CHAPTER I

LITERATURE REVIEW

1.Pueraria mirifica
1.1 Botanical background

White Kwao Krua, one of the indigenous Thai herbs with numerous tuberous roots, is

classified into family Leguminocae, ilionoidae, the same as soy. It was first

discovered and classified as Bu t was later recognized as a new

species and reclassified as F et al., 1952). Other Thai dialects

of P. mirifica are Tong-krua, T. rua and Jan-krua.

The plant is widely f the deciduous forests. The plant

with twinning apperance is ¢ jour | a2 e forests in the north, west and

northeast of Thailand at - S\ 3 e ea level. The tuberous roots

are varied in sizes (Figure e k\o Utterfly shaped, flowering during

February-April. The leaf sha ed Kwao Krua (Butea superba)
that is tri-foliate, but thinner and s i 5 root with white starch granules has a
round or eclipse-shape (Kashem: ﬁ’ Risetpakasit, 1976) or other shapes

(Cherdshewasart, 20037 iR eGSO CE

heaeh O SSC sgnCes is approximately 15-40
7 ) ‘ PP y
cm. It contains five sepay B v U vo keels. The pod is slender
i

typically short, hairy, inclu |n‘g 1-10 single seeds when fully matured and dried which turned

ZI;Sb)rown color. ﬁa Tjtﬁ !J;dﬁ ﬂ%ﬁ wET’qJﬂaﬁmem (Cherdshewasart,
RN AT AN R

amount of igpflavone content (Subtang and Cherdshewasart, 2003). The plantlets could be
initiated from in vitro culture (Cherdshewasart et al., 1996) and could produce tubers in a

field trial test (Cherdshewasart, 2003” ).
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1.2 Traditional consumption of P. mirifica

From the plant tubers, a drug reputedly to have miraculous properties is made. The
first account of the drug was in the form of a single leaflet, printed on one side only in Yuan
(Northern Thai) characters without date, author, printer or place of printing. This leaflet
pointed out that there are three kinds of the “Kwoa Krua”; Black, red and white. The White
Kwao Krua (Pueraria mirifica) had the weakest effect. In the direction given, the tuber had to
be sliced, dried and crushed into powder and mixed with honey. Of this mixture, a pill was

made in the size of a peppercorn and t

a ’. f ofe pill was taken daily at bed time. People
under forty years of age or matuning stage werefiefbidden to take the P. mirifica. Taken for
three to six months, the wri eh 163 ould cure all the 96 diseases,

give long life and protect fro

1.3 Chemical constitughts i  : .

P. mirifica has b€en gouficfta. ont ? 1 hemicals in the group of
phytoestrogen with similar#effegts ,,.‘ﬁ' “\\\\ . By its chemicals structure,
these phytoestrogens are not's he aCle us of the chemical structure is

similar to that of steroid hormoné f'r"""" ).
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Table 2-1. Phytoestrogen contents in P. mirifica (Adapted from Panriansaen, 2000)

Category Phytoestrogens References

Coumestrol ~ Coumestrol Ingham et al., 1986,1988
Mirificousmestan Ingham et al., 1988
Mirificoumestan glycol Ingham et al., 1988
Mirificoumestan hydrate Ingham et al., 1988

Isoflavones Daidzein | Ilagham et al., 1986
Daizin m et al., 1986
(daizein-7-0-g
Genistein al., 1986
Genistin al., 1989
(genistein-7-
Kwakhurin Net al., 1986
Kwakhurin hydr, I et al., 1989
Mirificin jham et al., 1986
(puerarin 6"-0-B- Ingham et al., 1986
apiofuraneside
'Puerarin 4/., 1986, 1989 and
(daizein-8-glycoside Uilandii et al., 1957
Puerarin 6"-mdhgcetate o/ Ingham et al., 1989

Lignans “-.F“ F) | k , lidrle 3/31940

Jeses and Popes, 4960

amaéamm UNNRBY 1AL

[3 sitosterol Hoyadom, 1971

Stigmasterol Hoyadom, 1971




Isoflavone and Isoflavone glycosides

Daidzein Daidzin e

Genistein Kwakhurin

Coumestans

Coumestrol ﬂ u EJ ? Qnﬁﬁ 5 w Ejal nusﬁcoumestan hydrate

R8N ANENA béﬁ

17B-estradiol

Isoflavonoid nucleus

Figure 2-2. The structure of chemical compounds in P. mirifica and the isoflavonoid nucleus

compared to estrogen hormone(17- estradiol).
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Figure 2-2. THe structure of chemical compounds in P. mirifica and the isoflavonoid nucleus

compared to estrogen hormone(17- estradiol), (continued).
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1.4 Toxicity tests of P. mirifica

The toxicity of the P. mirifica powder and extracted form were evaluated and no
toxicity was found (Cherdshawasart, 2003°). P. mirifica produced no signs and symptoms of
acute toxicity in mice. It was found that the doses of 10 and 100 mg/kg/day given orally in
Wistar rats did not cause either abnormallities of hematological and biochemical parameters
or dose-related histopathological changes of the visceral organs (Chivapat et al., 2000).

