Chapter Il

Literature Review

2.1 Phytoestrogens

Phytoestrogens are a b %XU denved substances that behave as

endogenous estrogens. m are thm classes of phytoestrogens:

concentrations in clover,

inflower seeds, soybeans,
soy flour, soy flakes, and tofu (Franke et aI 1995; Colborn, Dumanaski, and Myers,

1996; Murkies ﬁau ﬁf}w E}W&N m ﬁn%ns more than one type

of phytoestrogelﬂ (Murkies et al. 19°98)
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The major isoflavones, genistein and daidzein, are commonly found in the
bound form as glycosides, genistin and daidzin, which are biologically inactive. They
are derived from precursors, biochanin A and formononetin, which are broken down
by intestinal bacteria into glucosides and then, converted to genistein and daidzein,

respectively. Genistein is further partially metabolized to estrogenically inactive p-



Table 2.1 Phytoestrogens contents in P. mirifica (Adapted from Panriansaen, 2000)

Category Phytoestrogens References

Coumestans Coumestrol Ingham et al., 1986, 1988
Mirificoumestan Ingham et al., 1988
Mirificoumestan glycol Ingham et al., 1988

Mirificoumestan Ingham et al., 1988

ngham et al., 1986
—
~ w.lngham et al., 1986

Isoflavones Daidzein

et al.,, 1986

etal., 1986, 1989

ham et al., 1986
Kwakhurin hydiaté L = gham et al., 1989

ngham et al., 1986

am et al., 1986

Puer Ingmn et al,, 1986, 1989
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Jones and Pope, 1960
Deoxymiroestrol Chansakaow et al., 2000

B-sitosterol Hoyadom, 1971

Stigmasterol Hoyadom, 1971




ethylphenol. Daidzein, is also metabolized to estrogenically inactive substances,
equol and O-desmethyllangdensin (O-DMA), respectively. The estrogenically active
lignans, enterodiol and enterolactone, are derived from the precursors,
secoislariciresinol and matairesinol, found in the aleuronic layer of the grain close to
the fiber layer (Knight and Eden, 1996; Head, 1997: Murkies et al., 1998; Liggins,
Grimwood, and Bingham, 2000). In humans, after the consumption of lignans and
isoflavones, complex enzymatic co Y sions occur in the gastrointestinal tract
resulting in the formation of hegerocycic?r /ﬁ with a close similarity in structure to
estrogens. Absorbed ph@én geta@dergo enterohepatic circulation
and may be excreted W conjug@e intestinal flora, reabsorbed

and reconjugated with cidjin’ the liver as in the case of endogenous

\ -
ne(mﬁ and Eden, 1996; Head, 1997; Murkies

wk

‘of} jﬂ'ée ahd total genistein and daidzein are
sl J L A

elfghve?( geni teh; and daidzein are 7 and 4 hour
in women and 4 and 3 hougin m& resa%ly u and Anderson, 1998; Busby et
- 12

*ll\. ks,

., 2002). Phytoestrogens and ﬂﬁme%am detected in urine, feces, blood,

_-.d__,___‘___

and amniotic fluid (Xulet al,, 1995 Klngl 1998; K _prsm 1998; Adlercreutz et

al.,, 1999; Liggins eY-‘é; 2000), and their ?.ﬂ’éended on the amount of

phytoestrogen consum tlon (Karr etal, 1997 Setchell et al., 1980; Lampe, 2003).

2.1.3 Blnilﬂglgﬂdg &&Lm g wg Hllt;rj
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endogen s estrogens (Petrakis et al., 1996). Chemical structure of estrogens;

estrogens, and then excrefe
et al., 1998). After con

rapidly cleared up from pl

estrone, estradiol, and estriol, is a C-18 steroid with four fused and non-polar rings
(rings A — D) and has an aromatic ring A and a phenolic hydroxy group at position 3
(Smith et al., 1983; Voet, Voet, and Pratt, 1999). The nonsteroidal structures of
phytoestrogens, which present phenolic ring structure, are closely related to

estrogens (Figure 2.1). When both structures of phytoestrogens and estradiol are
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superimposed, the distance between the hydroxy groups of both molecules is
identical. Based on the structural similairties, phytoestrogens can bind to estrogen
receptor (ER) (Setchell, 1998; Hopert et al., 1998) and act as a weak estrogen

(Setchell, 1998).

Many biological effects of phytoestrogens occur by the direct interaction with
ER at the target sites. The study on the interaction of phytoestrogens with ER in

human breast cancer cell line, MCFE \daﬁ Ehzt both coumestrol and genistein can

bind ER in the cytoplasm aqutransloc e nucleus (Martln et al, 1978).

