age-matched controls (Aged+Veh and Aged+Without-ERx0.0],
P<0.01 andP<0.05, respectively). It is noted that genisteid axercise
training could enhance NO bioavailability in agirags (Table 4.11 and
Figure 4.11).

4.2.4 Proinflammatory cytokine

There was no significant difference in the TMHevel among all
group of adult rats (Table 4.12 and Figure 4.12).

Table 4.13 and Figure 4.13 showed that, the BN$ignificantly
decreased in Aged+Gen (11.16+£5.68 pg/mL), Aged+E440+11.03
pg/mL) and Aged+Gen+Ex (10.25+5.91 pg/mL) groupemwlkcompared
to their age-matched controB<0.01,P<0.05 andP<0.01 respectively).

4.2.5 Levels of liver malondialdehyde

Interestingly, the MDA levels of three treated greuAged+Gen
(2.53t0.59 pumol/g liver wet weight), Aged+Ex (28149 umol/g liver
wet weight) and Aged+Gen+Ex (24829 umol/g liver wet weight),
were significantly decreased when compared to tlage-matched
controls P<0.05) (Table 4.14, Figure 4.14).

In Figure 4.15, linear regression was performecestablish the
relationship between the Ach-induced increaseteriatar diameters and
the percent increased in NO-associated fluoresogensity for the
Aged+Veh, Aged+Gen, Aged+Without-Ex, Aged+Ex ancedgGen+EXx
groups. The linear equation obtained was: y = G427 2.0966, R
=0.82, P<0.01), where x is the mean of NO-associated floest

Intensity and y is the mean percentage of dianufiange.
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Table 4.6 Mean arterial blood pressure (MAP) value, bodyghe(BW), testosterone level, seminal vesicle/Baia and
heart weight/BW ratio were demonstrated for Adukhy Adult+Gen, Adult+Without-Ex, Adult+Ex and
Adult+Gen+EXx groups.

Group MAP (mmHg) Body weight (g) Testosterone Seminal vesicle Heart weight/BW
(ng/mL) weight/BW ratio ratio

Adult+Veh 129.23+6.27 745.00458.22 1.60+0.94 0.0028+0.0003 002%+0.0001

Adult+Gen 126.01+10.3%°  710.00+55.88° 1.51+0.1%° 0.0032+0.0007°  0.0029+0.000%°

Adult+Without-Ex 129.22+5.06 686.00+44.19 1.47+0.53 0.0034+0.0004 0026x0.0006

Adult+Ex 123.64+5.74°  678.00+24.90° 1.59+0.70/° 0.0041+0.001°  0.0027+0.000%°

Adult+Gen+Ex 122.50+6.58°  678.33+54.1%° 2.01+0.19° 0.0036+0.0007°  0.0027+0.000%°

Values are meanzSD (n=6)

NS hot significant difference as compared to Adult+\éeAdult+Without-Ex groups.
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Table 4.7 Mean arterial blood pressure (MAP) value, bodyghe(BW), testosterone level, seminal vesicle/B\tiorand
heart weight/BW ratio were demonstrated for AgeditVAged+Gen, Aged+Without-Ex, Aged+Ex and

Aged+Gen+EXx groups.

Group MAP (mmHg) Body weight (g) Testosterone Seminal vesicle Heart weight/BW
(ng/mL) weight/BW ratio ratio
Aged+Veh 145574573  715.00£37.28 0.66+0.67 0.0021%0.0007 0.0029+0.0004
Aged+Gen 124.26+2.24  670.00+10.9%° 1.02+0.71V° 0.0036+0.001%°  0.0033+0.000%°
Aged+Without-Ex ~ 143.81+16.68  728.33x50.37  0.77:0.79 0.002240.0013  0.0032+0.0004
Aged+Ex 122.74+5.95  610.68+88.61 0.36:0.79' 0.0040+0.0004  0.0035+0.000%

Aged+Gen+Ex  125.13+11.67" 618.20+73.56 1.35t0.67"° 0.0039+0.0004"  0.0038+0.0006

Values are mean+SD (n=6)
*P<0.05 compared to Aged+Veh grouffP<0.01 compared to Aged+Veh group<0.05 compared to Aged+Without-Ex groupP<0.01

compared to Aged+Without-Ex group not significant difference as compared to Aged+9ehged+Without-Ex groups.
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Table 4.8The percentage of increase in arteriolar diameteiisced by

Ach and SNP for Adult+Veh, Adult+Gen, Adult+Withebdk, Adult+Ex
and Adult+Gen+Ex groups.

Group % changes of arteriolar diameters
Ach SNP
Adult+Veh 26.72+10.30 29.3545.07
Adult+Gen 24.95+5.2% 21.82+5.84°
Adult+Without-Ex 23.82+8.07 22.4045.91
Adult+Ex 30.93+3.40° 23.23+6.68°
Adult+Gen+Ex 32.00+6.8F 29.77+5.75°

Values are meanzSD (n=6)
NS ot significant difference as compared to Adult+\éetAdult+Without-Ex groups.
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Figure 4.6 The percentage of increase in arteriolar diaméneisced by Ach for
Adult+Veh, Adult+Gen, Adult+Without-Ex, Adult+Ex an
Adult+Gen+EXx groups.
Values are mean+SD (n=6)
NS not significant difference as compared to Adult+Vebr

Adult+Without-Ex groups.
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Figure 4.7 The percentage of increase in arteriolar diaméneisced by SNP for
Adult+Veh,  Adult+Gen,  Adult+Without-Ex,  Adult+Ex  dn
Adult+Gen+EXx groups.

Values are meanzSD (n=6)
NS not significant difference as compared to Adult+Vebr

Adult+Without-Ex groups.
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Table 4.9The percentage of increase in arteriolar diameteiisced by

Ach and SNP for Aged+Veh, Aged+Gen, Aged+Without-Ex
Aged+Ex and Aged+Gen+Ex groups.

Group % changes of arteriolar diameters
Ach SNP
Aged+Veh 12.65+4.63 27.77+11.58
Aged+Gen 26.87+7.94 31.81+12.3%4°
Aged+Without-Ex 14.41+4.13 30.14+15.62
Aged+Ex 31.02+4.11 29.53+6.9%°
Aged+Gen+Ex 30.02+12.74™  26.30+6.45°

Values are mean+SD (n=6)

*P<0.05 compared to Aged+Veh grotif<0.01 compared to Aged+Veh group,
"P<0.01 compared to Aged+Without-Ex grod}5,not significant difference as
compared to Aged+Veh or Aged+Without-Ex groups.
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Figure 4.8 The percentage of increase in arteriolar diametetsced by Ach for
aged rats with vehicle (Aged+Veh), genistein (Agéd), without
exercise training (Aged+Without-EXx), exercise tnagn(Aged+Ex) and
combination with genistein and exercise traininggéd+Gen+EX).
*P<0.05 compared to Aged+Veh group’P<0.01 compared to
Aged+Veh group''P<0.01 compared to Aged+Without-Ex group.