Mutagenic and anti-mutagenic tests in HelLa cells revealed that the plant exhibited non-

mutagenic effect but the anti-mutagenie ‘we Julsiri and Cherdshewasart, 2003;
in 52 normal Thai volunteers
using 5% P. mirifica extract (in 50%s@repylene glycoka --l-:'_o deionized water). The result

showed neither allergic nor irrita X ‘1‘?“ /2 aetal., 2003).

1.5 Studies of estrogey N Crui ‘~ < - " extract
The estrogenic activitieg > Jmitrifide \ mmed in ovariectomized rats
proliferation, growth of the
|y
endometrium glands and thé pgoli J. ithe o\ arteries of uterus and vagina
ot +
(Sukhavachana, 1949). Breast tend S ‘ rhea in ovariectomized women was

also recorded (Sukhavachana, dose of P. mirifica for 10 and 20

days increased size ang f ----------- e ovIQuCt cetts 1nTem: ".[ Japanese quails, while a

treatment of higher doseB ale

de@ased the survival rate and
tended to inhibit the mcreand body weight m.guaﬂs (Muangdet and Anuntalabhochai,

e AUYINYNINYING

Gonadectomfized male and femal 3 rats treated for 14 days with the plant powder
showed aﬁcﬁﬂnﬁ-ﬁﬁ&j m mﬁiﬂr?ﬂﬁﬁrﬂi chonﬁrmed that
phytoestrogefis from P. mirifica have an estrogenic effect on reproductive system, hormonal
levels and bone in cynomolgus monkeys (Trisomboon et al., 2004°, Trisomboon et al.,
2004b). A single dose of 1,000 mg/day of P. mirifica treated to cynomolgus monkeys
prolonged lengths of follicular phase and menstrual cycle without changes in FSH, LH,
estradiol and progesterone levels (Trisomboon et al., 2004%). The clinical trial in Thai
menopausal women showed a successive improvement of all evaluated menopausal

symptoms; sleep deprivation, hot flashes, mood swings, forgetfulness and difficulty
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concentrating (Muangman and Cherdshewasart, 2001). The results were confirmed with
‘phase Il human clinical study that relatively alleviated the climacteric symptoms in
perimenopausal women (Lamlertkittikul and Chandeying, 2004). It found that P. mirifica can
influence the reproductive functions in both sexes of rats, but the response in females is

greater than in males (Malaivijitnond et al., 2004).

2. Phytoestrogens and their estrogenic activities

Phytoestrogen consumption is o€ est in the nutrition and public health

sector. Due to the rapid increasin «».._,____~ effect to human health after the

long-term consumption of syniheficehermongs, mosi-ph fdoestrogens from legumes and
T

beans were chosen as an alteg 'f/ \ \‘ 1985; Axelson et al., 1984:

Knight and Eden, 1995). P

paturally occurring chemicals
derived from plants with estrogé gfbiological activity. The € compounds can bind to the

estrogen receptors and are thglio < effects through mechanisms

similar to that of estrogen (Santgl ne results were concluded that

routine consumption of phytos"[r en-ﬁﬁ' would benefit for all ages and
e /
sex, mostly in terms of cancer protection S- " 1998).

Phytoestrogens are con remedy for the treatment of

‘7‘&;3; ---------------------------- Opdusal state. Menopause is

ga

defined as the end of mensﬁatio -

various symptoms of estr

aria@mction and resulting in low
rate of estrogen production, Consequently, it,causes a loss of negative feedback
¢ o/

mechanism on the ﬁ%ﬂ@aﬂr%ﬁﬂaﬁw%gﬂﬂsﬁccomingly, the levels

of gonadotrophin proyessively increased ‘during this timne' and kept elevitﬁd throughout the
menopauseﬂQWf]a@Q@ﬂ ﬁiww&] %%B@ﬁuc&i estrogen is
considered tofpe the main cause of bone loss or osteoporosis. The osteoporosis mainly
occurs during the first two decades after the natural menopause. Menopausal state was
found associated with a state of negative calcium balances (Khosla et al., 1998).

