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Table 3-1 The effects of genistein (0.25-1.00 mg/kg) on the ratio of reproductive organs 33
to body weight.

Table 3-2 The effects of daidzein (0.25-1.00 mg/ke) on the body weight. 35

Table 3-3 The effects of daidzein (0.25-1.00 mg/kg) on the ratio of reproductive organs 35

to body weight.



INTRODUCTION

ANXIETY

Anxiety is a group of the most common psychiatric problems which is developed
from a complex set of risk factors; including genetics, brain chemistry, personality, and life
events. This symptom may lead to physiological dysfunctions such as heart palpitations,
nausea, stomach aches or headaches. In 2010, the Anxiety Disorders Association of America
(ADAA) reported that 18% of the United States population contract anxiety. In addition, in
2008, department of Mental Health, Ministry of Public Health, Public Health reported that
anxiety disorder can be found in 1% or 600,000 Thai populations. Further, the result of
National Mental Health Epidemiology Survey in 2003 revealed that generalized anxiety
disorder (GAD) was the second most psychiatric problems in Thailand (the first, major
depressive episode) that it affected about 1.85% of Thai population (Department of Mentat
Health, 2005). According to the fourth edition of the Diagnostic and Statistical Manual (DSM-
- V) of the American Psychiatric Association, anxiety disorder can be classified into generalized
anxiety disorder (GAD), obsessive-compulsive disorder (OCD), panic disorder, posttraumatic
stress disorder (PTSD), social anxiety disorder (also called social phobia), and specific phobias
(American Psychiatric Association; 2000). Anxiety has therefore become a very important

area of research in psychopharmacology of this decade.
ESTROGEN AND ESTROGEN RECEPTORS

Estrogens are sex steroid hormones found abundantly in female as they are called
“the woman’s hormone”, it mainly synthesizes in the ovaries using cholesterol as a
precursor (Figure 1-1). In human, the most potent estrogen is 17f-estradiol. In addition to
synthesize in ovaries, estrogens can be synthesized locally in the brain by converting
androgens to estrogens by an aromatase enzyme and these local synthesis estrogens have
been shown to play a major role in synaptogenesis and neurogenesis during development

(Naftolin et al., 1988).
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Figure 1-1 The biosynthetic pathway of estrogens. The enzymes responsible for each step are shown
(Oside-chain cleavage enzyme; @ 17a-hydroxylase; @ 3B-hydroxy steroid dehydrogenase; @ 17-
20-desmolase; ® aromatase; ® 17p-hydroxy steroid dehydrogenase enzyme).

The physiological effects of estrogens are mediated through estrogen receptors.
There are two types of estrogen receptor, estrogen receptor alpha (ERa) and estrogen
receptor beta (ERB). They differ in the C-terminal ligand binding domain and in the N-
terminal transactivation domain (Kuiper, et al, 1996). The ERa was expressed in uterus,
testis, pituitary, ovary, kidney, epididymis and adrenal; while ERB was found expressed in
prostate, ovary, lung, bladder, brain, uterus and testis (Kuiper et al,, 1997). The different
distribution of these two receptors is believed to responsible for the diverse action of
estrogen in various organs. Moreover, it is now well known that the ratio of ERa/ ERB
differed between normal and cancerous tissues and a higher ERa/ ERp ratio was observed in
breast and endometrial carcinoma (lto, 2007). Further, ERs can also be classified into
intracellular receptor and membrane estrogen receptor. Intracellular receptor or nuclear
receptor acts as transcription factor and lead to genomic action such as protein synthesis.
On the other hand, membrane ER contains non-genomic action; its action is rapid such as
ion conductance. In the brain, estrogens can act via both receptors (Maggi et al, 2004; Gillies
and Mcarthur, 2010).

Estrogens regulate many physiological effects in various tissues such as

embryogenesis, development and reproduction, metabolism, hematopoiesis, cardiovascular
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system, bone tissue and nervous system. In bone tissue, they can increase bone mass and
lead to antiosteoporosis. In cardiovascular system, the lipid profile such as serum total, LDL,
and VLDL cholesterol are increased when estrogen levels are decreased and in this case
may lead to cardiovascular disease (Simpson and Davis, 2000; Yildiz, 2006). In central
nervous system (CNS), estrogens modulate many functions including behavioral function
such as feeding behavior, learning, memory, anxiety, arousal, aggression, emotion and sexual
behavior, these functions in CNS are believed to be mediated through ERB. In ERB knockout
mice' (ERBKO), learning and memory were impaired while anxiety and aggression were
increased (Simpson and» Davis, 2000; Bodo and Rissman, 2006; Yildiz, 2006).

In menopause, estrogens deficiency leads to osteoporosis, cardiovascular disease,
hot flushes, depression and anxiety (McEven, 2002) and these can be alleviated by estrogen
replacement therapy. Although estrogen is required to conserve normal activity including
emotion, it is not always the case. It had been recently demonstrated that hormone
replacement therapy (estrogen plus progesterone) increased the recipient’s risk of
developing breast cancer; while estrogen replacement therapy increased the risk of
endometrial cancer (lto, 2007). Therefore, estrogen may not be given to some patients with

a risk of hormone dependent cancers.

ANXIETY AND ESTROGEN

It is interesting as most reports have claimed that women were twice as much
affected by anxiety disorders than men (Seerman, 1997; Department of Mental Health, 2003;
2005). It is tﬁen suggested that the fluctuation of sex steroid hormones may be partially
involved; the incidence of mood swing, depression, irritability and anxiety ‘was therefore
higher during the low levels of circulating estrogen like in late luteal phase as well as in
postmenopausal women (reviewed by Bloch et al,, 2003). Beside, estrogen replacement
therapy has been shown to improve these psychological symptoms (Ditkoff et al,, 1991;
Schmidt et al, 2000). Similarly, in animal models, the variation of anxiety levels across
estrous cycle had been reported (Mora et al., 1996; Diaz-Veliz et al., 1997; Marcondes et al.,,
2001; Gouveia et al., 2004), and lacking of estrogen in ovariectomized rats produced higher
level of anxiety than those replaced with estrogen (Pandaranandaka et al, 2006; 2009).
Therefore, it is likely that estrogen is one factor affecting mood especially anxiety in both

human and animals.
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Many studies have been done to elucidate the mechanism of estrogen in regulating
anxiety. In 2007, Walf and Frye investigated whether estrogen reduced anxiety by action
through ERa or ERB. They implanted guide cannulae into the hippocampus of
ovariectomized rats and each rat was received either vehicle, 17p-E2, SERMs with greater
affinity for ERa than ERP (17a-E2 or propyl pyrazole triol, PPT), or SERMs with greater affinity
for ERB than ERa (coumestrol or diarypropionitrie, DPN) 10 min before testing with anxiety
models. Rats received 17B-E2 or ERP SERMs entered central zone of an open field more
frequent and spent more time on the open arms of the plus maze, suggesting that ERP in
the hippocampus may be involved in anti-anxiety effect of estrogen.