>

» 50 NS

49 45,

o NS

(e 4

g 40 NS

'_6 357

5 30- [

§e]

g 25 - 7

8 201

o

[ 157 /

=

€ 101 /

S 5 /

§ O T T A 1
E Aged+Veh Aged+Gen Aged+Without-Ex Aged+Ex Aged+Gen+Ex

Figure 4.9 The percentage change of arteriolar diameters aulury SNP for
aged rats with vehicle (Aged+Veh), genistein (Agée), without
exercise (Aged+Without-Ex), exercise (Aged+Ex) ammmbination
with genistein and exercise training (Aged+Gen+Ex).

NS not significant difference as compared to Aged+Venn

Aged+Without-Ex groups.
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Table 4.10 The percentage change of NO-associated fluorescent

intensity for Adult+Veh, Adult+Gen, Adult+Withoutx&
Adult+Ex and Adult+Gen+EXx groups.

Group % changes of NO-associated

fluorescent intensity

Adult+Veh 59.51+17.11
Adult+Gen 78.63+22.82
Adult+Without-Ex 63.63+13.15
Adult+Ex 98.62+4.70
Adult+Gen+Ex 76.18+8.95

Values are meanzSD (n=6)
"P<0.01 compared to Aged+Without-Ex groli not significant difference as
compared to Adult+Veh or Adult+Without-Ex groups.
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Figure 4.10 The percentage change of NO-associated fluoresoeemsity for

Adult+Veh, Adult+Gen, Adult+Without-Ex, Adult+Ex an
Adult+Gen+EXx groups

Values are mean+SD (n=6)

"P<0.01 compared to Aged+Without-Ex grouf¥ not significant
difference as compared to Adult+Veh or Adult+With&x groups.
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Table 4.11 The percentage change of NO-associated fluorescent

intensity for Aged+Veh, Aged+Gen, Aged+Without-EX,
Aged+Ex and Aged+Gen+Ex groups.

Group % changes of NO-associated

fluorescent intensity

Aged+Veh 35.15+8.69
Aged+Gen 74.98+17.05
Aged+Without-Ex 39.68+7.15
Aged+Ex 76.34+17.82
Aged+Gen+Ex 70.22+16.05'

#P<0.01 compared to Aged+Veh grodp<0.05 compared to Aged+Without-
Ex group, 'P<0.01 compared to Aged+Without-Ex group.
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Figure 4.11The percentage change of NO-associated fluoresatemisity for aged
rats with vehicle (Aged+Veh), genistein (Aged+Gemithout exercise
(Aged+Without-Ex), exercise (Aged+Ex) and combioati with
genistein and exercise training (Aged+Gen+EX).

Values are mean+SD (n=6)
#P<0.01 compared to Aged+Veh groupP<0.05 compared to
Aged+Without-Ex group, P<0.01 compared to Aged+Without-Ex

group.
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Table 4.12 TNF-o level was shown for Adult+Veh, Adult+Gen,

Adult+Without-Ex, Adult+Ex and Adult+Gen+EXx groups.

Group TNF-a (pg/mL)
Adult+Veh 16.25+7.64
Adult+Gen 10.22+7.8F
Adult+Without-Ex 15.64+4.17
Adult+Ex 14.03+13.01°
Adult+Gen+Ex 13.94+7.0F

Values are mean+SD (n=6)

NShot significant difference as compared to Adult+\tetAdult+Without-

EXx groups.
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Figure 4.12 TNF-a level was shown for Adult+Veh, Adult+Gen, Adult+iVout-

Ex, Adult+Ex and Adult+Gen+Ex groups.
Values are meanzSD (n=6)
NS not significant difference as compared to Adult+Vesr

Adult+Without-Ex groups.
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Table 4.13 TNF-a level was shown for Aged+Veh, Aged+Gen,

Aged+Without-Ex, Aged+Ex and Aged+Gen+EXx groups.

Group TNF-a (pg/mL)
Aged+Veh 33.97+7.66
Aged+Gen 11.16+5.68
Aged+Without-Ex 36.29+14.41
Aged+Ex 14.40+11.03
Aged+Gen+Ex 10.25+5 41"

Values are mean+SD (n=6)
#P<0.01 compared to Aged+Veh groupP<0.05 compared to
Aged+Without-Ex group, P<0.01 compared to Aged+Without-Ex

group.
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Figure 4.13 The TNF« level for aged rats with vehicle (Aged+Veh), gégiis

(Aged+Gen), without exercise (Aged+Without-Ex), xse
(Aged+Ex) and combination with genistein and exactraining
(Aged+Gen+EXx). Values are meantSD (n=6)

#P<0.01 compared to Aged+Veh groufP<0.05 compared to
Aged+Without-Ex group,'P<0.01 compared to Aged+Without-Ex

group.
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Table 4.14 MDA level was shown for Aged+Veh, Aged+Gen,

Aged+Without-Ex, Aged+Ex and Aged+Gen+EXx groups.

Group MDA level of liver
(umol/g wet wt.)
Aged+Veh 4.811.17
Aged+Gen 2.53t0.59
Aged+Without-Ex 4.33t2.00
Aged+Ex 2.510.49
Aged+Gen+Ex 2.48:0.29""

Values are meanzSD (n=5)
*P<0.05 compared to Aged+Veh group|P<0.05 compared to
Aged+Without-Ex group.

MDA level (umole/g wet wt.)

N\

Aged+Veh Aged+Gen Aged+Without-Ex Aged+Ex Aged+Gen+Ex

Figure 4.14The MDA level for Aged+Veh, Aged+Gen, Aged+WithdEx;
Aged+Ex and Aged+Gen+EX.
Values are meanzSD (n=5)
*P<0.05 compared to Aged+Veh groupP<0.05 compared to
Aged+Without-Ex group.
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Figure 4.15 The correlations between percent changes of NOc&ded
fluorescent intensity and the percent arteriolaanditer changes
were examined by using Pearson’s Correlation aad#st-fitting
linear regression. All data were taken from valaegach groups:
aged+vehicle  (Aged+Veh), aged+genistein  (Aged+Gen),
aged+without exercise (Aged+Without-Ex), aged+eiserc
(Aged+Ex) and aged+genistein+exercise (Aged+Gen+EXx)

(Pearson’s correlation=0.82<0.01).