Phytoestrogens were foun ibit 1he _" bindingof estrogen to uterine receptor
(Shutt and Cox, 1972 (o} ¥ \ﬁ&qg affinity of the receptors in

sheep uterine cytosol

potency in vivo, had

than endogenous estrogen (S&G_t?:gnd' G‘gn' Santell et al., 1997). Tang and

Adams (1980) also foind that‘eqdor a mo% ioﬂarone that is converted from

daidzein, is antagoﬁl’ c-to-estrad

these phytoestrogenic 5Jbstances

estrogenic response after‘bindin

AUYINENIANYNT

Estrogen receptors have be%n classified mto two typeUERa and ERB).
cerissoP PPN 10 SV $EAEIETA P TR
vitro, are more potent binding with ERB than ERa (Kuiper et al., 1997;: Casanova et
al., 1999). Both receptor types (o and B) express in many tissues with different
contents. ERa expresses mainly in the uterus, testis, ovary, kidney, epididymis, and
adrenal, whereas ERP expresses in the prostate, ovary, lung, bladder, brain, uterus,

testis, kidney, mammary gland, and bone cells (Kuiper et al., 1997; Gustafsson,
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1999; Weihua et al., 2000). Onoe et al (1997) studied the expression of ERB mRNA
in rat osteoblastic cells using PCR technique, and found that ERB mRNA was slightly
detected in the primary osteoblastic cells, and the concentration of ERB mRNA

gradually increased during the differentiation of immature osteoblast into mature

osteoblasts.

Daidzein &, [V Genistein

AUEINENIWIAT
ARAINFREN TN Y

Formononetin

Figure 2.1 A comparison of the chemical structures of phytoestrogens, estradiol, and

diethylstilbestrol, synthetic estrogen (Murkies et al., 1998)



12

2.2 Estrogen

Estrogen is a group of substances, which is a female hormone that mainly
regulates reproductive systems. Estrogen cooperates with pituitary gonadotropins,
both FSH and LH, to stimulate and regulate reproductive organs and their functions

throughout the reproductive life.

2.2.1 Role in the Menstrual Cycf' /

In humans as well as '\mﬁum%les the reproductive cycle or so-
“in_nor o -
called menstrual cycle ?ed into 2 Mllicular and luteal. In follicular

phase, after the cess ; N(Enstn%m.a particular follicle begins to
\

enlarge in the ovary#ind

.ﬂg_,g

L 1
i
P

development of the folli

Ao
but, in response to the/sti lion-by-- ! anulosa cells that surround the

follicle synthesize estrog

cells results in a rise of serum éstradiol 1@3&%@ reaches to the maximal level

e N
24 hours before the ﬂeak level-of £H. ﬂ% levsl c?,estradiol stimulates further

GnRH secretion fro‘ri"n he hypothalamus ir

H fron;ﬁ the pituitary gland. Serum
progesterone levels are\‘ low durin tMoIIicular hase. The LH rise and peak
herald the endﬁ{_%i.l tiJ HIiMﬂﬂ(ﬁrﬂﬂ jefo]rtﬁtion by 16 - 18 hours.
AT YD e
Everitt,/agﬁp

In luteal phase, immediately following the release of ovum from the follicle or

= .
the latter increases thfjsecretidn of FS

ovulation, the granulosa cells around the ruptured follicle drive luteinization and form
the corpus luteum. LH is necessary for the formation and maintenance of the corpus
luteum. Corpus luteum secretes a large amount of progesterone and a smaller

amount of estrogen, increasing serum levels of these hormones. The high levels of
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serum estradiol and progesterone turn to inhibit both GnRH secretion from the
hypothalamus and FSH and LH secretion from the anterior pituitary gland. Serum
levels of FSH and LH fall thereafter. As serum FSH and LH levels are low during the
luteal phase, the follicular growth diminishes and no new follicle begins to grow in the
ovary. Progesterone is required for preparation and maintenance of the secretory
endometrium that provides early nourishment for the implanted blastocyst. In the

absence of implantation, the corpus ul m regress and menstruation ensues; after

\
the endometrium is shed caIIQd menstru new cycle commences. The luteal
phase is always 14 + 2 myengy\ in menstrual cycle length are

almost always due to

lar ‘phas\@ et al., 1983; Granner, 1988:

1

Rhoades and Pflanzer, 1
£

2.2.2 Role in B lism

wk

Estrogens act to cohsérve. bone have an anabolic effect on bone.

