Chapter Il

Estrogenic Effects of Pueraria mirifica on the Menstrual
Cycle and Hormone- Related Ovarian Functions

in Cyclic Female Cynomolgus Monkeys

Abstract

+

tro‘enigEf_fed.qf_Eueraria mirifica (P. mirifica) on

‘e- lated O%’miunctlon Nine normal cyclic
i .

post-treatment periods. Blood
samples were collected and every 10 days until the next

menstruation for one and ’Mmtrua@ during two consecutive periods and

Bty )4 2 )
assayed for serum _kevels of gdrradofro;ﬁsia iva n hormones. The result

showed a sngnlflcaxl‘ ‘. phase and total menstrual

. miriﬁcéj but no change in menstrual

cycle length in monkeys ﬁd rifica. Serum levels of

follicle stimulﬁvijréjmﬁ ﬂﬂﬁ eﬂlrﬂ g-i (LH) estradiol, or

proge Tﬂm %Jal cycles of the
:i'nent period for a moﬁg groups.

post-tri ur findings demonstrate that although

cycle in monkeys treagéd with 1,000 m

a clear changes in hormonal levels could not be observed in this study, a single dose

of 1,000 mg of P. mirifica can disturb ovarian function and menstrual cycle in

monkeys.
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3.1 Introduction

Phytoestrogens, which are structurally and functionally similar to17p-estradiol,
are naturally occurring phytochemicals found in plants and plant products (Murkies et
al., 1998). The principle classes of phytoestrogens are isoflavones (including
daidzein and genistein), coumestans (including coumestrol), and lignans (including
esterodiol and enterolactone) that are mainly found in soy and soy food (Wakai et al.,
1999; Horn-Ross et al., 2000; Ligglsh ué(/ooo Boker et al., 2002). Estrogenic
effects of phytoestrogens %ported o I and reproductive disturbances
in both animals (Whitt

3 995 mt al., 1995; Burton and Wells,

2002) and humans Ptupps al., 1993; Whitehead et al., 2002)

to include causing i iligy i ep. @Qf.\ etts, Underwood and Shier, 1946), the

reduction of ovulati et al., 1981), and disruption of

reproductive hormone ‘:: n én yalic Wwomen (Cassidy et al., 1994,

1995; Duncan et al., 19

T
shown that premenopausal and‘-p@menwj‘al Japanese and Chinese women who

bty ) ;ﬁ' =
consumed high amogpts of |soﬂavone§ from soy &a Jcrease in serum levels of

S

estrone and estradiel/(Bernstein et al.,
|

1998), Y — 4

Puearanﬂrr%g (:é %:&}%%:w&ﬂuﬂfﬁm herb of the family

Leguminoceae.q'llts tuberous roots also contain phytoestrogenic substances including

mimes@l {Povd il s, idenban ingharh 6 &) 48 deorymircstrl

kwakhurin (Chansakaow et al., 2000a, 2000b), and other phytoestrogens that belong

al, 1990; Nagata et al.,

to the isoflavone and coumestrol class (Ingham et al., 1986b, 1988, 1989).
Miroestrol compound isolated from the roots of P. mirifica prevented the implantation
of blastocysts, promoted uterine weight and vaginal growth, and increased vaginal

fluid in normal female rats (Pope et al., 1958), and produced cornification of the
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vaginal epithelium in ovariectomized-adrenalectomized rats (Jones and Pope, 1960:
Cantero et al., 1996), but did not stimulate the secretion of endogenous estrogen by
the ovaries or the adrenal gland (Jones and Pope, 1960). Miroestrol also exhibited
mammogenic potency in both ovariectomized rats and mice by restoring the
mammary duct growth as estradiol did (Pope et al., 1958). The potency of
subcutaneously injected miroestrol is about 0.7 times that of estradiol and twice as

potent as estrone (Benson et al., 196

= \\
In recent years, P. ely used in premenopausal and
— e
4
postmenopausal women. elie %stfgens contained in the plant,
especially isoflavones aracteristics including breast and skin

appearances, as wells

cture and the cardiovascular system.