CHAPTER V

DISCUSSION

In the present study, the intravital experiments cremaster
microcirculation were conducted to investigate #ffects of genistein
and exercise training on endothelial dysfunctioraged male rats. The
results showed that aged rats developed hypertensiecreased
testosterone, impaired endothelium dependent Vasiodi, decreased
NO bioavailability, increased oxidative stress anahcreased
proinflammatory cytokine. Our finding showed thaengtein and
exercise training have a potential role in improeamthese deleterious
physiological and vascular functions by means ahilar pathways.

Discussion is expressed in relation to the heattipgs as followed.

Effects of aging on physiological and biochemicalazameters

In male, androgen is an important steroid hormdra tegulates
metabolism in many organs, and its effect is obwimumale sex organs.
During aging the diminution of the blood testostexdevel parallels a
decline of several physiological parameters inclgdicardiovascular
functions. The results showed that the blood téstose level
progressively declined (young=2.21+1.24 ng/mL,
Adult+Sedentary=1.51+0.56 ng/mL and Aged+SedentaB6+0.59
ng/mL), in accordance with the ratios of seminasisie/BW in aged
group as compared to young group (young=0.004467.00
Adult+Sedentary=0.0033+0.0003 and Aged+Sedentad@29+0.0009).

Similar to human aging process in association \Withertension,
the result showed that, the mean arterial bloodsgue (MAP) was

significantly elevated in Aged+Sedentary rat as garad to young group
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(142.84+16.30 mmHg and 122.77+x4.28 mmHg, respdglive

Although, in Adult+Sedentary group that it seemsirntdine the MAP

value (127.82+8.35 mmHg). Changes in vascular stracand function,
and thereby in total peripheral resistance (TPR)ewlieved to be the
underlining cause of this increase MAP. In our gfuthe result of
vascular response to Ach supported this proposed. iVe found the
abnormality of arteriolar response to Ach signifitta in aged cremaster
microcirculation. Therefore, it implied that the gglomenon of age-
induced endothelial dysfunction may be widespread applies to the
whole vascular bed (Taddei et al., 1995). Moreotee, declined Ach
response was confirmed by the decrease in NO, leeldon-dependent
vasodilator with age (Taddei et al., 2001). Themsfat is possible to
increase the TPR and MAP in the aged group.

Age-induced endothelial dysfunction

The results of Ach-activated vascular dilatatiomdastrated that
there was significant reduction in the endotheld@pendent vasodilation
In cremaster arterioles in Aged+Sedentary groupoaspared to young
group (12.28+2.78% and 27.11+5.14%, respectively).addition, by
using 4, 5-diaminofluorescein-diacetate (3 UM DAPA) to detectin
situ Ach (10° M)-induced NO-associated fluorescent intensitg, réssults
showed that there was significant reduction in tR®-associated
fluorescent intensity in Aged+Sedentary rat as ameg with young
group (47.83+16.53% and 85.27+13.49%, respeciivdturthermore,
our result also showed that, there was significadtction in the NO-
associated fluorescent intensity level in Adult+8ddry as compared to
young group (61.68+8.68% and 85.27+£13.49%, respalg)l However,
there was no significant different between Adultd&#ary and young
group when activated by Ach (30M) (27.1145.14% and 24.86+9.22%,
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respectively). It might be interpret that in adudt the endothelial

dysfunction was just initiated by aging process.

Besides, the present study also showed that, tepomse of
arteriolar to SNP, a NO donor, did not indicate amanges in aged
group. There is evidence indicating that aging perleads to an
attenuated generation and release or enhanceddorealof endothelial
autocoids (Brandes et al., 200Afcording to report of Singh et al., 2002,
they found that generalized abnormality of basalotimelial function in
older people, with similar impairment of NO and samoid dilator
pathways. It has been reported that the activityetdfOS and the
production of NO are diminished in senescent humiadothelial cells
(Sato et al.,, 1993). A decline in the eNOS actividf) senescent
endothelial cells appears to be attributable tedauction in eNOS protein
expression as well as in eNOS phosphorylation (Haffn et al., 2001).
Hence, aging down-regulates eNOS expression andtyaetind thus NO
production in endothelial cells (Hayashi et al.00 Thus, our finding
has already confirmed the effect of aging processralothelial function

that may contribute to age-induced endothelial wystion.

Age-induced TNF-«

The results of TNFx detection showed that: 1) There was no
significant difference between young and Adult+Sede groups
(13.42+5.91 pg/mL and 12.54+9.44 pg/mL, respecyive?) There was
significantly elevated the TNE-level in Aged+Sedentary as compared to
young and Adult+Sedentary group (39.50+14.02 pg/rhB,42+5.91
pg/mL and 12.54+9.44 pg/mL and respectively).

Recent scientific studies have advanced the notibrchronic
inflammation as a major risk factor underlying apiand age-related
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diseases. Plasma levels of TMFin endotoxin-challenged animals
have been found to be higher in aged than in yammgals. Also, TNFe
production by endotoxin-stimulated macrophages fag®d animals was
increased when compared with that from young mdaeumulated data
strongly suggested that continuous (chronic) ugdegmgun of pro-
inflammatory mediators (e.g., TN&- IL-1b, IL-6, COX-2, INOS) are
induced during the aging process due to an agedcel@dox imbalance
that could further activate many proinflammatorydmaéors, including
the NF-kB signalling pathways (Chung et al., 2009).

The age-related inflammatory hypothesis is editeidh two
established findings: (1) a dysregulation of thenune system with age,
and (2) altered redox status during aging. Botltgsees lead to increase
in systemic inflammatory status probably due toabtvation the several
inflammatory mediators and mainly under oxidatitress-induced redox
iImbalance. The age-related redox imbalance isylikaused by the net
effect of weakened anti-oxidative defense systears] incessantly
Increasing production of reactive species (RS)hsag superoxide (0,
hydroxyl radical ¢OH), and hydrogen peroxide {8,), reactive nitric
oxide (NO), peroxynitrite (ONO® and reactive lipid aldehydes.
Overproduced and unregulated RS during aging amesjar causative
factor in the activation of immune systems (Brod0@), as exemplified
in over-reactive macrophages in the inflammatorgcpss. The salient
point of the molecular inflammation hypothesishattunresolved chronic
inflammation during aging may act as the patho-ggic link that
drives normal functional changes to become manyhef age-related

degenerative diseases (Chung et al., 2002).
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Age-induced oxidative stress