interestingly, Frye and Seliga (2001) demonstrated that in gonadectomized male rats,
testosterone replacement could reduce anxiety when tested with elevated plus maze
compared to control. Since testosterone can be metabolized to estrogen by aromatase, it
cannot rule out whether anxiolytic effect is due to testosterone or estrogen.

From ail above, it is likely that estrogen by acting through ERB is responsible for

anxiety in female and possibly in male as well.

PHYTOESTROGENS

Phytoestrogens are bioactive compounds present in plants with a chemical structure
similar to 17p-estradiol, an endogenous estrogen as shown in figure 1-2. They have hydroxyl
group and phenolic group, and distance between groups similar to estrogens. From this
similarity, phytoestrogens can bind to estrogen receptor and bring about the estrogenic and
anti-estrogenic effects. Phytoestrogens can be divided into three main classes, according to
their chemical structures: isoflavones, lignan and coumestans (Usui, 2006). Of these three
classes, isoflavones are the most interesting in research area since it can be found in soy and
associated with lower rates of osteoporotic fractures, cardiovascular diseases,
postmenopausal symptoms, and cancer in Asian than Western populations (Usui, 2006).
Genistein and daidzein are the main compounds found in soy products.

, Although phytoestrogens can bind to both ER subtypes. it has been shown that the
phytoestroestrogens are preferable to ERB than to ERa and causing a beneficial for
osteoporosis, cardiovascular protection, lipid metabolism and breast cancer (Terreaux et al,,
2003; Usui, 2006). The possible mechanisms of action of phytoestrogens are believed to be

through both estrogen-dependent and estrogen-independent mechanisms.  For the
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estrogen-dependent mechanisms, the phytoestrogens can either act through ERs or affect
the estrogen endogenous synthesis pathway. Phytoestrogens can inhibit sulfotransferase,
aromatase, 17B-and 38- hydroxysteroid dehydrogenase which are enzymes involved in the
metabolism and biosyntheis of estrogen; therefore, altering the metabolism and availability
of endogenous estrogens (Magee and Rowland, 2004). For the estrogen-independent
mechanisms, phytoestrogens like genistein was found to be a tyrosine kinase inhibitor, a free

radical scavengers and an anti-metastatis (Magee and Rowland, 2004).

cu, M
Ol OH
H OH O O
HO HO
17P-Estradiol Genistein Daidzein

Figure 1-2 Chemical structures of 17B-estradiol, genistein and daidzein.

Phytoestrogens can exhibit both in vitro and in vivo weak estrogenic and
antiestrogenic action (Murkies et al, 1998). Many data support that the cell proliferation can
be induced by estrogen but not phytoestrogens. Moreover, both in vitro and in vivo studies
have shown that genistein and daidzein can inhibit cancer development (Moore et al., 2007,
Yavuz et al.,, 2007; Lavigne et al, 2008) and prevent osteoporosis in avariectomized rats
(Fanti et al, 1998; Picherit et al, 2000; Om and shim, 2007). However, some studies
reported that low dose genistein and daidzein stimulated prolifera’_cion of breast cancer
growth (Lemos, 2001; Helferich et al, 2008). These further support that phytoestrogens may

act as estrogenic or antiestrogenic effects (Yildiz, 2006).

Phytoestrogens and anxiety

The effect of phytoestrogen on anxiety was reported by many researchers; however,
the results were somewhat inconsistent. For instance, rats fed with phytoestrogen diet were
either less anxious (Lund and Lephart, 2001; Lephart et al,, 2002; 2004) or more anxious
(Hartley et al., 2003) than the rats fed with phytoestrogen free diet. Moreover, Patisaul and
Bateman (2008) demonstrated that injecting equol, the metabolite of phytoestrogen to
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neonatal male rats can induce anxiety in adulthood. The difference in these findings may
be due to the length of treatment, age at exposure, route of administration, sex and strain
of the animals. It is known that in rat phytoestrogen in diet are effectively converted to
equol by the intestinal microflora (Setchell et al., 2003); however, in human, the converting
to equol is limited. It is then interesting to see whether the parent compound of

phytoestrogen like genistein and daidzein contain anxiogenic- or anxiolytic-like activity.
Phytoestrogen and reproductive system

in female, many data supported that PEs can affect uterine weight and cell
proliferation which may lead to tumor like breast cancer (Diel et al, 2006; Jefferson et al,
2007; Helferich et al, 2008). Diel and co-workers (2006) found that genistein (10 mg/kg/d)
increase uterine weight in ovariectomized rats but had no effect in intact female rats.
Moreover, genistein enhanced proliferating cell nuctear antigen (PCNA; proliferation marker
of epithelial cell in uterus) in ovariectomized rats compare with untreated ovariectomized
rats but PCNA was decreased in genistein treatment in intact female or ovariectomized rats
treated with estrogen. These suggested that genistein act as estrogenic effect in estrogen
deficiency but act as antiestrogenic in estrogen sufficiency. Similarly, Jefferson and co-
workers (2007) showed that given genistein (20 or 25 meg/kg) to neonatal mice increased
uterine weight during adulthood. In addition, subcutaneous injection of genistein (50 mg/kg)
can increase atrophic ovary while other concentrations (0.5, 5 or 25 mg/kg) can increase
abnormal ovary with no atrophy. These suggest that high dose of genistein can induce
infertility in adult female. However, perinatal female rat fed with diets containing 0 mg, 250
mg (low dose), and 1000 mg (high dose) daidzein/kg had no toxic effect in female
reproductive tract (Lamartiniere et al,, 2002).