reproductive fﬂ:nm Btradﬁrﬂawaﬁow ﬁﬁ?rﬁs‘g—lotchk-ss et al., 1982;

Harrison et al./11999). Moreoverf to study the effects of P. mlrlfca containing

oo O B o A e ey it

due to un%ontrolled diet and follow-up factors.
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3.2 Materials and Methods
3.2.1 Animals

Seventeen adult female cynomolgus monkeys (Macaca fascicularis) with
regular menstrual cycles for at least 4 consecutive months, 26-37 days in length and
weighing 4.0 — 6.5 kg prior to the study, were used. The first day of menstrual
bleeding was considered as day 1 c' the menstrual cycle. The monkeys were
housed in individual cages at the earch Unit, Department of Biology,

Faculty of Science, orn,,p Un angkok Thailand.  Lighting

conditions of the anim

ote cqntr;ﬂ:%: 12 h light to dark cycle).
Temperature and humidi % ltfistuated slightly depending on the season.
The monkeys were fed dai 'maﬂ‘aey qw (Pokaphan Animal Feed Co., Ltd.,

)
rhing ﬁo%o‘i- :00 h) and supplemented with fresh

Nine female monkeys were d|V|ded mto three groups. Each group (n = 3) was

force-fed with ﬂawﬁ(g WW‘%}W%W ﬂ ﬁo and 1000 mg/5 ml of

distilled water/individual, at 08.00-0?.30 h. The g:.hedule was S%Blarated into the pre-
reatmént 346 Rogfnéaieny fetibds | Tfhe ra g g4 Befomed on one
menstrugl cycle and the post-treatment was performed after a single forced-feeding
of P. mirifica within 2 menstrual cycles. Day 1 of menstrual bleeding was used as a
reference for the first day of a period. During these periods, 3-ml blood samples
were collected from the femoral vein without anesthetization between 08:00-09:00 h
on day 3 (the early follicular phase); days 9, 10, 11, 12, 13 (the late follicular phase);

days 14, 19 (the early luteal phase); days 24 and 29 (the late luteal phase); and
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every 10 days until the next menstruation. Blood samples were immediately
centrifuged at 4 °C, 1,700 x g for 20 min. The serum was then separated and stored
at —20 °C until follicle stimulating hormone (FSH), luteinzing hormone (LH), estradiol,
and progesterone were assayed. Occurrence of menstrual bleeding was daily
checked by vaginal swabbing. The suspension of P. mirifica (10, 100, and 1,000 mg)
was prepared from powder of the tuberous roots and suspended into 5-ml distilled

water and then kept in a dark bottle a\t‘ r/ until feeding time.

3.2.3 Hormonal Ana!xg _,._.._-'__,
Concentrations SF"—#’

system. lodination pre

"‘-‘-:“-"h
nd\LH Wwasured by heterologous RIA

IDDK-rat FSH -15 and rat LH-15. The
%

antisera were anti-ovin anti—ovine LH (YM#18) (Hodgen et

al.,, 1976). Antiserum a Y'R/I 8) w klndly provided by Dr.Y.Mori
as\

(University of Tokyo, Tokyo Jépéﬁ) ?eﬂ extraction of ether, serum levels of

JIJ-

estradiol and progesterone er%%ﬁermu double-antibody RIA with *H-labeled
radioligands as described in the,,_tabhﬁmgthod of World Health Organization

(WHO) (Sufi, Donak}s}n, and Jeffcoate, -%: J

3.2.4 Statistical A alysis U

All data ﬁ%ﬂc@nﬁyﬁ%‘h&‘ Bycle| ﬁg’fﬁ and serum levels of

hormones wereu(pressed as the mean + S.EM The significance of the differences

e AFAEHBATAH IR & consceros

be statlstlcally significant.