There has been tremendous interest in the possibility that dietary phytoestrogens
may be an alternative postmenopausal hormone therapy because of concerns about side

effects and long term health consequences that prevent many women from using hormone
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therapy for amelioration of the discomforts and increase risk associated with the
menopausal transition (Kurzer, 2003).
The physiological and pharmacological effects of phytoestrogens found in P.

mirifica reported and summerized in Table 2-2.

Table 2-2. Physiological and pharmacological effects of phytoestrogen in P. mirifica

Phytoestrogen Effects

Genistein oo ! / lan cancer cell growth from
, : ﬁase (Gercel-Taylor et al.,

the inactivated state of
\\\ hannel in guinea pig
.. ftes (Ji et al., 2004).
glycine receptors of rat

v isolated from the ventral

hu et al., 2003).

Genistin estrogen-dependent  breast
h vivo (Allred et al.,
4

=
Daidzein Ve ricul ibrillation in rats (Ye et
‘a al., 2808). 7
Fon il i'_L - ‘.I: -
S N PRRON [} 1 ¥ 3t v erm—
U

¢| (Ishida et aA‘1998). Y

Miroestrol

9 ovariectomied rats and increase uterine
weight in immature female mouse (Benson
and Pope, 1961; Jones et al., 1961; Jones
and Pope ,1960).

Deoxymiroestrol Stimulate the proliferation of MCF-7 cells

(Chansakaow et al., 2000°).

Coumestrol Cause an atypical threefold induction of
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cytosolic ER  without corresponding
cytosolic depletion and nuclear
accumulation of ER (Markaverich et al.,
1995).

Increase the calcium content of 9-d-old

chick embryonic femurs in organ culture

Tsusumi, 1995).

DeCease the binding capacity of liver

1/,
insUiB.se€Cntors (Nogowski, 1999).

Puerarin

c..effect on sudden deafness
Bg the blood vessels and

Circulation of the inner ear

cllnlcal heart function,
eft ventricular ejection and
e level of ox-LDL in the

ith chronic cardiac failure (Duan

I€Uperoxide  dismutase
Y. decreasé lipid peroxidation level
and.gnhance the activity of fibrinolysis in

ﬂ u El ’J VI B ﬁnwi&’ﬂoﬂy‘jean disease(Chen

AR AINTOU %TQ%EH@HWW o

cultured mouse cerebral cortical neurons.

protective effects on neurons damaged by
sodium glutamate, N-methyl-D-asparate ,
or Kainic acid(Dong et al.,1998).

Influence to alcohol pharmacokinetics and
alcohol-drinking behavior in rats(Lin et

al.,1998).
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Stimulate renin activity and angiotensin |
in patients with acute myocardial infraction
(Li etal., 1997).

Stimulate activity of endothelial progenitor
cells from peripheral blood and enhance

endothelial progenitor cells (EPCs)

ctional activity (Zhu et al., 2004).

arning-memory and amino acid
_of brain in ovariectomized
SLal 2004).

eural function and

stop \:"'a.- calydamages after transient

Q\\\- in rebbits (Sang et
A

'*-\- '\‘ t on diabetic nephropathy,
throgh inhibition of excessive

on of glomeruli extracellular matrix

inge~ MMP-2 and down-

39 | expressions besides

g'the b ‘L d glucose (Duan et al.,
‘an 200¢)

VERY BN YRR

P. mirifica wgs analyzed and fouypd the high aﬂ)unt of isoﬂavw phytoestrogens.

P, miriﬁcaﬁ;fﬂé&] Méﬂr@rﬂﬂ %nﬁ@a@nﬂﬁ'ﬁtﬁeﬂ activity in the

present stuca/, exhibited high variation in isoflavone content including puerain, daidzin,

genistin, daidzein and genistein. The maximum and minimum amounts of isoflavone were
found in the samples collected from Kanchanaburi (198.29 mg / 100 g powder) and Nan

provinces ( 18.85 mg / 100 g powder), respectively (Subtang, 2002).



o

3. Assay for estrogenic activities of phytoestrogens

One of the most extensively used in vivo assays to characterise the estrogenic
potency of the phytoestrogens is the rodent uterotrophic assay in which the ability of
chemicals to stimulate uterine growth is determined (Reel et al.,1996 and Connor et al.,
1996). The assessment of estrogenic activity by the induction of vaginal cornification in
ovariectomized rats has long-term used (Cook et al., 1933). They first evaluated the two

tetrahydrophenathrene compounds, THP-1 a THP-4, the natural estrogen, and found that

a 100 mg/rat of THP-1 induced vagi \ i i@ 100% of subject rats. Subsequently, a
vaginal cytology assay was us I genic activity of biphenol A in
ovariectomized rats. The pro $ =8y=used ovariectomized rats and oral

administration of test com S%efy. the uterine weight and the

cornification of vagina epith / jused 28 ‘an. indicate The vaginal epithelium in

rodents has been demonstra enapeint for estrogenicity than the

J"'«ly-i;
stimulation on the uterus ‘Wasgciate otable | at.
cornification test, miroestrol was MESEIPOT active compound (Benson et al.,1961) .