" [

dlall

toniﬁéfl;y S\"&%s bone turnover and maintain balance
o ks ""'5"1:4'"

rates of bone formation and bonmsor;%ﬁt the cellular level, estrogens affect

-

_-.d__,___‘___

At the tissue level, estroge

the generation, Ilfespén and functlonal activity é}eoclasts and osteoblasts.

vl ?sm”
Estrogen deficiency ‘induces bone loss and n postmenopausal women.

{
Although the exact mé!SLanism has not been elumdateHLyet one mechanism of bone

loss induced bﬁﬁ?ﬁ] q%ﬁmﬂﬂ%ﬂﬁf Parathyroid hormone

(PTH), Mckenna'and Frame, 1987; Granner 1988) PTH, a bone-resorblng factor
- m@%ﬂ%ﬁ%ﬂﬁ%&%’m bbb of b cae
However the net effect of PTH is bone destruction, with the concomitant release of
calcium, phosphate, and organic matrix elements, including collagen breakdown
products from osteoclasts. In addition, low concentration of PTH stimulates the
differentiation of osteoclast cells. However, PTH also has an anabolic effect (bone

formation). PTH can increase osteoblast cells and increase the alkaline phosphatase
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activity that reflects new bone formation (Mckenna and Frame, 1987; Granner, 1988;

Riggs, Khosla, and Melton, 2002).

2.3 Estrogenic Effect of Phytoestrogens

2.3.1 Effects on Reproduction

Miroestrol, which has a Qg\ns\eg%re with a heterocyclic fused ring, is

phytoestrogenic substance‘%d o_yly mﬁb\ of P. mirifica (Pope et al., 1958;

Bounds and Pope, 19&?’5’{ s coW?rkeQﬁB) found that miroestrol has
3 '\_I‘ .

a functional similarity to e estrogens in 'Tﬁn;gct ovaries rats and mice. This
4 mﬂaﬂtﬁ n . of t;.; blastocyst in the normal
eﬂ? e’ and agjngl growth, increased uterine
n;egliilhe,f mount of u?d in the uterine of immature

Nl

isolated substance prev

inseminated female rats,

weight as estradiol and a

mice. It also produced cor

and ovariectomized-adrenalectomized ra

_ wnes and Pope, 1960). It did not,
LA S N

{

however, stimulate the sécretion of enwffy the ovaries or adrenal
Y

: ([
glands (Jones and P'bdz_, 1960). ? =

Besides, in rats, mifestrol had about half the activity of estradiol in reducing

the body weigﬂy %qu«mm ﬁeﬂbﬂd}mlﬁgenic potency in both
the ovariectomiz?d rats and mice by"restorin the=m ulég{r h in the same
manner/% Er;]iﬁjﬂ mhj. myﬁg ;ly[ﬁﬁ ans injection, its
potency is about 0.7 times of estradiol in ovariectomized rats, 2.2 times of estrone in
mice on mammogenic activity (Benson, Cowie, and Hosking, 1961), and about 1.2
and 1.25 times of estradiol on the mouse uterine-weight and rat vaginal smear tests,

respectively (Kashemsanta et al., 1957). Miroestrol given subcutaneously in multiple

doses was as potent as estradiol and given drally was potent three times higher than
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stilboestrol, one type of phytoestrogens in increasing the uterine weight in the

immature female mice (Jones and Pope, 1960).

Other phytoestrogens from soy, soy diet, and other legumes also have been
reported about the estrogenic activities (Fredricks et al., 1981, Phipps et al., 1993;
Drapper, 1997). In the 1940s, the estrogenic effect of plant phytoestrogens was first
described as crucial importance with the outbreak of infertility sheep grazing on
pasture rich in subterranean clover\(vlw subterraneum L.), an annual plant in
Western Australia, later known\s “clover ‘_‘_SBennetts Underwood, and Shier

h p"‘ture eweg__at_e great amount of coumestans

1946). Prolonged expi::J/Ec

and isoflavones, which

ent infertility:and reduced the ovulation rate

in ewes because of a r he VI caelastlc:ty of eervical mucus, morphological

. )
h‘___-l"l

changes of the cervj reas amount of mucus production. These

phytoestrogens also caused a petm a loss {rom the cervix and reduced the

SR
et a& 13?;& Adams, 1995). Offspring male rats

.HJ-

chance of conception (

receiving coumestrol via otﬁ&?‘é:' milk‘? g the critical period reduced the

frequency of sexual behavior ‘“Aithéugh tﬁb’%ﬁﬂcmar w?ght or plasma testosterone
b

levels wee not ,:-“---------: ------ al., 1995), they sh ' a reduction of frequency

both in mount and in g&culatlon and a prolonged laten Jy to mount and ejaculation.