3.2.5 Control Levels of Hormones in Normal Menstrual Cycles

According to the interval of blood collection schedule, the prominent peaks of
LH and FSH levels during the pre-treatment period could not be caught in 4 out of 9

monkeys (nos. 609, 624, 621, and 626). However, the ovulation was confirmed by
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the increase of progesterone. To evaluate changes of serum levels of gonadotropins
and ovarian hormones in the nine monkeys after P. mirifica treatment, serum levels
of those hormones were compared with those of eight monkeys showing normal
menstrual cycle, hormonal pattern, and prominent peak LH level from the same
colony. To increase the animal numbers in this group, the hormonal levels during the

pre-treatment period of 5 monkeys treated with P. mirifica (nos. 619, 627, 526, 604,

and 104) showing prominent LH level e combined to this control group. Thus, the
total number of monkeys in thus\gr(}}\‘;%

3.3 Results

lengths of the first or second melﬁfual of monkeys treated with 10 and 100

not different f M&
-‘—f

mg of P. mirifica Y_&e

treatment penod Léngths of the ﬁm

|

2.91 and 33.33 + 3.84 dadys for monkeys treated with 10 mg of P. mirifica and 30.67 +

2.96 and 35ﬂ ﬁﬂ %mg%@%%ﬂﬂjoo mg of P. mirifica,

respectively. IfUngths of the first E:and second genstrual cyclSJ were significantly

ovent 1206|403 Gob1 % 39Kt B VR oy e

respectiv%ly, in monkeys treated with 1,000 mg of P. mirifica.

cycle length at the pre-

enstrual cycles were 30.67 +

3.3.2 Serum Levels of Gonadotropins and Ovarian Hormones in Normal

Cycling Monkeys

Serum profiles of gonadotropins (FSH and LH), and ovarian hormones

(estradiol, and progesterone) in 13 normal cyclic monkeys during the menstrual cycle
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are shown in Figure 3.1 and Table 3.2. Changes in these hormonal profiles during
menstrual cycle were adjusted according to the day of peak levels of serum LH,
defined as an ovulation day (day 0), and separated into 2 phases: the late follicular
phase and the early luteal phase. As shown in the Figure 3.1, peak levels of serum
FSH and LH were 1.82 + 0.34 and 8.27 + 0.86 ng/ml on the same day (day 0). The
increase of peak serum estradiol levels appears to coincide with the mid-cycle peak
levels of FSH and LH. Serum pr Sf terone levels remain low during the late

follicular phase, and then bqume évated during the early luteal phase,

indicating that cyclic ovula;m:urred,in thﬁ:@al cycle.

3.3.3 Changes _i

oihm Ovarian Hormones in the

Monkeys Treated wit -

Y

As shown in Fig A 3. 3, : ‘3 there were no apparent changes in

serum levels of FSH, LH, gstradiol, erp&ser e hroughout the first and second

JLJ.

menstrual cycles as compargd to:eentro onkeys treated with 10,100, and 1,000
*.,'l-" .‘_ ""'5"'."
mg of P. mirifica, respectively. Al m rnonkeyz@l_)lted peak levels of serum FSH and
Jr"-, et f : ]
LH in the late folhcu@r}phase of the first and ual cycles after P. mirifica
{7

treatment, concurren loI- Serum progesterone levels

were low throughout the early follicular phase and gradually increased in the early

luteal phase oﬂeﬂsﬁr@t%ﬁ%rﬁg Wﬂﬁﬂ %:wever at the highest

dose (1,000 mg"Uf P. mirifica), peag. levels of serum LH were c@ayed from day 10
during ﬂ ﬁtqam ﬂlaﬁ qu @ wﬂraea %}ond menstrual
cycles for monkey no. 621, from day 12 during the pre-treatment period to days 24
and 19 of the first and second menstrual cycles for monkey no. 104, and from day 11
during the pre-treatment period to days 24 and 19 of the first and second menstrual

cycles for monkey no. 626 (Figure 3.4).
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Table 3.1 Menstrual cycle length of monkeys treated with 10, 100, and 1,000 mg of

P. mirifica

Treatment Lengths of menstrual cycle after P. mirifica treatment (days)

groups The first menstrual cycle The second menstrual cycle

10 mg 30.67 +2.91 (P=0.97) 33.33 +3.84 (P=0.39)
100 mg 30.67 +2.96 (P = ‘ 35.67 +6.33 (P=0.23)
1,000 mg : 39.67 + 0.67* (P =0.003)
Mean length of menstrua reatment period of nine cyclic female
monkeys was 30.56 + a significant difference (P <
0.05).