The present study showed that liver malondialdehiddDA), an
oxidative stress indicator, was significantly iresed in Aged+Sedentary
group when compared to young group (3.69+Qu&#bl/g wet weight and
2.42+0.48 pumol/g wet weight, respectively). It is welldw that aging is
a biological process characterized by time-dependenogressive,
physiological declines accompanied by the increasemlence of age-
related diseases. Over the past several decadaslzer of theories have
been proposed to define the causality and the lymagmechanisms of
aging (Dice, 1993). Currently and widely accepigehi is the “oxidative
stress hypothesis” (Yu and Yang, 1996), that medifand advanced
from the free radical theory of aging (Harman, 19%%ccording to the
oxidative stress hypothesis, oxidative damage tsonty elicited by the
uncontrolled production of reactive oxygen spe¢ROS) as proposed in
the original free radical theory, but also by otlidants, including
reactive nitrogen species (RNS) and reactive ligijgecies. More
importantly, the oxidative stress hypothesis emjzieasthe essential role
of anti-oxidant defenses as the crucial componérth® overall redox
balance of the organism, which was not considenethé original free
radical theory. Oxidative stress is reinforced bywanber of reactive
species (RS), such as®}, «O, and singlet oxygen, and other radicals as
well as non-radicals, which are formed continuousiythe body as a
consequence of aerobic metabolism, thereby poligntmodifying
cellular activity and basic structural componemnisuding nucleic acids,
proteins, and lipids (Barry, 1993; Davies and Geldh 1987; Yu and
Yang, 1996). Biological sources of RS productionywaidely depending
on various cellular activities related to lipoxygse, COX, plasma

membrane-associated NADPH oxidase; mitochondradtedn transport
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system, ubiquinone, NADH dehydrogenase; cytochroiré50,

cytochrome b5, microsomal electron transport; ffaeteins and oxidases
in peroxisome; and xanthine oxidase (XO) in cyto@hung et al.,
2009).

Oxidative stress that plays a key role in endoshediysfunction
associated with superoxide {Dand nitric oxide (NO), and thereby
produces ROS in form of ONO@Besides, under endothelial dysfunction
condition, it is more believed that superoxide dohé produced much
more by uncoupling eNOS (Heistad, 2006).

The NF-kB transcription factor can be viewed as thaster
regulator of the inflammatory process and can lated by oxidative
stimuli. Indeed, the activation of NF-kB-dependeg@nes is a major
culprit responsible for the wide-spread systemitammatory process
(Makarov, 2000). Under activated conditions, pritaimmatory genes
encode pro-inflammatory proteins, such as cytokirggewth factors,
adhesion molecules (AMs) or chemokines. As showguréi 5.1, NF-kB
Is known to regulate the transcription of proinflaatory molecules, such
as TNFe, interleukins (IL-1b, IL-2, and IL-6), chemokin€d_-8 and
RANTES), adhesion molecules (ICAM-1, VCAM, E-selert and
enzymes, including inducible NO synthase (INOS) eyrlooxygenase-2
(COX-2) (Bohrer et al., 1997; Brand et al., 1998F-kB activity is
modulated by upstream signalling pathways suchkBskinase (IKK)
and MAPKs. The activated IKK complexes phosphogyldhe 1kB
subunits of NF-kB/IKB to trigger the degradationki, which then leads
to the activation of NF-kB (Karin, 2006; Zandi ¢t 4997). IKK activity
is upregulated during aging by NF-kB (Kim et alQ02), and there is
further involvement of the ERK, JNK, and p38 MAPktipways that

control NF-kBdependent transcription during thdanfmatory response
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(Figure 5.1). Recently, the aging process was shoovrstrongly

enhance all three ERK, JNK, and p38 MAPK activitirat paralleled

increases in ROS production (Kim et al., 2002).
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Figure 5.1Major molecular pro-inflammatory pathways involviedaging and age

related diseases. ROS, reactive oxygen species;, Rid8tive nitrogen
species; MAPK, mitogen-activated protein kinasddK, NF-kB-
induced kinase; IKK, kB kinase; TNé&; tumor necrosis factar; AMs,
adhesion molecules; INOS, inducible NO synthase; XQ0O
cyclooxygenase (Modified from Chung et al., 2009).
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Under normal conditions, NF-kB activation in respento

oxidative stimuli is short-lived, and the reactiogases with resolution.
However, if the input signal is not well controlled happens during
aging, chronic pro-inflammatory conditions condécit®@ many chronic
diseases ensues (Chung et al.,, 2006). Some of #&BNnduced
proteins like TNFe, IL-1, IL-6 and COX-2 themselves are potent NF-kB
activators that form an auto-activating loop (Frséieal., 1996; Handel et
al., 1995). Many studies on changes in the redosittee transcription
factor, NF-kB have consistently shown increasediagtwith age and in
a variety of tissues, including heart, liver, kiggnand brain tissues, and
high NF-kB binding activity when comparing old aydung rodents
(Helenius et al., 1996; Kim et al., 2002). Korhorenal. (1997) also
reported a significant upregulation of NF-kB in tla¢ brain (Korhonen et
al., 1997). In human studies, circulating levels mbinflammatory
cytokines that are well-recognized biomarkers iaseel during aging as
shown by increased plasma levels of TédFand IL-6 (Bruunsgaard,
2006). Furthermore, aging is associated with irszdalevels of C-
reactive protein (CRP), as well as high inflammgatoell (neutrophil,

monocytes) counts (Bruunsgaard et al., 1999).

Effects of genistein on endothelial dysfunction iaging male rats

The present study showed that, the vasodilatspamses of the
arterioles to Ach significantly increased in AgecerGrvhen compared to
Aged+Veh group (26.87£7.94% and 12.65+4.63%, rdspdy).
Moreover, the percentage change of NO-associatedefscent intensity
was significantly increased in Aged+Gen as compdamedged+Veh
group (74.98+17.05% and 35.15+8.69%, respectivalge TNFea level

was significantly decreased in Aged+Gen when coeppén Aged+Veh
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group (11.16%£5.68 pg/mL and 33.97+7.66 pg/mL, respely). The

MDA levels of Aged+Gen were significantly decreasdaen compared
to Aged+Veh group (2.53.59 pumol/g liver wet weight and 48117
pnmol/g liver wet weight, respectively).

In 1999, the U.S. Food and Drug Administration raotended the
daily ingestion of 25 g total soy protein, primgrilue to reported
beneficial effects on plasma lipid levels (e.g. ésad LDL, improved
LDL/HDL ratios) thought to be crucial for preventi@f coronary heart
disease (1999). Genistein, a major isoflavone admindn soy, has
various biological actions including a weak estrogeeffect by binding
to estrogen receptors (ERs), and inhibition of girottyrosine kinases
(PTK). Genistein consists of two aromatic ringskéd through a
heterocyclic pyrane ring (Ross and Kasum, 2002¢. ditemical structure
of genistein is similar to that of fp7estradiol (E2), the endogenous
estrogen primarily acting through the ERs in humarss structural
similarity indicates that genistein could potenyiabind to the ERSs.
Actually, genistein has long been known to exearogenic effect. Unlike
E2 however, which binds to both ERand ER with nearly equal
affinity, genistein shows much higher affinity t&Rf (87% of E2) than to
ERa (4% of E2) (Kuiper et al., 1998).