‘, uﬁ"' Rt

uterus. In many cases, the vaginal'epithelium \* Jecured at low doses which no
)

4 al., 2001). In the rat vaginal

The estrogenic activity was previot 1 0 be about 0.25 times that of 17B-
""".-"" £

estradiol (E,) (Jones and Rgpe,

Another assessm f-estrogent 'feration assay. P. mirifica
showed either proliferationg antipre i ojj® asicmn MCF-7 cells, ERa-positive
human breast adenocarcinonp glls (Trisap etﬂ., 2003; Cherdshewasart et al., 2003°).

The plant also shﬁ%ﬂa"}opﬂeﬂmﬁw\ﬂq fe]ls ERa-negative human

cervical adenocarcin®ma cells (Cherdsheyasart et al. 2.04 Trisap, %} ). The response

pattern Qew 6'e1|ﬁna ﬁﬁoﬁﬂsﬁ% '] ’3 qﬂ:ﬂa’}«a sHlar to that of

phytoestroger| such as genistein and daidzein (Wang and Kruzer, 1997: Zava and Duwe,
1997)

The recombinant yeast system, YES assay, can also accurately predict the
estrogenic activity of various phytoestrogens and xenoestrogens in the mammalian cell
system. It is useful for testing and detecting of novel estrogenic substances in the
environment and natural specimens (Breithofer et al., 1998). P. mirifica did not induce

estrogenicity in recombinant yeast cells, but it was in MCF-7 cells, human breast
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adenocarcinoma cells and HepG2 human hepatoma cells. Thus, it was proposed that P.
}niriﬁca in itself may neither bind estrogen receptor nor show estrogenic effect, but may
require metabolic activation for estrogenic activity that may not be observed properly by
yeast system (Lee et al., 2002).

From the above mention, it is therefore necessary to compare the estrogenic activity
of P. mirifica by those 3 methods. YES and MCF-7 proliferation assays are a rapid method,

however, it could not transform the data to human directly. Because the

absorption,distribution and biotransf olizations) was different between that
two assays and human organi » ification assay in ovariectomized

rats was assumed to be the be

4. Estrogens: Regulatio

The steroid hormon entiation and function of many
target tissues. Estrogens are . aFGId x 1€ \ de primarily in the ovary. They
can be classified as a develop norm S & for the normal maturation of the
females. They stimulate the devé ot ' 7 epro@uctive organs and the secondary

sex characteristics, and play an importaatrote it

adolescent growth. They are essential
i J"' M f

in maintaining the health and d vgssels. They also contribute

indirectly to the health !;'i ) ;‘j cause calcium depletion.
They affect platelet aggregétion and alter plasma™lipid co@entration in @ manner now
considered protective of thes, heart. They gffect brain function and are known

IS 11T P T7CSTTEYFL S——

estradiol, and estnoq'The major estrogengsecreted by 'ge ovary is 17B tradiol, converted
to estroneq\ Wﬂoa @sﬁ}l?md N%&’}% Hrﬁcﬂyﬁlacenta during
pregnancy. 'l%ese three compounds, 17B-estradiol, estrone, and estriol, account for most of
the estrogenic activity in humans. Estrone and estriol are largely products of estradiol
metabolism. During the reproductive year, the daily secretion of estrogen varies cyclically
throughout the quasi-monthly menstrual cycle. Estrogen production is governed by two
pituitary gonadotrophins; follicle stimulating hormone (FSH) and lutinizing hormone (LH).
Estrogen cooperated with FSH and LH regulates the growth and development of follicle and

stimulates an ovulation. Estrogen and other ovarian hormones, including progesterone and
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inhibin, regulates FSH and LH secretion from the anterior pituitary gland by both the
~ negative and positive feedback mechanisms (Rhoades and Pflanzer, 1996).