The effect of phytoestrogens in male reproductive system is unclear. Vastag (2007)
reported that soybean decreased prostate cancer. However, Pan and co-workers (2008)
found that long-term treatment with high-dose daidzein (2-20 mg/kg, 90 days) induced
erectile dysfuncﬁon. Moreover, both tow and high tevels phytoestrogens in diet can reduce
germ cell and reproductive organs weight in male rodent (Weber et al., 2001; Robertson et
al,, 2002; Wisniewski et al., 2005; Assinder et al.,, 2007; Vicdan et al,, 2007). However, many

data reported that low dose phytoestrogens in diet had no influence on sperm quality or
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male reproductive organs (Mitchell et al. 2C01; Faqi et al., 2004; Wisniewski et al., 2005; Perry
et al,, 2007).

ANXIETY BEHAVIORAL MODEL

Animal models have been used to dissect the physiological basis of anxiety, these
models base on animals’ ethological conflict. The most common tests are open field test,
elevated plus-maze, light-dark compartment test and social interaction test. These models
base on the natural stimuli, fear of novel, open bright area and its exploratory nature.

Elevated plus maze (EPM) is widely accepted as a standard test for measuring anxiety
in rats (Pellow et al., 1985). Rats with anxiety are unlikely to be in an opened elevated area
of the maze and this anxiety behavior is improved upon receiving the anxiolytic agents, i.e.
benzodiazepines. Open field test (OF) is set up so that rats’s nature of avoiding the open
area would have less visit in the middle of the open field arena designated inner zone.
Then rats with lower level of anxiety would spend more time in this area. From previously
reports, it was shown that benzodiazepine increased number and time spent in open arm of
“the EPM (Pellow et al.,, 1985) and the time in inner zone of OF, and because of the use of
~ this drug in clinically GAD; it may be implied that EPM and OF were suitable for GAD.

In 1993, Graeff and co-workers developed an animal model of anxiety, the elevated
T-maze (ETM). This model can evaluate two types of anxiety in the same animal, ie.
learned (or conditioned) anxiety, represented by inhibitory avoidance behavior, and innate
(or unconditioned) fear, represented by one-way escape (Graeff et al.,, 1993; Viana et al,,
1994; Zangrossi and Graeff, 1997). This model was derived from the elevated plus-mazé,
composed of three elevated arms, one closed and two open. Inhibitory aQoidance behavior
was evaluated by placing the rat at the end of the closed arm and recording the time taken
to withdraw from this arm in 3 consecutive trials. One-way escape was evaluated by placing
the rat in the end of open arm and recording the time taken to withdraw from this arm.
Pharmacological studies have revealed that inhibitory avoidance was impaired by drugs that
were effective in treating generalized anxiety disorder (GAD) (Lu et al,, 2003; Custédio
Teixeira et al.,, 2000). Thus, the learned nature and the pharmacological sensitivity of this
behavior suggest that the inhibitory avoidance task is related to GAD. On the other hand,
one-way escape was increased by chronic treatments that were effective in treating panic

disorder (PD) (Custédio Teixeira et al,, 2000). Thus, based on the assumption that innate fear

-15-



is related to PD and the pharmacological sensitivity of PD, one-way escape hypothetically
represents panic anxiety (Graeff et al,, 1993; Zangrossi and Graeff, 1997; Custodio Teixeira et
al, 2000). Further, the extensive review on the effect of drugs that act upon the
serotonergic system on the animal models of anxiety suggested that ETM is a promising
animal model to represent GAD and PD, since the results are more consistent than those
using the elevated-plus maze (Pinheiro et al., 2007).

The open field test is now one of the most popular procedures in animal psychology
(reviewed by Prut and Belzung, 2003). Different versions are available, differing in shape of
the environment, lighting, presence of objects within the arena. The procedure generally
usually involves forced confrontaticn of a rodent with the situation. The animal was placed
in the center or close to the walls of the apparatus and the following behavioral parameters
were recorded for a period ranging from 2 to 20 min (usually 5 min): horizontal locomotion
(number of crossings of the lines marked on the floor), frequency of rearing (sometimes
termed vertical activity), grooming (protracted washing of the coat). In such a situation,
rodents spontaneously prefer the periphery of the apparatus more than the central parts of
the open field. Indeed, mice and rats walk close to the walls, a behavior called thigmotaxis.
Increases of time spent in the central part as well as of the ratio central/total locomotion or
increase of the latency to enter the central part are indications of anxiolysis.

The open field has become a convenient procedure to measure not only anxiety-like
behaviors, but also sedation or activity. In fact, anxiety behavior in the open field is
triggered by two factors: individual testing (the animal is separated from its social group) and
agoraphobia (as the arena is very large relative to the animal’s breeding or natural
environment). It is clear that these two factors may trigger anxiety behavior only in
gregarious species and/or in species that show fear of open spaces into which they are
forced. This is precisely the case with rodents that live in social groups and in small tunnels.
This is of course not the case in species such as lambs or cows that live in large fields. The
effects of many different drugs have been investigated in the open‘ | field, including
compounds with effective or potential anxiolytic effects (BDZs, 5-HT ligands, neuropeptides)
but also compounds with stimulant (amphetamine, cocaine), sedative (neuroleptic) or
prostration-inducing (epileptogenic drugs) activity. An increase in central locomotion or in
time spent in the central part of the device without modification of total locomotion and of
vertical exploration can be interpreted as an anxiolytic-like effect while the contrary, that is

a decrease of these variables, is associated with anxiogenic effects. Increased locomotion
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can be considered a stimulant effect while decrsased vertical activity and locomotion are

related to sedation.