Furthermore, many investigators are interested @miggein’s
mechanism and how it is able to increase NO bidavility (Squadrito et
al., 2000; Walker et al., 2001). Walker et al. sedwhat genistein, B¢
estradiol, can produce acute NO-dependent vasatidat which may
affect endothelial nitric oxide synthase (eNOS)atgt (Walker et al.,
2001) On the other hand, it has been shown that genikis a similar
affinity as estrogen because of the novel [ERresent in the vasculature

(Squadrito et al., 2000The ER$ in endothelial cell has been shown to
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stimulate NO-production which known as the non-geitoeffect of

estrogen (Guo et al., 2005). Interestingly, it hasn shown that acute in
responsed to topical application of genistein coalsb mediated via
prostacyclin (PGJ) and NO productions (Siriviriyakul et al., 2006).
Moreover, acute action of genistein on endothéli@ production
was indicated for its activation through proteindse A (PKA) which is
unrelated to the estrogenic effect (Liu et al., 800t is also suggested
that this pathway may be crucial in protecting tlaediovascular effects
seen in soy phytoestrogens. Liu et al. (2004) destnated that 1¢M
genistein could directly activate eNOS in intacvine aortic endothelial
cells and endothelial cells from human umbilicahvever an incubation
period of 10 minutes. They also proposed that thelects were
mediated by PKA and were unrelated to the estrageffiect (Liu et al.,
2004). Si and Liu (2008) showed that genistein hadirect genomic
effect on the vascular wall causing an increase@®ékpressiorandNO
synthesis in spontaneously hypertensive rat m&ledr{d Liu, 2008).
Borras et al. (2006) suggested that genistein xertantioxidant
effect by binding to estrogen receptor(s), leadothe rapid activation of
MAPK signalling pathways and upregulation of MNnS@é&ne expression
(Figure 5.2).Genisteinhas been recently reported to have the direct
scavengingactivity towards superoxide. It has been purposed that
genistein activates the cAMP/PKA cascades, ERKAK2, and PPARS,
which subsequently stimulate NO production by tivead activation of
eNOS and/or stimulation of eNOS expression in viascandothelial
cells (ECs). Elevated NO inhibits TNk- VCAM-1 and MCP-1

expression and VSMCs proliferation. Activation d?ARy by genistein
also inhibits the expression of NAPDH oxidase, ¢bhgr reducing
superoxide production. Consequently, the moduladiothese molecules
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by genistein will preserve endothelial functionsl @esult in preventing

inflammation and atherosclerosis (Figure 5.3) (i kiu, 2007).
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Figure 5.2 Scheme for genistein exerts its antioxidant effgcbinding to estrogen
receptor(s), leading to the rapid activation of M@&ignalling pathways
and a delayed upregulation of MNSOD gene expregsitmdified from
Borras et al., 2006).
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Figure 5.3Scheme summarizing molecular targets for genisteiasculature and

consequent vasculoprotective effect (Modified frmand Liu, 2007).

Although it is well known that NkB coordinates the induction of
numerous proinflammatory genes, recent evidencabkstes that
activation of NFkB modulates the expression of antioxidant genesj su
as manganese superoxide dismutase (MNnSOD) and beygenase-1
(HO-1), and confers protection against apoptosis upregulating
antiapoptotic proteins (Collins and Cybulsky, 2Q0I) this context,
induction of HO-1 by the dietary polyphenol reswreshis abrogated by
inhibitors of NF«xB activation or kB phosphorylation (Baur et al., 2006)
and deletion of NReB bindings sites in the HO-1 promoter reduces
transcriptional activity (Juan et al., 2005). Thilig modulation of NkB
and Nrf2 signalling pathways by mitogen-activatedt@n kinases lead
to transcriptional activation of antioxidant defergenes (Andreadi et al.,
2006; Chen et al.,, 2005). According to Vina et @006), it was
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suggested that genistein increased the expressin80OD (Vina et

al., 2006).

Since it is well known that age-induced oxidatiweess can cause
abnormal vascular functions by enhancing resistaiocdlood flow,
hence, in this study, we measured the MDA levels/ar of the rats from
the age-groups.

The results from the MDA levels showed that longrtéreatment
of genistein can scavenge the age-induced exaassddicals, especially
superoxide anions which can directly damage moéescaf protein, lipid,
and DNA as which leads to cell dysfunction. Our evlation of
increased Ach-induced vasodilatation in Aged+Gesugrconfirms that
anti-oxidant agent can prevent age-induced endattatsfunction. This
ability may enhance endothelial-dependent vasaditat by protecting
NO from direct interaction with the superoxide i Since NO
bioavailability is associated with endothelium-degent vasodilatation,
the greater NO bioavailability, therefore, a moreon@unced
endothelium-dependent vasodilatation effect will bebserved.
Interestingly, the present study showed that, iredageated with
genistein could attenuate TNFlevel. Thus, we believed that it resulted

from the increased NO bioavailability.

Effects of exercise training on endothelial dysfurton in aging male
rats

The present study showed that, the dilatory regsnd the
arterioles to Ach significantly increased in Aged+&hen compared to
Aged+Without-Ex group (31.02+4.11% and 14.41+4.13@é8pectively).
The percentage change of NO-associated fluorestceansity was
significantly increased in Aged+Ex as compared wed+Without-Ex
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group (76.34+17.82% and 39.68+7.15%, respectively)e TNFe

level was significantly decreased in Aged+Ex whesmpared to

Aged+Without-Ex group (14.40+11.03 pg/mL and 362941 pg/mL,

respectively). The MDA level of Aged+Ex was sigao#ntly decreased
when compare to Aged+Without-Ex group (2649 pmol/g liver wet
weight and 4.382.00 umol/g liver wet weight, respectively).

Exercise training is well known to have benefi@fkcts across
a broad spectrum of biological processes, including favourable
modulation of inflammatory signalling (Wannamethet al., 2002).
However, the response of the immune system to palyactivity varies,
depending on the frequency, intensity, volume ddreise, and on the
subject’s endurance capacity. Indeed, strenuousisgehas been shown
to increase local and systemic production of ptammmatory cytokines,
possibly as a consequence of muscle damage andecgsidrd
inflammation (Chung et al., 2009).

