Chapter VI

Effect of Pueraria mirifica on Urinary Gonadotropin and Sex

Steroid Hormone Levels in Female Monkeys

Abstract \ ' / /

The study was mva@ the e@ueraﬂa mirifica (PM) on urinary

hormone levels in fe

after a single or lon

olgus mo Rcyclic and aged menopause

/ Sehch experiment, the monkeys were divided

into 3 groups. Ea 5 1. 10, ’ b
respectively. There

adult cyclic monkeys

using aged menopausa

schedule was separated into 2° peééds , -treatment and post-treatment periods

e RN
Jp-__,.-f"" e

for experiment 1, se_garated into 3 pe’ﬁods the Meffment treatment, and post-

treatment periods for/experiments 2 and 3 , LH, and estradiol levels

were determined in th'oge monkéyé while the adult cy!é‘ic monkeys were additionally
determined th quTqﬁed that a single feeding
of all doses ovaﬂ ong-term eem PM- 10 did not change pattern of urinary
PO T P 48 G o s v
pre-treatment period. Long-term feeding of PM 100 and PM-1,000 induced the
decrease in urinary FSH, LH, and estradiol in adult cyclic monkeys and decrease in
urinary FSH and estradiol in aged menopausal monkeys during the treatment period
compared to those in the pre-treatment period. However, change of urinary FSH was

clearly observed more than that of other hormones. So, urinary FSH is considered

as a good indicator of estrogenic effect of PM on hormonal levels in monkeys.
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6.1 Introduction

Pueraria mirifica (PM), a Thai medicinal plant, is classified into the family
Leguminoceae. Its tuberous root \*,«i 5‘ any kinds of phytoestrogens such as
enistein, daidzein, coume I am 86 1989), miroestrol (Pope et al.,
g *i(ngh 3 ), (Pop
1958), deoxymiroestrol, a hu (Qhansakg_o_w et al., 2000a, 2000b). The
previous reports sho jr sqlts on?\Muence of phytoestrogens on

., 1995: Duncan et al. , 1999; Lu et al.,

hormone-related ovari

igh ameunt of isoflavones depressed

(LH) in premenopausal g Jas: L X ; Duncan et al.,, 1999). Other
report showed, however, at:!a‘_&;ﬂy‘ @ption of soy diet in premenopausal
women lowered estradlol Ievé1s’5dd dld r@:ﬁ vels (Lu et al., 2000). The
previous studies cl g = of PM could suppress the

"
levels of gonadotropiry and sex st ones inL&)th of adult cyclic and aged

menopausal monkeys (Trisamboon et al. 2002a, ﬁﬁtﬁ%ﬂ A single feeding of

PM on the daﬂ uﬂr;} jﬂj&] Y] E w FSH, LH, estradiol, or
W’T NesaawTiviea s

Iong-term study on changes in serum levels of hormones is posed the
limitations by the frequent sampling. Subject monkeys would suffer from loss of high
amount of blood and injury from frequent venipuncture, which may disturb the
homeostasis of physiological system. To avoid these problems, the assay of
hormonal level in urine, a non-invasive method, should be considered. The present

study was investigated the efficacy of urine assay to find out the PM effect on
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reproductive hormones through three kinds of experiments, a single and the 90-day
treatments of PM on either cyclic adult or aged menopausal cynomolgus monkeys.
From the previous findings on the effect of PM on serum hormone levels, we
considered that the 90-day treatment of PM is long enough to disturb the hormonal

patterns that would be reflected in the urinary excretion.

6.2 Materials and Methoig“"\& "///

O
— 4 ‘_.‘—"

6.2.1 Animals ‘__..-r— P
Adult cyclic anc/ /I monkeys (Macaca fascicularis)
were used in this study. i w}usm 3 adult cyclic female monkeys with

les and nine aged menopausal

cynomolgus monkeys wit nplete on of menstrual cycle for at least 1 year
Y~

before the onset of the y2=T domly selected from candidate
‘,| L

monkeys. The monkeys we;é%us e individual cages at the Primate

"""-' ,.--_._f

Research Unit, Fa%ilty of Science, Chulalnng‘ﬁr

The menstruation

rsity, Bangkok, Thailand.

monitored dai
[ A
conditions of the ani aI room were controlled L.

abbing method. Lighting

12 h light to dark cycle).