U

AULINENINYINg
RINNIUUNIININY
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Table 3.2 Mean concentrations of serum gonadotropins and ovarian hormones

during the late follicular phase and the early luteal phase in normal cyclic monkeys

LH FSH estradiol progesterone

(ng/ml) (ng/ml) (pg/mil) (ng/mil)
Day of peak levels 0 0 0 5

Late follicular phase

- highest levels 8.27 59.89+10.66 0.89 +0.53

- lowest levels 7.54 + 4.31 0.27 + 0.06

Early Luteal phase | \
- highest levels 98,072 \\"\Q 55+1422 509 +0.85

- lowest levels of20% —o:28 ﬁ.n 199+498 1.19+0.3

.ﬂuh_l F,
The day of LH surge (Day G ;«% !"% A eference point for the separation
between the follicular phase and !‘-;,.‘—‘-f Results are expressed as mean +

S.E.M (n = 13).

i

2
ﬂ‘lJEl’J'VIEJVlﬁWEI’]ﬂ‘i

’Q‘mﬂﬂﬂ‘im UAIINYIAY
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3.4 Discussion

The present study provides the first evidence that P. mirifica containing
phytoestrogens has a profound, dose-dependent effect on the menstrual cycle
length. The lengths of the follicular phase and the entire first and second menstrual
cycles in monkeys treated with the highest dose (1,000 mg of P. mirifica) increased
significantly; meanwhile, there were no changes in the lengths of the follicular phase,

luteal phase, or total menstrual cyc?gw bb zys treated with the lowest and medium

doses (10 and 100 mg of P. ﬁgﬂca) A the present study did not observe

an apparent changes Qlyvels f semm.E&_LLH estradiol, or progesterone

during the menstrual

ey -
It has been repo 3 tuber roots of P. mirifica contained a higher

amount of isoflavones

l )
the major compone “to influence the men n

1995; Duncan et al ,.11999) Thus, |t seems to b‘-ﬁtﬁﬂavones in P. mirifica are
is study. Although some
reports showed no éf'gect from dally consumptlon ojfjlsoﬂavones in length of the

follicular phasﬂﬂﬂﬁ@aﬁ EJ W@Wﬁi "Y(ﬁ i(ﬁoremenopausal women

(Duncan et al.,1999; Lu et al., 19596 2000), other reports su%egm our finding of a
thmeﬁ] BAH o i B ) s o s
in preme opausal women who consumed isoflavones from soy daily (Cassidy et al
1994), and luteal phase length increased in premenopausal women who ingested

lignans from flax seed daily (Phipps et al., 1993).

Effect of phytoestrogens from soy on reproductive hormones in premenopausal

women has also been demonstrated. There was no change (Lu et al., 2000) or
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significant decrease in serum levels of FSH and LH in premenopausal women who
consumed daily dietary phytoestrogens throughout their menstrual cycle (Cassidy et
al., 1995; Duncan et al., 1999; Nicholls et al., 2002). Serum levels of estradiol and
progesterone showed no change (Duncan et al., 1999) or decreased (Lu et al., 1996,

2000).

Phytoestrogens have also been shown to inhibit GnRH-induced LH release.
Intravenous administration of coumqub’ yvarlectomlzed rats resulted in reduction
in GnRH pulse frequency, as..\g}eu as red

o m—
(McGarvey et al., 2001).@1 administration a!so has an effect on reduction in
both pulsatile GnRH an ior MpGarvéM, 2001; Wuttke et al., 2003),
HA nd FSH levels, (Wildt et al., 1981). The
=