The changes in the vagina epithelium of the normal animals are believed to be due
to the fluctuation and interconversions of female sex hormones, estrogen and progesterone.
The level of these hormones, however, is controlled by the pituitary gonadotrophins and
hypothalamus releasing hormones. A feedback mechanism also operates whereby the

pituitary releases gonadotrophins whic in turn controlled by estrogen and

ly due to the level of stimulation of
estrogen which acts directly on thewvac L ithe lis also known that only estrogen
consistenly stimulates the pro era) | epithelium.in adult female animals (Mandl|,

1951; Boettiger, 1946)

4.1 Estrogen recepto
Recent studies have 'r if two x tinct estrogen receptors (ERs)
in our bodies: ERa. and E dgestro s{ as well as other agonists and
antagonists, the two recept Ve Clis] Stiy.Jdi erent IOcalizations and concentrations
within our body. Structural differences e een the two receptor allowing for a
wide range of diverse and compleX procéss 2(Gustafsson,1999).

ERB is Iocalize aman o

chromosome 6 (Enmark /.,

:"_] to ERa which sites on
s | present two separate gene

products and share a relatlgnshlp to one anomﬁr that is similar to those between, for

rin, 0 oFHH TR NBARG: e o o

glucocorticoid receptbr and the progest?one receptor which show a homology between

their llganaamm ﬂaﬁﬂfﬂw"'q ﬂEEg "]vﬁ%l The following

diagram, slightly modified from Gustafsson (1999), shows the distribution of ERa and ERp.
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Central nervous system: ERa, ERP.

Breast: ERat, ERP. Cardiovascular

system: ERa., ERB.

Gastrointestinal
Liver: ERat tract: ERP.
Urogenital tract
: ERa, ERB.
Bone: E
Figure 2-3. Overall distriglitioh of ERo! aHd ERB ‘\' ferent tissues.
Most recently, the relative bi' diBg-—affi phytoestrogens to ERa and ERB has
been determined relative tq th ding affinity showed that phytoestrogens

“Sibnger affinity to ERP than
J

4.2 Reproduﬂ ucgt";tgl EI (n {w El’] n ‘j

Reproductlveq!ycle in rat is caﬂed estrous gycle which is gxhibited in most

mammals. Q Wﬂﬂmﬂsﬂ ‘\§n trgdswr] ’g %ﬂ?ﬁ( Elto males only

around the tinfé of ovulation (Johnson and Everitt, 1995). The rat estrous cycle is very short,

have a lower binding affiify;

ERa (Kuiper et al., 1998).

only 4-5 days, although the timing of the cycle may be influenced by external factors such
as light, temperature, nutritional status and social relationships. The cycle consists of 4
stages (Norris, 1997; Turner and Bagnara, 1976) as follows;

1. Estrous. the period of heat and copulation are permitted only at this time. The
condition lasts from 9 to 15 hours and characterized by a high rate of running activity. Under

the influence of FSH, a dozen or more ovarian follicles grow rapidly. Behavioral changes
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including quivering of the ears and lordosis, or arching the back in response to handling or
‘that approaches by the male are found. The uteri undergo progressive enlargement and
become distended owing to the accumulation of luminal fluid. Many mitosis occur in the
vaginal mucosa and, as new cells accumulate. The superficial layers become squamous
and cornified. The latter cells are exfoliated in the vaginal lumen, and their presence in

vaginal smears is indicative of estrous. During late estrous, there are cheesy masses of

cornified cells (Co) with degenerate nuclej present in the vaginal lumen, but few if any

the uteri is lost before ovulation. -
2. Metestrous. This f ; d intermediate between estrous

and diestrous. The period la giis usually not permitted. The
ovaries contain corpora 'utea lave diminished in vascularity

and contractibility. Many lelicog eg ‘ 46 Eatdn the allumen along with few cornified

cells :

3. Diestrous. The period |a8ts ﬁj 3, dufing which functional regression of
the corpora lutea occurs. The uteri : ¢, and only slightly contractile. The
vaginal mucosa is thin, and leuceeVtes mioraté t aginak-smear appears entirely of

leucocytes (L) as illustrat igure2-3— Y |

4. Proestrous. The th

lutea and preovalutory settlng f the follicles. E'Bld accumulates in the uteri and they

become highly conﬂtuﬁ ’J; wsﬁ}%ﬁnwgﬁ] ﬂl?ted epithalial cells(O)

which occur singly or'd sheets.

amaﬁnimumqwmaﬂ

nctiI invulution of the corpura
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Figure 2-4. The vaginal €\
pm)

A. Diestrous is charz ieocytes.These cells are small,
round and can occur |

o ﬁﬁiﬁmm Tar > A

cells, which are Iarge round and bear an Q’asni visible n@eleus.

c. ol Gk ik Lol BV e v

leucocyte or nucleated cells are visible this time.
D. Metestrous consists of leucocytes, interspersed with nucleated and cornified

cells.
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