Temperature ﬂdﬂuﬁ}iﬂ% Wﬁﬂ s?rw ﬁﬂﬂg‘jm the season. The

monkeys were‘fed daily with mogkey chow gokaphan AnIle Feed Co., Ltd,
Benokei] TN 1o GeidbT 000} dnfchiplenénted witn fresh
fruits in tﬂe afternoon (14:00 — 15:00 h). The experimental protocol was approved by
the ethics committee in accordance with the guide for the care and use of laboratory

animals prepared by the Primate Research Unit, Faculty of Science, Chulalongkorn

University.
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6.2.2 Experimental Designs

Experiment 1: Effect of a single feeding of PM on urinary gonadotropin and sex

steroid hormone levels in adult cyclic monkeys.

Nine adult cyclic female monkeys were divided into three groups. Subjects of
these groups (n = 3) were fed with the suspension of 10, 100, and 1,000 mg/day of
P. mirifica, abbreviated as PM-10, PM 100 and PM-1,000, at 08:00-08:30 h. The

experimental schedule was separ‘s xy)e pre-treatment and post-treatment

periods. The duration for%trea‘sn st-treatment periods was 1 and 2

menstrual cycles, res

onke \?E'Ed with PM after a cycle of the
pre-treatment period.™ n
During these two period

FSH, LH, estradiol, and

Experiment 2: Effegt o

o
sex steroid hormone levelsfin gdult: cyclle@eys.

i ﬁ'w"
_-.J__,.a"'" ‘

Nine adult cyct_ff female monkey's were dlm three groups. Subjects of

these groups (n = nd PM-1,000, respectively,

{
at 08:00 - 08:30 h. The! expenmental schedule was sép!larated into the pre-treatment,

treatment, anmou ﬁrnjﬂwgwﬁr WI‘EJPW ﬂaﬁent and post-treatment

periods, the monkeys were fed dally with 5 ml of dlStI"ed water at 08 00-08:30 h for 1
ARG ﬂ"'?.f‘m PRSI Py ok or
fed with ‘the suspension of PM for 3 menstrual cycles. If the monkeys showed an
amenorrhea symptom after PM treatment, the duration of experiment was performed
90 and 60 days for the treatment and post-treatment periods, respectively. The first
day of the menstrual bleeding was designed as day 1. Urinary samples was
collected everyday throughout the study perjod and assayed for FSH, LH, estradiol,

and progesterone levels.
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Experiment 3: Effect of long-term treatment of PM on urinary gonadotropin and

sex steroid hormone levels in aged menopausal monkeys.

Nine aged menopausal monkeys were divided into three groups. Subjects of
these groups (n = 3 in each) were fed daily with PM-10, PM-1 00, and PM-1,000. The
experimental schedule was separated into the pre-treatment, treatment, and post-
treatment periods for 30, 90, and 60 days, respectively. The monkeys were fed daily

with 5 ml distilled water during thi’i{‘r" a/‘rent and post-treatment periods and with
the suspension of PM du

riod at 08:00 - 08:30 h. Urinary
“ <

samples were collect?ys nd @SH, LH, and estradiol levels.