With the same protocol,“female rats exhibited a persistent cornification of vaginal

epithelia reserrﬂ uﬂ g‘niﬂﬂ Y\L‘i m&m failed to elicit the LH
elevation after tradiol s ion x;é: 93; Whitten et

1995)‘] w i@t\iﬁﬁ mmﬁiﬁﬂm ﬂre primary and
primordial follicles and increased the number of large maturing follicles and graffian
follicles in rats (Sheehan, Medlock, and Burroughs, 1996). When the trial of
phytoestrogenic effect was conducted in female mice, coumestrol isolated from

alfalfa induced the reduction of ovulation rate as well as increased the incidence of

embryo degeneracy in a dose dependent manner (Fredricks et al., 1981).
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Phytoestrogenic substances also play a role in disturbing hormonal levels in
various vertebrates. Both male and female goldfishes exposed to B-sitosterol had a
reduction of plasma steroids concurrence with an increase in GtH-I, gonadotropin |,
which has a high degree of homology with LH, similar to the result of estrogenic
effect. An increase in GtH-I after reduction of plasma steroids may be due to a
decrease in gonadal steroid biosynthesis capacity rather than to an inhibition of

gonadotropin secretion from the pit ‘t? (Maclatchy and Kraak, 1995). From the

study in mammals, coumestrol diet
o

pulses in sheep during thmlg sqasofttMﬁgmery et al., 1985). All doses of

B-sitosterol and coumW t,

increased basal LH an

Y /ne decreased the amplitude of LH

ﬁ--h"'h—.
|gh dose -of ﬁc_:ggmestrol (10 png), significantly

LH releases in both castrated male and

-
-JJ".«

female rats that receivi 'bstam:es unng neonatal period (Register et al.,

1995). This phenomenoa w

the adult castrated female rats that
y

received genistein during pre ., 1995).

There has recently been'é*g at d'@merest in the hormonal effect of soy
phytoestrogens in h;iman Wst“studnegl C been fene in women, especially

premenopausal wo "';, but only a few studies ,Qd'nenopausal women. The

interest in hormonal eﬁdcts of soy on pre enopausal Mmen has centered mainly in
the potential ben breast cancer. It has
been believed@ a?ﬁ gj‘ﬁdi(ﬁ‘g :i;fj correlated with a low
e TR SR TATT

treatmeaoﬁjmenopausal women are regarded as the risk factor of such cancers.
Outcome of soy phytoestrogen consumption on endogenous estrogen levels have
been inconsistent among those reports, even though there are trend toward the
notion that it decrease the estrogen concentrations (Wu et al, 2000). Previous

reports demonstrated that isoflavones from a soy diet altered gonadotropin levels

after a daily consumption and increased the length of menstrual cycle in normally
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cycling women, although there have been conflicting data (Cassidy et al., 1994,
1995; Duncan et al., 1999; Lu et al., 1996, 2000; Kurzer et al., 2000). Consumption
of soy isoflavones caused a statistically significant reduction in serum luteal estradiol
levels in women, but there were no significant changes in concentration of follicular
phase estradiol, luteal phase progesterone, sex hormone binding globulin (SHBG), or

length of menstrual cycle (Wu et al., 2000).

Osteoporosis is anﬁ{t m;tabééﬁe disease affecting women with

ovarian deficiency. /I-M/ meﬁt@HRT) with estrogen should

theoretically be the best e! réyention and treatment of postmenopausal

2.3.2 Effects on Bone \

-

i ﬁwahgb ‘qinstrated that HRT is effective not only

—

o
S0 in retarding the loss of bone mass

women interest in a nonhormdﬁéﬁhe@ articularly the phytoestrogens, for the

- "‘ o 9
prevention of osteog_ﬁ_lpsis. o ﬁ

\ 7 y ? ;>..J
o =
Phytoestrogens Jave a : prevghting bone fracture by the

preventing bone loss and an, increase in bere mineral content (BMC). From in vitro

study, the Iom@jou&ggmﬂweitm &ja’i;Lnje mass and lost less
trabecular bone than that in_contfol, whi igher 0. mg/day) is less
eﬁectivreirﬁil &ﬁnimiﬁ jﬂnﬁﬂﬁgﬂ‘g is a biphasic

effect of genistein on preventing bone loss (Anderson et al., 1998). By the studies

using rat femoral-metaphyseal tissue and mouse marrow culture, there were found
that the decrease in bone calcium content induced by bone-resorbing factors such as
PTH, and prostaglandin E, was inhibited completely by genistein. The inhibitory