"'4..-

L-Hzls ﬁequenw was greater than that of

-H pulse frequency and amplitude

and caused decrease

inhibitory effect of co

(i=7% &

L]
T.ﬁls iden mdlqntes that both phytoestrogens

4

estradiol (McGarvey et

_.-‘-1-

ect.en de}%‘asm GﬁRH-lnduced LH secretion from

JiJ-

and estradiol have profound

the pituitary gland. An a eral_l‘bﬂ:-of -pg secretion of serum gonadotropins,
leading to decreased of gonéﬁdtﬁébiri'l@results [
b |

disorder of the follicular

growth and ovulatior:found=in ----------- al' hypothalamic amenorrhea
(Berga et al., 1989; Sc_:}weiger et al., 198 9) anc luteal \phase deficiency (Soules et

., 1989). There is a high,eorrelation between pulse amplitude and frequency of LH

and mean L1 it et &Li{l‘ﬁ NENT
A G o R ) B v o o

gonadotrapins or ovarian hormones in monkeys because after intake of P. mirifica,
phytoestrogenic substances, including genistein and daidzein, may convert to a
phytoestrogen metabolite and excreted in the urine (Murkies et al., 1998). The slow
increase in plasma concentrations of the glycosidic forms of the isoflavones is
consistent with the facilitation of absorption by hydrolysis in the small and large

intestines (King and Bursill, 1988). There have been reports showing that after a
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single dose of soy in the diet, both genistein and daidzein were excreted in the urine
as conjugated metabolite by 15 % and 47 % in men, respectively and by 24 % and
66 % in women, respectively (Lu and Anderson, 1998). Pharmacokinetic studies
show that after a single dose of genistein and daidzein intake, measurable quantities
of free genistein and free daidzein are present in the circulation with half-life (t;,) of
3.2 and 4.2 h for free genistein and free daidzein in men, respectively. The
elimination half-life values for total g r}i7&ein and total daidzein in men were 9.2 and

8.2 h, respectively (Busby et al., 2 ination rates of isoflavones from the

circulation are different and affected bwsex.-t"‘ul'aﬁ'g Anderson (1998) shows that the

elimination half-life vald!gr,

in, daidzein, and equol were 7, 4, and 9 h in

women and 4, 3, and 5 respectively. Another study showed that serum
e v -

concentration of genisiéin ‘daidzein . were highest at 55 and 7.4 h in
—y ad

premenopausal women L‘«etﬁal;',bZﬂO . These investigations suggest that
b fv.],{:] \

In this study, it is very difficutt to a@he reproductive hormonal changes to

the acute effect of pQﬁoestrogéH’é'i}ii P; h*ﬂﬂé‘f-'rhe _m?akeys were fed with a single
\_,__1 L
dose of P. mirifica on-¢ -

s . =
onday 3. Itis possibﬁ that phytoestrogens are com;ﬂgtely removed from the blood

circulation within 24 h. #Aegordingly, at 48.h after feeding time, we did not observe

any phwoestr%ruiicgonﬂll‘ii-Manemg serum. Moreover, in
this study, c es in_se Ieiij f e day 3; days 9 -
14, 19%4%?;1& g«ﬁ’i smj«iﬁﬁ ’:[1 :Etlould not detect
whether there are changes in pulsatile secretion of these hormones. However, the
present result showed the prolongation of menstrual cycle length in the monkeys

treated with 1,000 mg of P. mirifica. It can be assumed that at the highest dose,

phytoestrogens may reduce pulse amplitude and frequency of gonadotropins,
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especially LH, to support follicular growth and ovulation, resulting in increased length

of the follicular phase and total menstrual cycle of the monkeys.

Normal cycling women who were administrated with GnRH antagonist reduced
the pulse amplitude and frequency of LH. Serum levels of FSH, LH, and estradiol

decrease during the menstrual cycle. These changes are consistent with an increase

in length of the follicular phase and total menstrual cycle (Mais et al., 1986; Kettle et

al., 1991). The results of this rep ,r\inl)fi}ur hypothesis described in the previous
paragraph. ‘.‘\E\«\,& ‘ {Z’

e

In conclusion, the
P. mirifica disturbs ovarf
P. mirifica may have posi
plant or its products
and may induce menstrua

for cyclic women.
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Thailand. | would like to thank Thomas F. Bleyl for proofreading.
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