The present investigation was therefore conducted to determine whether the
phytoestrogens (genistein and daidzein) can alleviated anxiety in ovariectomized rats
compared to that of estrogen, measured by the behavioral models of anxiety (ETM,
OF). Further, the effects of these phytoestrogens in the male rats on the anxiety level

and on male reproductive organs were also investigated.
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MATERIALS AND METHODS

The study was organized into two parts as follows:

Part 1: To study the effects of phytoestrogens i.e. genistein and daidzein on the anxiety-like
behaviors in the ovariectomized-induced anxiety rats using behavioral model, the
elevated T-maze

To define the time required to induce anxiety in ovariectomized female rats
- To study the anxiolytic effects of phytoestrogens i.e. genistein and daidzein

in ovariectomized-induced anxiety rats

Part 2: Te study the effects of phytoestrogens on the anxiety-like behaviors in the male rats
using behaviorat model, the elevated T-maze
- To study the effects of genistein on the anxiety-like behaviors in the male rats

- To study the effects of daidzein on the anxiety-like behaviors in the male rats

Animals

Male or Female Wistar rats weighing 180-200 gm at the beginning of the experiments
were obtained from National Laboratory Animal Center, Mahidol University (NLAC-MU),
Thailand. All animals were housed in pair in shoebox cage under 12h light/dark cycle (lights
on at 0600 h) at room temperature (2542°C). Standard rat chow and water were supplied
ad libitum. After 7-day adaptation period, all female rats were bilaterally ovariectomized
under anesthesia (Isoflurane; TerrellTM, Minrad Inc., Bethlehem, PA, USA). Body weight and
amount of food consumed were measured daily. In female rats, the uterine weight, the
indication of sex hormones deficiency was determined on the day of sacrifice. In male rats,
testes, epididymis, prostate gland and seminal vesicle were weighed on the day of sacrifice
as indicators of hormone disruptions. All procedures were done according to the National
Institutes of Health Guide for care and used of Laboratory animals under the approval of

Animal Used Committee, Faculty of Veterinary Science, Chulalongkorn University.
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Experimental protocol

Part | To study the effects of phytoestrogens i.e. genistein and daidzein on the anxiety-
like behaviors in the ovariectomized-induced anxiety rats using behavioral

model, the elevated T-maze

Study 1 - To define the time required to induce anxiety in ovariectomized

female rats

Ovariectomized female rats

l
l I

Estrogen
Vehicle 1 yg/kg s.c. daily
= 7 days . T~ 7days
— 14 days ; - 14 days
— 21 days = 21 days
— 28days . — 28 days

I |
I

I Tested with Elevated T-maze and Open field J

The ovariectomized rats were randomly assigned into 2 groups, vehicle
treated- (Ovx) and estrogen treated- (E2) eroups. For all rats, the chemical
administration were started 2 days after ovariectomy by daily injection of 17-
estradiol (Sigma, St. Louis, MO, USA; 1 pg/kg in 10% DMSO/propylene glycol)
subcutaneously into the dorsal region of the neck. Ovx groups, rats were injected by
an equivalent volume of the vehicle (10% DMSO/propylene glycol). In each group,
the rats were further assigned into 4 groups referring to time after ovariectomy i.e. 7,
14, 21 and 28 days in which the rats were tested with ETM and open field before

sacrificed.
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Study 2 - To study the anxiolytic effects of phytoestrogens i.e. genistein and

daidzein in ovariectomized-induced anxiety rats

Ovariectomized female rats

I Time required to induce anxiety (study I)

l ! ! l

Vehicle Estrogen ‘Genistein Daidzein
1 pg/kg s.c. daily 250 pg/kg s.c. daily 250 pg/kg s.c. daily

L l I I

28 days

{ Tested with Elevated T-maze and Open field ]

The rats were ovariectomized for time required to induce anxiety as
determined from study 1 (21 days) then they were randomly assigned into 4 groups,
vehicle treated- (Ovx), estrogen treated- (E2), genistein treated- (Gen) and daidzein
treated- (Dai) groups. For all rats, the chemical administration was started 2 days
after ovariectomy by daily injection of either 17p-estradiol (Sigma, St. Louis, MO, USA;
1 pg/ke), genistein (Sigma; 0.25 me/ke) or daidzein (Sigma; 0.25 mg/kg) subcutaneously
into the dorsal region of the neck. Ovx groups, rats were injected by an equivalent
volume of the vehicle (10% DMSO/propylene glycol). The chemical were given for
28 days before tested with ETM and open field.

Part 2: To study the effects of phytoestrogens on the anxiety-like behaviors in the
male rats using behavioral model, the elevated T-maze
Study 1 - To study the effects of genistein on the anxiety-like behaviors in

the male rats

Male rats

Vehicle Genistein Genistein Genistein
250 pg/ kg s.c. daily 500 pg/kg s.c. daily 1000 pg/kg s.c. daily

| | | |

5 weeks

! Tested with Elevated T-maze and Open field l
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The male rats were randomly assigned into 4 groups, vehicle treated- (vVeh)
and genistein treated- (Gen) groups at the dosages of 0.25, 0.50 and 1.00 mg/kg. For
all rats, the chemical administration was given by daily injection of vehicle (10%
DMSO/propylene glycol) or genistein (Sigma; 0.25 -1 me/kg) subcutaneously into the
dorsal region of the neck. Thé chemical were given for 5 weeks before tested with

ETM and open field.

Study 2 - To study the effects of daidzein on the anxiety-like behaviors in

the male rats

Male rats

J
| | 1 |

Vehicle Daidzein Daidzein Daidzein
250 pg/ kg s.c. daily 500 pg/kg s.c. daily 1000 pg/kg s.c. daily

| | NN ]

5 weeks

[ Tested with Elevated T-maze and Open field 1

The male rats were randomly assigned into 4 groups, vehicle treated- (Veh)
and daidzein treated- groups at the dosages of 0.25, 0.50 and 1.00 mg/kg. For all
rats, the chemical administration was given by daily injection of vehicle (10%
DMSO/propylene glycol) or daidzein (Sigma; 0.25 -1 mg/kg) subcutaneously into the
dorsal region of the neck. The chemical were given for 5 weeks before tested with

ETM and open field.