On the other hand, moderate regular physical #&gtivas been
associated with reduced levels of TNFIL-6, and CRP in a population
of healthy older adults (Colbert et al., 2004).abidition, a recent study
reported that aerobic exercise is associated véthhedise serum levels of
IL-6 and increased levels of IL-10, a potent antiammatory cytokine,
in healthy older men (Jankord and Jemiolo, 2004jthermore, recently
demonstrated that life-long, voluntary wheel rumgnireduces plasma
levels of CRP, but not those of IL-6, in old ratalani et al., 2006). The
mechanisms underlying the anti-inflammatory eff@ftphysical exercise
are complex and not fully elucidated. However,as libeen hypothesized
that the reduced production of proinflammatory &ytes observed in
response to regular physical exercise may steneast Ipartly from a
reduction of adiposity (Colbert et al., 2004). lade adipocytes are an
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iImportant source of TNIle- and IL-6 (Coppack, 2001). However, other

mechanisms, independent of body composition, augiit to be
involved in the modulation of inflammation by exisectraining.

In 2005,Gomez-Cabrera et al., reported that ROS generaiidagd
exercise activate MAPKs (p38 and ERK1/ERK2), whithurn activate
NF-xB, and resulted in increased expression of imporemzymes
associated with cell defense (MnSOD and glutathperexidase (GPx))
(Gomez-Cabrera et al., 2005). In addition, they abowed that the
prevention of ROS formation by inhibition of xamtbi oxidase (XO)
could abolish these effects. To highlighting thke rof ROS generated in
moderate exercise training in the upregulation mioxidant enzymes
and, thus, the fact that moderate exercise traimiaug behave as an
antioxidant, the idea was shown by the diagramiguré 5.4 (Gomez-
Cabrera et al., 2008).

MODERATE EXERCISE TRAINING

U

U

Cell signalling:
MAPK

@

Figure 5.4 Mechanisms by which ROS activate the expressiah ativity of
antioxidant enzymes. Exercise is an antioxidant difled from
Gomez-Cabrera et al., 2008).
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Aside from that, our findings indicated that gesiist and

exercise training could protect endothelial fumcsidrom age-induced
dysfunction. A significant reduction in MDA levels Aged+Ex group
was observed when compared to the Aged+Without-Eexug These
results confirmed the effectiveness of our trairpngtocol, 40 min/day, 5
day/week for a total of 8 weeks, in reducing pegith vascular resistance
in aged male rat. The following might help expl#me benefits of long-
term exercise training: 1) reduction of age-inducatative stress by
increasing the enzymatic anti-oxidants expressamal, 2) an increase in
shear-stress mediated eNOS activity (Maiorana et 2003). Also
Ahmadiasl and colleagues (2007) showed that lormg-tendurance
training could increase superoxide dismutase (S@€Eyvities in rat
myocardium (Ahmadiasl et al., 2007).

Nevertheless, in our study, a moderate exerciseiftgaprogram
consisting of 8 weeks is sufficient enough to redusge-induced
endothelium dysfunction. It appears to us thatdb&come of exercise
training has the same effects seen in genisteierdiSe training could
protect NO bioavailability in the Aged group anchance endothelium-
dependent vasodilatation. The reason for this maythat exercise
training improves endothelial function and provideardioprotective

benefits.

Effects of combined treatment of genistein and exeise training on
endothelial dysfunction in aging male rats

The result showed that, the dilatory responsesefatrterioles to
Ach significantly increased in Aged+Gen+Ex when paned to their
age-matched control groups (30.02+12.14%, 12.6%£4.6 and
14.41+4.13%, respectively). The percentage charfgbl@-associated

fluorescent intensity was significantly increased Aged+Gen+Ex as



compared to their age-matched control
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groups (Z1.@D5%,

35.15+8.69% and 39.68+7.15%, respectively). The -BNFkevel was
significantly decreased in Aged+Gen+Ex when congbdcetheir age-
matched control groups (10.25£5.91 pg/mL, 33.97&7@/mL and
36.29+£14.41 pg/mL, respectively). The MDA level Afjed+Gen+Ex
was significantly decreased when compare to thggraatched control

groups (2.530.49 umol/g liver wet weight, 4.81.17 pmol/g liver wet

weight and 4.382.00 umol/g liver wet weight, respectively). Fronese

results could summarized as shown in Table 5.1.

Aged+Veh/
Aged+Without-Ex

Aged+Gen

Aged+EXx

Aged+Gen+EH

X

MAP
U bl l
Testosterone _ _ -
@ (No effects)| (No effects)| (No effects)
Vascular
response ﬂ ﬁ ﬁ ﬁ
to Ach
NO \l PN PN PN
production | || |
Oxidative A — - -
stress L ~ ~ ~~
TNF-o level ~ — — _
L ~ ~ ~

Table 5.1Summary of the results from Aged+Sedentary and &rgetied with

genistein, exercise training and combination wgémistein and exercise

training.
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In the present study, we have shown that genis@iwgeek

exercise training, and combined treatments of genisand exercise
training could reduce the age-induced abnormalitieéscluding
hypertension, age-induced endothelial dysfunctage-induced oxidative
stress and age-induced TNFexpression. Moreover, our finding also
demonstrated the linear correlation between endabtEpendent
vasodilatation improvement and NO bioavailabilitgriement. Therefore,
it implied that beneficial effects of genistein agxkrcise training on age-
induced endothelial dysfunction resulting from s&se NO
bioavailability.

Our result confirmed that both testosterone lewaid ratios of
seminal weight/BW were significantly decreased Ilgyng. Genistein
supplementation and exercise training did not affeose parameters.
Other studies have reported similar findings thatv | doses of
phytoestrogens do not have any effects on reprogudtinctions of
either males or females (Anthony et al., 1996; NBiC et al., 2001).
However, the increased seminal vesicle/BW ratioAiged+Ex and
Aged+Gen+Ex groups may be resulted by the metabefiect of
exercise training on fat composition leading togiiloss in these group.

Kashiwagi et al. (2002) showed a linear relatiopgbetween the
gray levels of fluorescence intensities and DAF-2dncentrations
(between 10 nmol/L and 1 pmol/L) (Kashiwagi et @aD02). From our
results demonstrated that aging resulting in irsgdaoxidative stress,
decreased Ach-induced arteriolar response and absme NO
bioavailability. Therefore, we Iinvestigated whethdrere are any
correlation between NO-associated fluorescent siyerand the Ach-
evoked vasodilatation in all five grougSur correlatiorresults between

the means percent changes of NO-associated fluresdensity and the
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mean percent of arteriolar diameter changes frbrb groups were

significantly correlated and could be fitted byireebr line: y = 0.4276x —
2.0966 (Figure 4.15) (Pearson’s correlation = 0.8%0.01). These
findings suggested that aged-induced reduction afh-&ctivated
arteriolar dilatation could be restored by usinquigiein and exercise
training in relation with endothelial NO bioavailbly.