6.2.3 Collection of
€ monkey’s cage between 18:00 —
the tray with plastic syringes

r 20 minutes. The supernatant

The tray was i

was separated and stored t-aiﬁ ‘C unti onal assays.
""-I-""a-'i-f j}
6.2.4 Prepar S n

The fresh tuberﬂns r medEtom the same lot. The roots

were sliced, dried in hotair.oven at 70 ° Cpand subsequently ground into a powder at

size of 100 I\%u &LQ m&mﬂg mﬂ;ﬂ ﬂ\gdark desiccator before
suspended. PM powder was suspJnded with distilled water anéﬂ(g in a dark bottle,

ats> ko RANobd 6 N VAT VI E)

6.2.5 Hormonal Analyses

The urinary samples were analyzed for FSH and LH levels using the
heterologous RIA system described previously (Hodgen et al., 1976). lodinated

preparations were rat NIDDK-rat FSH -I-5 and rat LH-I-5. The anitisera were anti-
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ovine FSH (NIDDK-H-31) and anti-ovine LH (YM#1 8). Antiserum against ovine LH

(YM#18) was kindly provided by Dr.Y.Mori (University of Tokyo, Tokyo, Japan).

Urinary estradiol and progesterone levels were determined by a double-
antibody RIA system using "’I-labeled radioligands as described previously (Taya, et
al., 1985; Gibori, Anrczak, and Rothchild, 1977). Antisera against estradiol
(GDN#244) and progesterone (GDN#377) were kindly provided by Dr.G.D.

Niswender (Animal Reproductlonm Fff/hnology, Colorado State University, Fort

Collins, CO, U.S.A).

Creatinine (1) | e-nr"—’ ik %easured by the Jaffe method

diff ces in urine concentration and

s a milligram of creatinine.

menopausal monkezg Analysas of vaﬁ{é m gﬂ wed by the LSD test was

applied to determi significance of rinary levels among each

=

period. The dlfferencJ of means were consndered significant at P < 0.05.

ﬂ‘UEJ']‘V]EJWﬁ'WEJWﬂ‘ﬁ
RN ANNIUNRIINYINY

6.3.1 Patterns of Urinary Hormones in Normal Menstrual Cycle of Adult Cyclic

Monkeys.

The normal length of menstrual cycle of adult cyclic monkeys during the pre-
treatment period was 29.29 + 0.79 days (n = 18). There were an individual variation

in urinary hormonal levels depending on the length of each menstrual cycle in subject
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monkeys. The profiles of hormonal levels in urine were adjusted according to the
day of peak level of LH, which was assigned as day 0. It separated into 2 phases:
the late follicular and early luteal phases, respectively. As shown in Figure 6.1,
urinary FSH and LH levels were elevated simultaneously during the late follicular
phase and attained the peak on the same day on day 0. The increase in urinary
estradiol levels during the late follicular phase coincided with those in urinary FSH
and LH levels. All of urinary FSH, L nd estradiol levels declined during the early
luteal phase. Urinary estradig!_ ;n ;iv&/vne levels showed a high fluctuation

throughout the late follicul:!f'aﬂd-early_b:te However, urinary progesterone

i
early luteal pb%

levels trended to be hi

a significant correlation between
FSH, LH, and progester y s vuring 1(r = 0.61, P = 0.05 for FSH, r =
06}‘:‘?'= 'U@\d no significant correlation between
those levels of estradiol (r = 0’23" P 0;43‘)’—@;

5 AL
i PM on Urinary FSH, LH,

1l — = il
Estradiol, and Proqest one levels in adult CVC|IC monkeys.

After a ﬁ;ni&&lu@ oﬂﬂmrﬁ Im-%l),’lﬂ'nj\strual cycle length of
e A B LRI IRA, oo

days for the first and second cycle, respectively). Adult monkeys treated with PM-

0.84, P=0.001 for LH, r =

1,000 had the prolongation of menstrual cycle length compared to the cycle length
during the pre-treatment period (42.00 + 4.04 days, P < 0.01 for the first cycle and
39.67 + 0.67 days, P < 0.01 for the second cycle). Comparing the pattern of urinary

hormone levels in all PM treated groups (Figures 6.2 — 6.4) to those patterns of
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normal monkeys in Figure 6.1, it was shown a similar pattern. Peak levels of urinary
FSH and LH are occurred at the mid phase of menstrual cycles or day 0 of Figure 6.1
in all monkeys treated with PM-10, PM-100, and PM-1,000. After the declining of
urinary FSH and LH levels, urinary estradiol and progesterone trended to increase in

some monkeys.