Behavioral assessment
Elevated T Maze

The elevated T maze (ETM) is modified from EPM in order to test the different form
of anxiety in the same rat. The ETM was made of wood and consisted of three arms with
equal dimensions (50 x 10 cm) (Figure 2-1). One arm, enclosed by walls (40 cm high) was
perpendicular to two opposed open arms. These three arms were connected by a square
(10 x 10 cm). The apparatus was elevated 50 cm above the floor. To prevent rats from

falling, the open arms were surrounded by a 1 cm high Plexiglas rim. Each test session
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consisted of three inhibitory avoidance trials and one escape trial held at 30-s intervals
according to the method of Graeff et al. (1993). Between the trials, the animals were placed
in the Plexiglas cage. On the first three inhibitory avoidance trials, each animal was placed
at the distal end of the enclosed arm facing the center of the maze. The baseline latency
was defined.as the time(s) required for the rat to leave this arm with all four paws. The
same measurement was repeated in two subsequent trials (avoidance 1 and 2). Following
avoidance training, the escape trial was conducted by placing the animal at the end of the
right open arm facing the center of the maze. The time the animal took to exit this arm
with four paws was recorded and designated as the escape time. For all tasks, a cutoff time
of 300 s was established. The behavioral tests were conducted between 0900 am and 1200

pm.
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Figure 2-1 The elevated T-maze composed of two open- and one closed-arms of equal dimension (10 x
50 cm), connected by center platform (10 x 10 cm). The closed-arm was enclosed by a 50-cm

wall, and the maze was elevated 50 cm above the floor.

Open field Test

After the ETM session, the animals were tested in the open field for 5 min and
recorded with a video camera for later analysis. The open field test was used in accordance
with the methods described by McCarthy et al. (1995). The open field was a wooden box
(76 cm long x 57 cm wide x 35 cm high) with a 48-square grid floor (6 x 8 squares, 9.5 cm
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per side) (Figure 2-2). The numbers of total crosses that the rat made during the 5 min in

this task were recorded as the locomotor activity.

S

Figure 2-2 The open field (A) was a rectangutar box of dimension (57 x 76 x 50 cm), in which the floor

was divided in to 6 x 8 squares (9.5 x 9.5 cm) (B).
Statistical analysis
All data were presented as mean and standard errors of mean (SEM). For comparison
between groups, student’s T-test or one way analysis of variance (ANOVA) followed by

Duncan multiple-comparison test was used as appropriate. Differences were considered

statistically significant at P < 0.05, unless stated otherwise.

-23-



RESULTS

The results of this study were organized into two parts as follows:

Part 1: The effects of phytoestrogens i.e. genistein and daidzein on the anxiety-like behaviors
in the ovariectomized-induced anxiety rats using behavioral model, the elevated T-
maze

- The period of estrogen-deprivation on anxiety induction in ovariectomized
female rats
- The anxiolytic effects of phytoestrogens i.e. genistein and daidzein in

ovariectomized-induced anxiety rats

Part 2: The effects of phytoestrogens on the anxiety-like behaviors in the male rats using
behavioral model, the elevated T-maze
- The effects of genistein on the anxiety-like behaviors in the male rats

- The effects of daidzein on the anxiety-like behaviors in the male rats
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Part 1: The effects of phytoestrogens i.e. genistein and daidzein on the anxiety-like
behaviors in the ovariectomized-induced anxiety rats using behavioral model,
the elevated T-maze
Study 1 - The period of estrogen-deprivation on anxiety induction in

ovariectomized female rats

The effects of Estrogen and estrogen deprivation at different time points on body weight

and uterine weight

At the beginning cf the experiment, body weights of all rats were not different.
However after ovariectomy for 7, 14, 21 and 28 days, the percent change of body weight
from the beginning of the experiment of 17f-estradiol treated rat (E,, 1 pg/kg) were less than
the vehicle treated- counterparts (Ovx) (P < 0.0001; Figure 3-1).

EuEEs s

151
10 1

Percent Changes of Body Weight

Day 7 i Day 14 Day 21 Day 28

Figure 3-1 The percent change of body weight of the ovariectomized rat treated with vehicle (Ovx) or
17[3—estradiol (€, 1 pg/kg). *** P < 0.0001 compared to Ovx on the same day by Student T-test,
n= 12 per group.

The lacking of ovarian hormones was confirmed by the reduction in uterine weight in
Ovx rats (Figure 3-2). The ratio of uterine weight to body weight was higher in estrogen
treated rats compared to Ovx- counterparts on the same day (P < 0.0001; Figure 3-2).
Moreover, we found that the reduction in uterine weight in the Ovx groups was in a time
dependent manner. There was a negative correlation between day and the uterine weight
= 0.7370, P < 0.0001) in that the longer the time following ovariectomy, the lowered the

uterine weight was found.
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Day 7 Day 14 Day 21 Day 28

Figure 3-2 The ratio of uterine weight to body weight of the ovariectomized rat treated with vehicle
(Ovx) or 17P-estradiol (E,, 1 pg/kg). *** P < 0.0001 compared to Ovx on the same day by
Student T-test, n= 12 per group.

The effects of Estrogen and estrogen deprivation at different time points on anxiety

The level of anxiety as measured by the elevated T-maze (ETM) is shown in Figure 3-
3, 3-4. For the inhibitory avoidance learning in the ETM of the Ovx groups, the baseline
latency was not different among treatments. However, the inhibitory avoidance 1 and 2
were impaired in the rats that were ovariectomized for 14, 21 and 28 days (Figure 3-3A).
The escape latency was not significantly different among rats that were ovariectomized at
different time points (Figure 3-3B).

For the inhibitory avoidance leamning in the ETM of the E2 groups, the baseline
latency, the inhibitory avoidance 1 and 2 were not different among treatments (Figure 3-4A).
Similarly, the escape latencies 1, 2 and 3 were not significantly different among
ovariectornized rats treated with estrogen (E2) at different time points (Figure 3-4B).

For the open field test, the total number of line crossed in the open field was not
differed among groups in both Ovx and E2 groups as shown in Figure 3-5. The total number
of crosses in the open field, the indicator of the locomotor activity suggested that the

effects seen in the ETM was not due to the changes of the rats’ locomotor.
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Figure 3-3A The inhibitory avoidance trials and B escape trials in the elevated T-maze of the
ovariectomized rat at day 7, 14, 21 and 28. Data presented as mean + SEM, different letters
denoted significant different at P < 0.05, ANOVA followed by Duncan’s multiple range test, n=
12 to each group.
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Figure 3-4A The inhibitory avoidance trials and B escape trials in the elevated T-maze of the
ovariectomized rats treated with estrogen (E2) at day 7, 14, 21 and 28. Data presented as
mean + SEM, n= 12 to each group.