effect of genistein on the bone resorption stimulated by PTH was clearly prevented
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by the administration of tamoxifen, an anti-estrogen reagent. Genistein did not
further enhance the inhibitory effect of estrogen on the bone resorption stimulated by
PTH (Yamaguchi and Gao, 1998; Gao and Yamaguchi, 1999a). Coumestrol and
estradiol treatments inhibited the bone resorption stimulated by PTH without affecting
basal bone resorption in fetal rat limb bone. Coumestrol also increased calcium
content of 9-day-old embryonic chick femur culture. This effect was not found in
estradiol. The effective concentration [oumestrol for inhibiting bone resorption and

that for stimulating bone mlnerahza“hL out the same (Smith et al., 1983;

Tsutsumi, 1995). "'""'--— 2
f "-H‘-"'"-
In vivo study, ggﬁ(/ S0y ould res‘t;Fé‘me increase of B-lymphopoiesis

and bone loss cause - de u' : ¥, without'a substantial effect on uterus

in ovarictomized mic

greater rate of periosteal bone fqrmatl oS ' at of control (Blum et al., 2003).
From the study in humans, nta‘lde of iSofl@ for six months significantly increased

BMC and bone mlner;ﬁl denswy(B'MES) m f@%‘e go !menopausal women (Potter

H

et al.,, 1998). Japa ese postmenopausal wom SUmed daily capsules of soy

or foun_‘—_bveeks reduced significantly
urinary excretion of boﬁeﬁesorptlon markers ridincline_and deoxypyridinoline
(Uesugi, Fukuﬂlu\&jng wiwaﬂﬁﬁ %B-the reduction in bone
resorpti i ? ostmenopausal
women %lﬁj qnﬁymglf soy isoflavone may |nh|l‘;?jbone fracture or

osteoporosis (Yamori et al., 2002). It can be concluded that isoflavones and

isoflavone extract (61_.} mg of i

coumestrol have a beneficial effect on protection of bone loss caused by estrogen

deficiency (Barnes, 1998; Murkies et al., 1998; Setchell, 1998).
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2.4 Estrogenic Effects of P. mirifica

The estrogenic activities of phytoestrogens were reported not only on the
isolated phytoestrogens from soy, legumes, and their products but also on crude
extract of P. mirifica. Sukhavachana (1941) firstly reported that the administration of
crude extract of P. mirifica produced cornified cells, growth of the endometrium
gland, and the proliferation of the spiral arteries in ovariectomized rats, in addition to
these, increased breast tenderne"q;%Il zi/ ucorrhea in ovariectomized women.
Muangdet and Anuntalabhoanai (1985) that a low dose of P. mirifica
increased size and numbr
and 20 days, while a m? ;

the survival rate a

i ct cgﬂs—n.tﬂale Japanese quails fed for 10

. <

I nger perioa'Mdays) of treatment decreased

mh;bm the increased body weight in quails.

"J__-l-

p""l"

number and size of fetal mplaiﬁﬁﬂon in

@l

rine horns were significantly reduced,

and gestation lengtmwas prdloﬁg'ed |n¢‘fen'f B“ rats. So‘?gkaew and Smitasiri (1985)

d’

indicated that P. m/ri 'ca at the doses of 50 ¢ @"*' I9/Kg BW treated female rats for

ould integhpt pregnancy and had toxic
effect on the fetuses. lt‘fcdbld also preve t was given during the
embryo transgjjl Ejﬂ iﬁﬂiﬁ? implantation or post-
implan Tﬁ Dbﬁ ﬁ f P. mirifica as a
contra Qtlve drug so repo e;jsﬁasm an mt 995). It absolutely

controlled pigeon reproduction (100%) by the inhibition of mating behavior and

4 to 6 days during m;n_ij term of pregn

testicular development in the male pigeon and the reduction of the follicular
development and ovulation in female pigeon (Smitasiri and Sakdarat, 1995).
Besides, the administration of P. mirifica increased total blood protein and cholesterol

levels in quails (Anuntalabhochai and Jesrichai, 1986), which led to increase serum
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calcium concentrations, and to reduce width of the epiphyseal cartilage plates at the
proximal end of the tibia in both sexes of gonado-parathyroidectomized rats
(Bulintarathikul, 1978). From these numerous reports, it can be concluded that P.
mirifica have an estrogenic effect on reproductive systems and others (Smitasiri,
Pangijit, and Anuntalabhochai, 1989). It is also suggested that phytoestrogens from
P. mirifica have an estrogenic effect on reproductive system, hormonal levels, and

bone in both animals and humans.
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