6.3.3 Experiment 2: Effect of Lonq-term Treatment of PM on Urinary FSH, LH,

Estradiol, and Progesterone Levels i

clic Monkeys.

1.\\" % ;‘l “ / ‘
Changes of urinary FB\H;IH eyadi@ogestemne levels in adult cyclic
monkeys treated daily W e qf%enstrual cycles or 90 days are

As shown in Figure 6.5, PM-10 prolonged

LAY -
.. The length of 3 consecutives menstrual

\ . o}

cycles were prolongéd t ; arjdt da r monkey no. 601, to 40 and > 90

onkey no. 619. However, all adult

2
monkeys treated with PM-1 hjad'_‘zt_@ ' els of FSH and LH when they showed
Haibis - ;

menstrual cycles. There were _ﬁprEang.

= AR

- ‘f o ” » . .
progesterone levels ithroughout the treatM—treatment periods when
Y

compared to the prt reatment period. i:'J
T

As shown in Figure6.6, adult monkey nos. 616 and 801 showed a shorten

menstrual cytﬁ%l u %J agmigJ m @mﬂgtﬂeid (15 and 21 days,
respectively) and stopped the menﬁruation afte peak of urinary
FSH lev ql iﬁ&ﬁuﬁ ﬂgymﬂnjiﬁ aiﬁlﬁﬂ a small peak of

urinary LH level. Monkey no. 108 completely stopped menstruation throughout the

90-day of treatment and 60-day of post-treatment periods, and the peak levels of
FSH and LH could be found only at the beginning of the treatment period. All adult

monkeys in this group showed the low basal level of urinary FSH at the early
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follicular phase. Urinary estradiol and progesterone levels fluctuated throughout the

treatment and post-treatment periods.

As shown in Figure 6.7, all monkeys treated with PM-1,000 stopped
menstruation throughout the 90-day of treatment and 60-day of post-treatment

periods. There were no peak levels of urinary FSH or LH in monkey nos. 624 and 77

throughout the treatment period, while monkey no. 633 showed a small peak of

urinary FSH level. Urinary estrqd@\ Vf gi monkey nos. 77 and 624 decreased

throughout the treatment anﬁggsht-freat ods compared to the pre-treatment
. 4

levels.

0.23) and by the low levels dt—‘t}fmary" ‘ 1 (0.18 *+ 0.08 ng/mg Cr, P = 0.01)

during the pre-treatment perrdd’éompar vels.in the early follicular phase,
:. _.5

days 1-3, of adult cyeliEMonKey

—i 4 ’
Crfor LH, and 4.44 + 1/41 ng/mg Cr fc D. ¥

Means ﬁ ﬁaﬁ %e?.l ﬂ%%ﬂﬂﬁ @Fm in aged menopausal

monkeys treated daily with PM-10, e‘PM-100, ancg.’M-LOOO for %gdays are shown in
Figure G811 BYniEamet|dr B saes 1o Yok, Buhdt bgnincanty, tne
decreasg in urinary FSH levels in a dose dependent manner. In PM-10, urinary FSH
levels decreased for the first 15 days during the treatment period and then recovered
to the pre-treatment levels afterward. Urinary FSH levels rebounded significantly on
day 20 during the post-treatment period. Urinary FSH levels in monkeys treated with

PM-100 and PM-1,000 tended to decrease between days 5 — 90 during the treatment
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period and remained low for the first 10 days of the post-treatment period before the

increase and significant rebound on days 20 and 25, respectively.

There were high fluctuations in urinary LH levels throughout the study period in
all aged menopausal monkeys. During PM treatment, there was no significant
difference in urinary LH levels compared to those during the pre-treatment period in
all groups. However, urinary LH levels significantly increased on some days in
monkeys treated with PM-100 a /) 0. Urinary LH levels tended to increase

in general and rebounded |rs f the cessation of PM treatment in

J

all monkey groups.

.;. ~§

Daily treatment of nific decrease the urinary estradiol

levels in monkeys tre | =100. There was no significant
r—= -

difference in urinary ‘estradi 5, i ent period compared to those

-
ith PM-1,000.