Number of Line crossed in 5 min
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Figure 3-5 The number of 5 minute-line crossing in the open field of the ovariectomized rat (A) and the
ovariectomized rat treated with estrogen (E2) (B). Data presented as mean + SEM, n= 12 to

each group.
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Study 2 - The anxiolytic effects of phytoestrogens i.e. genistein and daidzein in

ovariectomized-induced anxiety rats
The results from the study 1 indicated that 21 days following ovariectomy

could induce anxiety in female rats when tested with behavioral model, ETM.

Therefore, this time point was used for further study.
The effects of phytoestrogens and estrogen on body weight and uterine weight

At the beginning of the experiment and 21 days after ovariectomy, the body weights
of all rats were not different (Figure 3-6). However after treated with estrogen (1 pg/ke),
genistein (0.25 mg/kg) or daidzein (0.25 mg/kg) for 28 days, the body weight of E2 group was
lowered than Veh, Gen and Dai groups while the body weights of Gen and Dai groups were
higher than Veh. Moreover, we found that the percent change of body weight at 28-day
after treated with veh, E2, Gen or Dai from the body weight at day 21 after ovariectomy was

lower in the E2 group compared to others (Figure 3-7).

EVeh BE2 OGen ODai
3507
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:

Figure 3-6 The body weight of the ovariectomized rat treated with vehicle (Veh), 17p-estradiol (E,, 1
ug/ke), genistein (Gen, 0.25 mg/kg) or daidzein (Dai, 0.25 mg/kg). Data presented as mean +
SEM, different letters denoted significant different at P < 0.05,, ANOVA followed by Duncan’s

multiple range test, n= 9-12 to each group.
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Figure 3-7 The percent change of body weight of the ovariectomized rat treated with vehicle, 17ﬁ~

estradiol (E,), genistein {(Gen) or daidzein (Dai). Data presented as mean + SEM, different letters

denoted significant different at P < 0.05, ANOVA followed by Duncan’s multiple range test, n= 9-

12 to each group.

The uterine weight, an indicator of ovarian hormones deprivation and the estrogenic

effects of hormone revealed that Gen and Dai had no uterotropic effect as shown by the

ratio of uterine weight to body weight in these two groups was not different from vehicle

~but lower than estrogen treated rats (P < 0.0001; Figure 3-8).

0.14
0.12+1
0.101
0.08

Ratio of Uterine Weight to Body Weight

Veh

E2

Figure 3-8 The ratio of uterine weight to body weight of the ovariectomized rat freated with vehicle,

17P-estradiol (E,), genistein (Gen) or daidzein (Dai). Data presented as mean + SEM, different

letters denoted significant different at P < 0.05, ANOVA followed by Duncan’s multiple range

test, n= 9-12 to each group.
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The effects of phytoestrogens and estrogen on anxiety

The level of anxiety as measured by the elevated T-maze (ETM) is shown in Figure 3-
9. For the inhibitory avoidance learning in the ETM, the baseline latency was not different
among treatments.  However, the inhibitory avoidance 2 was impaired in the
ovariectomized rats treated with vehicle (Figure 3-9A). Additionally, the data in the ETM
revealed that in daidzein treated group, the avoidance 2 latency was not significantly
different from vehicle, E2 or genistein treated groups. For the escape latency, there was no

significantly different among groups (Figure 3-9B).
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Figure 3-9A The inhibitory avoidance trials and B escape trials in the elevated T-maze of the
ovariectomized rat treated with vehicle, 17f-estradiol (E,), genistein (Gen) or daidzein (Dai).
Data presented as mean + SEM, different letters denoted significant different at P < 0.05,
ANOVA followed by Duncan’s multiple range test, n= 12 to each group.
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For the open field test, the total number of line crossed in the open field was not

differed among groups (Figure 3-10).

180 1
1601
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1201

Number of Line crossed in 5 min
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Figure 3-10 The number of 5 minute-line crossing in the open field of the ovariectomized rat treated with
vehicle, 17P-estradiol (E), genistein (Gen) or daidzein (Dai). Data presented as mean + SEM, n=

9-12 to each group.
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Part 2: The effects of phytoestrogens on the anxiety-like behaviors in the male rats
using behavioral model, the elevated T-maze

Study 1 - The effects of genistein on the anxiety-like behaviors in the male rats

The effects of phytoestrogen, genistein on body weight and reproductive organs weight

At the beginning of the experiment, the body weights of all rats were not different.
However, the percent change of body weight at 35-day after treated with genistein at the
dose of 1.00 mg/kg was lower than vehicle and genistein at the doses of 0.25 and 0.5 mg/kg
(Figure 3-11).
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Figure 3-11 The percent change of body weight of the male rat treated with vehicle or genistein (Gen,
0.25-1.00 mg/kg). Data presented as mean + SEM, different letters denoted significant different
at P < 0.05, ANOVA followed by Duncan’s muttiple range test, n= 9-10 to each group.

For the male reproductive organs i.e. testis, epididymis, prostate gland and seminal

vesicle, there was no statistically significant different between treatments (Table 1).

Table 3-1 The effects of genistein (0.25-1.00 mg/kg) on the ratio of reproductive organs to

body weight.
Testis' Epididymis1 Seminal vesicle'  Prostate gland1
Vehicle 0.49 + 0.01 0.13 + 0.005 0.26 +0.01 0.18 £ 0.01
Gen 0.25 mg/kg 0.49 + 0.01 0.13 + 0.002 0.24 +0.02 0.17 £ 0.01
Gen 0.50 mg/kg 0.49 + 0.01 0.14 + 0.004 0.27 +0.01 0.19 + 0.01
Gen 1.00 mg/kg 0.50 + 0.01 0.14 + 0.004 0.27 +0.01 0.18 + 0.01

Data presented as mean + SEM, n= 9-10 to each group.