The results obtained showed an increase of NO hilzdoility after
utilizing two interventions. Both of these inters@ms have multiple
functions effecting eNOS expression, eNOS actiaty] eNOS cofactor;
tetrahydrobiopterin  (Blj. Both interventions can increase eNOS
expression through both direct and indirect patrsa@yu et al., 2004; Si
and Liu, 2008; Sindler et al., 2009; Tanabe et 2003). Similarly,
Tanabe and his colleagues (2003) reported that8tiaeek exercise
swimming could up-regulate eNOS expression in thikaain aged rats
(Tanabe et al.,, 2003). Along the same lines, Singfe al. (2009)
suggested that exercise training can restore tpertaent eNOS cofactor,
tetrahydrobiopterin (BE), content and then leads to enhance flow-
stimulated NO availability in old rats (Sindleradt, 2009).

Our results may be the firsh vivo evidence of genistein and
exercise training in protecting endothelial cellgaiast age-induced
oxidative stress by detecting situ NO released using a fluorescent
indicator-diaminofluorescein (DAFs). Tha& situ release of NO from
cremasteric endothelial cells after acetylcholingvation was examined
in both genistein and exercise training grouee effect of genistein and
exercise training on increased NO bioavailabilitgynibe associated with
multiple direct and indirect pathways, thereforddidonal studies are
needed to confirm these molecular mechanisms.

However, the present study does not show the sigtiergffects of

genistein and exercise training, Figard et al., alestrated that swimming
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exercise and dietary supplementation with soy prstelid not have

synergistic effects in ovariectomized rats (Figatrdl., 2006).

Based on the summary data shown in Table 5.1, pli@ah that
genistein and exercise training could protect dmel@l function against
age-induced oxidative stress via similar mechanis@sr findings
showed that genistein and exercise training imptowage-induced
endothelial dysfunction related to the increased HNiavailability,
decreased oxidative stress and T&Fproduction. Therefore, the
proposed mechanisms from our study could be suraeth@as shown in

Figure 5.5.

Findings of the present study could be summarizetlaought to
the proposed mechanisms shown in Figure 5.5. Taerethree major
factors which involved age-induced endothelial dgstion in male rats,
including decreased testosterone level, increasadative stress, and
increased TNFx level. The ROS and TN&- decreased the
bioavailability of NO and resuting in endothelialsflunction. However,
genistein, exercise training and their combinativeve potential to
decrease oxidative stress and increase NO bioaugya through
partially similar mechanisms. In the present stugnistein and exercise
training could increase antioxidant expression B bioavailability in
equally manner. However, genistein could direcdsgv&nge superoxide,
increase MnSOD expression via MAPK pathway, birelgélective ERS-
and activate eNOS expression via ERK1/2, Akt and PEthways. Even
though, exercise training could increase MnSOD esgion via MAPK
pathway, but exercise training could activate eN@&&ression by
different pathway of shear-stress activated AKmnallng. With these
signalling processes, it implied that both genist@nd exercise training
have shared their benefit actions by using the saediators including
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MAPK, Akt and eNOS. Therefore, the combination ehgtein and

exercise training did not show more effects on guitmg endothelial
function against aging when compared to each ietgion. We believe
that this is the reason to simply explain our fingdpf the present study.
However, it is noted that the advance aging proceay cause the
increase in oxidative stress more and more. Gamisteexercise training
may be not enough for protecting endothelial futtiln case of this
situation, the combination of genistein and exertiaining may give the

better beneficial effect against age-induced erediatihdysfunction.
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CHAPTER VI

CONCLUSION

In the present study, the effects of genistein exelcise training
on endothelial dysfunction in aging male rats westedied. The

significant findings could be summarized as follows

1. Mean arterial blood pressure (MAP) was significamllevated
In aged rat as compared to young rat.

2. Testosterone level was significantly decreasedgedarat as
compared to young rat.

3. Oxidative stress, represented by liver malondialden(MDA),
was significantly increased in aged rat as comfmay®ung rat.

4. Tumor necrosis factan- (TNF-o) level was significantly
increased in aged rat as compared to young rat.

5. Age-induced endothelial dysfunction could be denratsd by
decreased Ach-activated vascular dilation and Nsdlyetion.

6. Genistein supplementation for 8 weeks has sigmfiganot
only improved MAP, endothelium-dependent vasoditatand
NO production, but decreased oxidative stress ag-d also.

7. A moderate exercise training program consisting8efeek
swimming could reduce age-induced endothelium dyfan.

8. Exercise training could significantly improve MABecrease
oxidative stress and serum TNHevels.

9. It appeared that both genistein and exercise trgigiave the
same effects on protecting endothelial function vreeir

antioxidant and anti-inflammaticaigainst aging process.
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FURTHER INFORMATIONS FOR

APPENDIX B

METHODOLOGY

Exercise protocol

Week

Stage

Day 1:
Day 2:
Day 3:
Day 4:
Day 5:
Day 6:
Day 7:

swim 10 min
swim 10 min
rest

swim 20 min
swim 30 min
swim 40 min

rest

2-8

Day 1:
Day 2:
Day 3:
Day 4:
Day 5:
Day 6:
Day 7:

swim 40 min
swim 40 min
rest

swim 40 min
swim 40 min
swim 40 min

rest
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Tumor necrosis factor (TNF)-a assay

Principle of the assay
This assay employs the quantitative sandwich eBpzym

iImmunoassay technique. A monoclonal antibody smefof rat TNFe
has been pre-coated onto a microplate. Standardangles are pipetted
into the wells and any rat TNé&-present is bound by the immobilized
specific for rat TNFe is added to the wells. Following a wash to remove
any unbound antibody-enzyme reagent, a substrduéiosnis added to
the wells. The enzyme reaction yields a blue produoat turns yellow
when the stop solution is added. The intensityhefdolor measured is in
proportion to the amount of rat TNk-bound in the initial step. The

sample values are the read off the standard curve.

List of reagents

Rat TNFe conjugate
- Rat TNFe standard
- Assay diluent RD1-41
- Calibrator diluent RD5-17
- Wash buffer
- Color reagent A
- Color reagent B

- Stop solution
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Reagent preparation
Wash buffer
If crystals have formed in the concentrate, warm ramm

temperature and mix gently until the crystals hewmpletely dissolved.
To prepare enough wash buffer for one plate, adanR5wash buffer
concentrate into deionized or distilled water tegare 625 mL of wash
buffer.

Substrate solution

Color reagents A and B should be mixed togethequmal volumes
within 15 minutes of use. Protect from light. 100 @f resultant mixture
Is required per well.