6.3.5 The Correlatio gftieg_‘ en Ho@Lé‘ Is in Serum and Urine in Female

. gie at the same points from

menopausal monkeys through ut the study period (n = 27)

were seledeﬁmd‘:ﬂ\ﬂ ﬁ W H@Trﬁi there was a significant

positive correlation between gonadotropms (FSH and LH) and estradiol levels in

BRI 68 ) 54| P26 PN B, <001

LH; r = 0.16, P < 0.01 for estradiol). There was, however, no correlation between

adult cyclic and age

progesterone level in serum and urine (r = 0.05, P = 0.24).
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cyclic monkeys on a single feeding of PM-10. The black and stripe lines indicate the

pre-treatment and treatment periods, respectively. The dash-vertical lines separated

each of cycles. The star indicates the highest peak of urinary FSH and LH levels in

each menstrual cycle.
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cyclic m&lkeys on a single feeding of PM-100. The meanings of the black and stripe

lines and dash-vertical line are the same as explained in Figure 6.2. The star

indicates the highest peak of urinary FSH and LH levels in each menstrual cycle.
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cyclic m&mkeys on a single feeding of PM-1,000. The meanings of the black and

stripe lines and dash-vertical line are the same as explained in Figure 6.2. The star

indicates the highest peak of urinary FSH and LH levels in each menstrual cycle.
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adult cyélic monkeys fed daily with PM-10 for 90-day. The black horizontal line

RN

indicates the treatment period. The vertical lines separated the menstrual cycles.
The short horizontal bars at the abscissa represent the day of menses. The star

indicates the highest peak of urinary FSH and LH levels in each menstrual cycle.
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monkey no. 108
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adult cyelic monkeys fed daily with PM-100 for 90-day. The meaning of the black
horizontal and vertical lines, horizontal bars, and stars are the same as explained in

Figure 6.5.
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adult cyclic monkeys fed daily with PM-1,000 for 90-day. The meaning of the black

horizontal and vertical lines, horizontal bars, and stars are the same as explained in

Figure 6.5.



120

monkey no. 624

70 6
60 - - 5
50' —
g - 4 5
= o
[e)] 40 -
£
g * ok s 5
[ add
E @ =
il
5 & %
) :, " ’
vk .._.m;‘.-_
=
o o
g) (@)
o
> £
£ ES)
o &
[ sand -
: 2
; -
7]
(o2 0]
o
o

AN Hﬁ\\\\;\g\\\\g& - Day
ﬂ‘iJEJ’J“fIEJﬂiWEJ’]ﬂ‘i
"'““’ﬂ’ﬁ"“\’ﬂﬂﬂim URNINYAY



121

monkey no. 633

90 4
80 -
= =
o O
jo o))
= £
> <
o [e))
£ £
L T
ol %)
L
=
O #
2 o
= o
2 E
e [e))
) =
c ——
= S
& 3
o =
2 g
o
T
Day

AUEINENINYINT
RSN TN TN



122

50

—— 10 mg/day —e— 100 mg/day R t1) ,000 mg/day
al

FSH (ng/mg Cr)

300
- 250
= 5
| .
O - 200 o))
2 E
= - 150 O
()] e
C N
= - 100 5
~4 #*
50 190
mg

estradiol (ng/mg Cr)

FV/

5 ‘~255 1525 356455 657585 5 1525&54555

9 mﬁm\ﬁﬁ“ e

—Y-.« X

<4
4,

Figure 6.8 Mean levels of urinary FSH (panel A), LH (panel B), and estradiol (panel
C) in aged menopausal monkeys treated with PM-10, PM-100, and PM-1,000. The
black horizontal and stripe lines indicates the treatment period. The symbols of a, b,

and c indicated the significant difference with P < 0.05.
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6.4 Discussion