! ratio of organ to body weight
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The effects of phytoestrogen, genistein on anxiety

The level of anxiety as measured by the elevated T-maze (ETM) is shown in Figure 3-
12. For the inhibitory avoidance learning in the ETM, there was no significantly different
among groups (Figure 3-12A). For the escape latency, we found that the high dose of
genistein (1 mg/kg) tended to increase anxiety as the escape 1 latency was lower than
others (P = 0.0578; Figure 3-12B). The total number of line crossed during 5 min in the

open field was not different between treatments (data not shown).
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Figure 3-12A The inhibitory avoidance trials and B escape trials in the elevated T-maze of the male rat
treated with vehicle or genistein (Gen, 0.25-1.00 mg/kg). Data presented as mean + SEM,
different letters denoted significant different at P < 0.05, ANOVA followed by Duncan’s multiple

range test, n= 9-10 to each group.
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Study 2 - The effects of daidzein on the anxiety-like behaviors in the male rats

The effects of phytoestrogen, daidzein on body weight and reproductive organs weight
At the beginning of the experiment, the body weights of all rats were not different.

Moreover, after treated with daidzein for 35 days, there was no significant different in body

weight and percent change of body weight (Table 2).

Table 3-2 The effects of daidzein (0.25-1.00 mg/kg) on the body weight.

Start End - Percent change of body weight
Vehicle 270.00 + 5.25 424,72 + 7.04 5753 £ 2.47
Dai 0.25 mg/kg 258.00 + 6.77 408.25 + 12.80 58.20 + 2.59
Dai 0.50 mg/kg 262.25 + 5.28 422.00 + 2.38 61.44 + 297
Dai 1.00 mg/ks 262.50 + 6.65 427.75 + 7.88 63.40 + 2.75

Data presented as mean + SEM, n= 9-10 to each group.

For the male reproductive organs i.e. testis, epididymis, prostate gland and seminal
vesicle, there was no statistically significant different between treatments (Table 3).
However, there was tended to be different in ratio of prostate gland to body weight (P =
0.0975) in that at high dose of daidzein (1 me/kg), the prostate gtand tended to be lower

than others.

Table 3-3 The effects of daidzein (0.25-1.00 mg/ke) on the ratio of reproductive organs to

body weight.
Testis Epididymis1 Seminal vesicle'  Prostate gland1
Vehicle 0.47 + 0.01 0.13 + 0.004 0.26 +0.01 0.160 + 0.010
Dai 0.25 mg/kg 0.50 + 0.02 0.14 + 0.005 0.27 +0.01 0.182 + 0.006
Dai 0.50 mg/kg 0.47 £ 0.01 0.14 + 0.003 0.28 +0.01 0.175 + 0.009
Dai 1.00 mg/kg 0.47 + 0.02 0.14 + 0.004 0.26 +0.01 0.156 + 0.007

Data presented as mean + SEM, n= 9-10 to each group.

! ratio of organ to body weight
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The effects of phytoestrogen, daidzein on anxiety

The level of anxiety as measured by the elevated T-maze (ETM) is shown in Figure 3-
13. For the inhibitory avoidance learning in the ETM, the baseline latency was not different
between groups. The inhibitory avoidance 2 latency was significant lower in daidzein
treated rat but only at low dose (0.25 mg/kg) (Figure 3-13A). For the escape latency, there
was no significant different between treatments (Figure 1-13B). The total number of line

crossed during 5 min in the open field was not different between treatments (data not

shown).
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Figure 3-13A The inhibitory avoidance trials and B escape trials in the elevated T-maze of the male rat
treated with vehicle or daidzein (Dai, 0.25-1.00 meg/kg). Data presented as mean + SEM,
different letters denoted significant different at P < 0.05, ANOVA followed by Duncan’s multiple

range test, n= 9-10 to each group.
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DISCUSSION
The effects of phytoestrogens and estrogen on the body weight

In female rats that were ovariectomized and supplemented with or without estrogen
for 7, 14, 21 and 28 days; the body weight of estrogen-treated rats was lowered than Ovx
counterparts. In the next study, estrogen, genistein or daidzein were given to 21-day
ovariectomized rats for 28 day, the results showed similar finding in that the body weight of
estrogen-treated rats was lowered than Ovx, genistein and daidzein treated groups. The
reduced in body weight gain in estrogen-treated rats may be caused by the activation of
ERa. As Heine et al. (2000) and Musatov et al. (2007) have shown that lacking ERa in
knockout mice or silencing of ERa in the ventromedial hypothalamus in rats produced a
decrease in basal metabolic rate and an increase in respiratory quotient reflecting a
reduction in the efficiency of fatty acid oxidation. Thic was also evident by the increase in
visceral fat accumulation in Ovx rats. Further, it had been shown that the anorexic effect
can be induced by injection of ERa. agonist (Santollo et al., 2007). It is likely that estrogen
may " activate ERa and resulting in higher basal metabolic rate. The reason that
phytoestrogens like genistein and daidzein had no effect on body weight may probably due
to the binding selectivity of these substances that it prefers ERp over ERa.. However, it was
recently shown that phytoestrogen-rich diet could increase energy expenditure and
decrease adiposity in mice (Cederroth et al., 2007) but it may require a higher dose than
used in this study to induce this effect.

In the intact male rats, the percent changes of body weight in genistein (0.25 and
0.50 mg/kg) and daidzein (0.25-1.00 mg/kg) treated groups were not different from control
but was decreased in high dose genistein (1.00 mg/kg) treated group. Similarly Lund and
Lephart (2001) fed diet containing phytoestrogen (600 pg/g diet) and found that the body
weight of both male and fenale rats were lower than rats fed with phytoestrogen-free diet.
in diet containing lower level of phytoestrogen (150 g isoflavone /g diet) had no effect on
body weight (Hartley et al.,, 2003). This data could be explained by that the high dose
genistein may bind and activate ERa resulting in higher metabolic rate in this rat and thus

weight gain was then less than others.
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The effects of phytoestrogens and estrogen on the reproductive organs weight

In the current study, at the end of the experiment, the reproductive organs i.e.
uterus in female; testis, -epididymis, prostate gland and - seminal vesicle in male were
collected and used as indicators of hormone affecting target organs. In female that were
ovariectomized, the ratio of uterine weight to body weight was lowered as the time after
ovariectomized was lengthened. In the estrogen treated groups, the uterine weight was
higher than vehicle group; while phytoestrogens, genistein and daidzein had no effect on
uterine weight. These findings were somewhat different from others since many have shown
that uterine weight was increased following genistein treatment (Diel et al., 2006; Rimoldi et
al,, 2007). This difference may be due to the dosages (>10 mg/kg) and the length of
administration (3 months).