TNF-a standard

Reconstitute the rat TN&- standard with 2.0 mL of Calibrator
diluent RD5-17. Do not substitute other diluent$isTreconstitution
produces a stock solution of 800 pg/mL. Allow thanslard to sit for a
minimum of 5 minutes with gentle mixing prior to knag dilutions.

Pipette 200 pL of Calibrator diluent RD5-17 intccleaube. Use
stock solution to produce a dilution series (beloMix each tube
thoroughly before the next transfer. The undilutad TNFo standard
serves as the high standard (800 pg/mL). Calibrdtluent RD5-17

serves as the zero standard (0 pg/mL).

STDZ00uL 200pL 200uL  200uL  200uL 200 uL

p— M——1 ——1 1 ———1 M——1
N N
R R
—_— - - - ah
R R R R R
— ~ ~ ~ ~ ~ ~_
TNF-a 800 400 200 100 50 25 125

STD pg/mL  pg/mL pg/mL  pg/mL  pg/mL pg/mL  pg/mL
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Assay procedure

Bring all reagents and samples to room temperdtei@re use. It is
recommended that all samples and standards beeasisaguplicate.

1. Prepare reagents, working standards, and samptieeated in the
previous sections.

2. Remove excess microplate strips from the plate draeturn them
to the foil pouch containing the desiccant packeat.

3. Add 50 pL of assay diluent RD1-41 to each well.

4. Add 50 pL of standard, or sample to each well. Mix gently
tapping the plate frame for 1 minute. Cover witle thdhesive strip
provided. Incubate for 2 hours at room temperature.

5. Aspirate each well and wash, repeating the prooesgimes for a
total of five washes. Wash by filling each well vivash buffer (400 L)
using a squirt bottle, manifold dispenser, or aasher. Complete
removal of liquid at each step is essential to geedormance. After the
last wash, remove any remaining wash buffer by raspg or by
inverting the plate and blotting it against cleap@r towels.

6. Add 100 pL of rat TNFee Conjugate to each well. Cover with a
new adhesive strip. Incubate for 2 hours at roanprature.

7. Repeat the aspiration/wash as in step 5.

8. Add 100 pL of substrate solution to each well. lete for 30
minutes at room temperature. Protect from light.

9. Add 100 pL of stop solution to each well. Gentlp the plate to
ensure thorough mixing.

10. Determine the optical density of each well mitBO minutes, using
a microplate reader set to 450 nm. If wavelengtieobion is available,

set to 540 nm or 570 nm. If wavelength correctisnnot available,
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subtract readings at 540 nm or 570 nm from theimgadat 450 nm. This
subtraction will correct for optical imperfectioimsthe plate.
Readings made directly at 450 nm without correctoay be

higher and less accurate.

TNF-alpha STD curve

25 y = 0.0026x + 0.0301
R?=0.9988

0 100 200 300 400 500 600 700 800 900

Concentration (pg/mL)

The sample of standard curve for assay TNF-alpha el
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Malondialdehyde (MDA) assay

Principle of the assay

Oxidation of polyunsaturated fatty acids leads rtomerous
peroxidic and aldehydic compounds, in particulae tholatile low
molecular weight aldehyde, malondialdehyde (MDAheTchemical
composition of the end products of peroxidation wdpend on the fatty
acid composition of the lipid substrate used andnuprhat metal ions
give different end-product distributions as meadurg the thiobarbituric
acid (TBA) test. This is one of the most commonged methods for
detecting and measuring lipid peroxidation. Thedlimaterial is simply
heated with TBA at acidic pH (3.5), and the formoatiof a pink
chromogenis measured at or close to 532 nm. Tharagen is formed

by reaction of one molecule of MDA with two moleesilof TBA.

Reagents
1. 8.1% (w/v) Sodium docecyl sulfate (SDS)

Dissolve SDS 8.1 g in distilled water and allowstand overnight
at room temperature until it is dissolved. Then enag to 100 ml. Do not
shake because this solution will produce a lotudifddes.

2. 20% (v/v) of acetic acid solution (pH 3.5)

Pipette 200 ml of 37% HCI into a 1 liter volumetfliask and make
up to 1,000 ml with distilled water.

3. 0.8% (wi/v) Thiobarbituric acid (TBA)

Weigh TBA 0.8 g, then add distilled water to malkes solution up
to 100 ml and mix, heat and stir until it is dissl.

4. 1,1,3,3-Tetramethoxypropane (TMP) or malondialdehydis

solution
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TMP is used as an external standard. The levapuf peroxide is

expressed as nmole of MDA. Prepared stock d@ole TMP with
distilled water, then pipette 0.02, 0.04, 0.0680@10 and 0.12 ml of this

stock TMP solution and add distilled water to 10 ml each

concentration. These will give the following contration of standand

TMP: 2, 4, 6, 8, 10 and 12 nmole/ml. Prepare stddie fresh.

5. 1.15% (w/v) KCI

Dissolved KCI 11.50 g in 1,000 ml of distilled watand mix

throughly.

Procedure

1. After washing the isolated tissues in ice-cold 0.@%yv) NaCl, the

liver is prepared by homogenizing each gram of tigstie in 9 ml

of 1.15% KCI.

2. Pipette the following solutions into a series o&gy tubes with

screw caps:

Solution Blank (ml)| Standard (m|) Unknown (m
Sample - - 0.2
8.1% SDS 0.2 0.2 0.2

20% Acetic acid (pH 3.5) 1.5 1.5 1.5

0.8% TBA 1.5 1.5 1.5

TMP stock standard - 0.2 -
Distilled water 0.8 0.6 0.6

3. Heated the tubes in the water-bath &®fr 60 min.
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4. After cooling the tubes by immersion with tab wat&0 ml of

distilled water and 5.0 ml of the mixture of n-buvéand pyridine

(15:1 (v/v)) are added and shaken vigorously @dtlé min).

5. After centrifugation at 4,000 rpm for 10 min, theganic layer is

removed and its absorbance at 532 nm is measured

6. The content of lipid peroxide is expressed in terofisnmole

Calibration curve

MDA/g wet wt., converting the O.D. reading usinge tldata

generated as the calibration curve, below.

1. Prepare a series of tube containing TMP stock stahith water in

the following concentrations: 2, 4, 6, 8, 10 and rrole/ml.

Perform the procedure as in step 2, above. Deterntire

absorbance at 532 nm. Then plot the optical dengitgus nmole

of MDA of tissue homogenate.

oD

0.354
0.3
0.25+
0.2
0.15+
0.1+
0.05+

MDA STD curve

y = 0.0244x - 0.0027
R?=0.9979

4 6 8 10 12

Concentration (nmol/g wet wt)

14

The sample of standard curve for assay MDA level
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