The patterns of ufipary excretion af./gonadotropins and estradiol during the

menstrual cycﬁi iulgle’Qymmlﬁnuﬂ ’t.llea;nt study are similar to
those secretionmatterns in se M icl r iousl| ﬁ isomboon et al.,
2004).’;!‘ ﬂ:i @ﬂm‘i Mﬁrﬁeﬁﬁh | E’;hly fluctuation
throughout the menstrual cycle, although progesterone levels was a trend toward the
increase during the early luteal phase. The analysis of correlation coefficient
revealed that there was a significant positive correlation in FSH, LH, and

progesterone between serum and urine, but no correlation in estradiol levels. The

results are in agreement with those form previous studies showing that there are the
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similar patterns of gonadotropins (Cano and Aliaga, 1995) between in serum and
urine of women. Urinary gonadotropin levels can therefore provide a useful index of

serum gonadotropin secretion (Frohman, 1995).

The present study also investigated the estrogenic effect of PM on the
secretion of urinary gonadotropin and sex steroid hormones in both adult cyclic and
aged menopausal monkeys. We hypothesized that the pattern of urinary

gonadotropins and sex steroid MW parallel with those of the respective

hormones in serum, which was reveaie revious reports (Trisomboon et al.,
T -_J

2002a, 2002b, 2004)yeat"'ent of PM.in the dosages of PM-10, PM-100,

and PM-1,000 did n

tterns of ‘ij’ﬁnary gonadotropin, estradiol, or

progesterone throu | tr,' _‘ gyc!es in adult cyclic monkeys. The result
-4 I ‘1‘

-

was coincide with th

. a7
estradiol, or progesterghe levels from-

Furthermore, the previous

significantly suppressed s rurﬁgrdﬂadof@nd sex steroid hormone levels in both

TR .
adult cyclic and aged menopausal }néh"l&?s in ? dose dependent manner
—1 4—“'._._‘_}'

(Trisomboon et '~=‘=“': pattern of changes on those

H and@ aged menopausal monkeys.

Li et aﬂﬂﬁ%ﬂﬂ%{ &Wr%ﬂ:ﬂ %'el was observed within

1 day of follicular collapse in 96592% of the ‘:;.nenstrual cch}in premenopausal

womeQn‘Wa‘{i}@lgﬂ lﬂa‘i we%w ﬂﬁ} ﬂ%}uﬂai@%r for estimating

the day %f ovulation. Not only the prominent decrease in basal level but also the

=
hormones in urine weﬁ found, esp

absence of peak urinary FSH levels were found in adult monkeys fed daily with PM-
100 and PM-1,000 for 90 days. It implies that the daily feeding of PM can disturb the
folliculogenesis through the suppression of FSH menstrual cycle. This was partly
proved by the fact that the menstrual cycle was either prolonged or stopped in adult

monkeys treated with PM-100 and PM-1,000.
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Effect of PM on urinary LH level in both adult cyclic and aged menopausal
monkeys could not be clearly observed because of the high fluctuation of urinary LH
levels throughout the study period. The reason of this fluctuation could not be

explained in this study.

Changes in urinary estradiol levels also reflected the daily dose of PM in both
adult cyclic monkeys and aged menopausal monkeys. Up to now, no reports

showing the effect of phytoesttg\*' yu ption on metabolism of sex steroid

hormones. From the pre ed that PM phytoestrogens act as

estrogen and suppressea fiol t ouWease of gonadotropins in adult
cyclic monkeys as a

androstenedione to

io peripheral conversion of
opausal monkeys (Trisomboon et al.,
2002b). It is consid ﬁh@ry.-.pstradiol levels of adult cyclic
and aged monkeys d %re reflects the suppression of

estradiol production.

The present study demgngtﬁte tterns of levels of gonadotropins and
d--"",. f

estradiol in urine ofrlémale cynomow ith PM are closely related
e ¥

with those of respe Cy omolgus monkeys. Within

| . |
these hormones, urm’é}ry FSH is consndered to be a good indicator on the study of the

estrogenic eﬁﬂ wﬁfm}ﬁﬁﬂ%ﬁ W&ﬂcﬁf?stem
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