In intact male rats, genistein and daidzein at all doses had no significant =ffect on
male reproductive organs weight. However, it should be noted that daidzein at high dose (1
mg/kg) tended to reduce prostate gland weight. This reduction in prostate gland weight had
been reported by Huang et al. (2008); however, in their study the daidzein were orally given
at a higher dose (2, 20 and 100 mg/kg) for a longer time (90 days). Moreover, Hsu et al.
(2009) had shown that genistein and daidzein can induce apoptosis in benign prostate

hyperplasia (BPH-1) cells, suggesting that they may have cytotoxic effect.
The effects of estrogen and phytoestrogens on the anxiety-like behavior

The anxiety-like behavior was measured utilizing elevated-T maze, the decrease in
‘avoidance 2 latency or the increase in escape latency explicit lowered level of anxiety in
relating to GAD and PD, respectively. In female that were ovariectomized and tested with
ETM at day 7, 14, 21 and 28, we found that the avoidance 2 latency of Ovx rats at day 21
and 28 were significantly lowered than at day 7. This suggested that 21 days following
ovariectomy was sufficient to induce anxiety in female rats. Moreover, in the current study
we also demonstrated that in anxious rats, estrogen and genistein were able to alleviate
anxiety in these rats. Although the avoidance 2 latency in daidzein treated group was
lowered than vehicle but it was not statistically significant suggesting that higher dose or

longer time may be required. These findings are consistent with previous reports that
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estrogen contained anxiolytic effect both in clinical trials band laboratory animal studies
(Diaz-Veliz et al., 1997; Seeman, 1997; Shekhar et al., 2001; Pandaranandaka et al., 2006;
2009). As estrogen is able to reduce anxiety, it is then unsurprised that phytoestrogen like
genistein and daidzein has similar effect.

In intact male rats, the behavioral data showed that genistein had no effect on
anxiety as measured by ETM. However, it should be noted that the escape latency of the
rats treated with high dose genistein (1.00 mg/kg) tended to be lowered than others
indicated that these rats were more anxious. For daidzein, it is likely that daidzein at low
dose (0.25 mg/kg) contained anxiolytic effect in intact male rats as shown by lowered
avoidance 2 latency in these rats. |

Previously, the effect of phytoestrogen on anxiety had been reported (Hartley et al,
2003; Lephart et al, 2002; 2004); both anxiogenic and anxiolytic were demonstrated. As
shown in this study, the sex of animal is one factor contributing to anxiety level. Lund and
Lephart (2001) and Lephart et al. (2002) reported that giver life-long phytoestrogen-riched
diet (600 pg/g diet) can reduce anxiety in both male and female rats when tested with
elevated plus-maze. Contrarily, Hartley et al. (2003) have shown that given phytoestrogen-
riched diet (150 pg/e diet) for 14 days was indeed anxiogenic in male rats. The differences
between theirs and this study were the substance, route and length of administration. They
used the phytoestrogen diet with varies level of phytoestrogen; however, amount of food
consumption and the intestinal bacterial had to taken into account. On the other hand, we
~ used pure substance with calculated given amount, so the effect was rather specific to each
substance.  Nevertheless, in female that lacks of estrogen, it is quite clear that
phytoestrogens i.e. genistein and daidzein can be used as an alternative for estrogen as they
have anxiolytic effect with no adverse effect on reproductive organ. However, in intact male
rats, the phytoestrogens were acting as anxiogenic, anxiolytic or no effect depending on the
type of phytoestrogens (genistein v.s. daidzein) and doses of each substance.

It is now recognized that estrogen exerts its anxiolytic effect through the ERB (Krezel
et al,, 2001; Walf and Frye, 2005; 2007). However, from the immunohistochemical study, it
was demonstrated that ERp was indeed co-localized with ERa in the central nervous system
(Shughrue et al., 1998). In which the ERa and ERP were shown to signal in opposite ways
(Paech et al, 1997); and it also showed that the estrogen can exert its effect through
homodimerization or heterodimerization between two subtypes (Cowley et al,, 1997). These

may result in various outcomes. It is known that phytoestrogen is more selective to ERp
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than ERa while the estrogen prefers ERa than ERB (Kuiper et al., 1998; Terreaux et al., 2003).
However, different phytoestrogens also differed in its binding affinity; the relative binding
affinity of ERP to ERa was shown to be 20 and 5 fold for genistein and daidzein, respectivety
(Kuiper et al., 1998). Not only the difference in binding affinity that account for the action of
phytoestrogen but estrogenic potency has to be taken too. Kuiper et al. (1998) reported the
ranking of estrogenic potency of phytoestrogens for both ER subtypes in the transactivation
assay; that is E;>>>genistein>daidzein for ERa and E;>>>genistein>>daidzein. From all of
above, we then postulated that in intact male the high dose of genistein may activate ERa
and resulting in anxiogenic effect. For daidzein, as it prefers to bind tc ERB than ERa , at the
low dose it may activate ERB and resulting in anxiolytic effect; while at the higher dose it
may somehow bind and activate ERa. and may counter the action of ERB resulting in no
effect on anxiety. Moreover, it had been shown that daidzein at higher dose (>2 mg/kg) can
down regulate ERB expression with no effect on ERa (Pan et al., 2008); this may be partially
responsible for effect seen in this study.

In conclusion, the current study had demonstrated that lacking of ovarian hormones
for at least 3 weeks was sufficient to induce anxiety in ovariectomized female rats when
tested with the behavioral model, elevated T-maze. Further, after anxiety -had been
induced by ovariectomized, phytoestrogens i.e. genistein and daidzein (0.25 mg/kg, 28 days)
can reverse this anxiogenic effect with no uterotrophic effect. This is of interested as it may
be applicable for further clinical trials to be used as an alternative to estrogen in patients
that the uses of estrogen were contraindicated. Moreover, the current study atso
demonstrated that phytoestrogen, genistein (1.00 mg.ke, 35 days) contained anxiogenic
effect; while daidzein (0.25 mg/kg, 35 days) contained anxiolytic effect in intact male. Based
- on these findings, the usages of phytoestrogen as supplement food should be done with
precaution in intact male. Further, the mechanism underlying behavioral changes is

currently under investigated.
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