Chapter Vi

Long-Term Treatment of Pueraria mirifica Phytoestrogens on
Parathyroid Hormone and Calcium Levels in

Aged Menopausal Cynomolgus Monkeys

Abstract \ ’////

Prior studies hav n, th t so;(‘neﬂames have a beneficial effect in

fro en"--- deﬁ% The aim of the present study
\

preventing bone loss
is to determine effe ) containing phytoestrogens on serum
parathyroid hormon Is. on estrogen deficiency. Aged
menopausal monkeys#(MV. : ...- uléris) treated with 10, 100, and 1,000

ery 5 days during 30-day, 90-day,

L oF

and 60-day of the pre-treatmént, *freatmyd post-treatment periods, respectively,

and sera were assaﬂed for Fﬂ-restrad%?levels The results showed

that PM-1,000 had ongest effect on the d aselin PTH (0.001 < P < 0.05)

during the ,!ubatment period. PTH levels
remained low for the fi fzi iﬁ Ejﬁ ﬁy i(om < P=<0.05). PM-
10 induced t ilsu sj ﬂ (P = 0.02) during the
treat y 75 (P < 0.01).
AN s MY ’Tﬂ 3]
e no caIC|u

The changes in serum evels throughout the study

and calcium levels @001 < P <003

period in PM-100 group. Estradiol levels decreased significantly during the treatment
period in all treatment groups. The result suggests that the long-term treatment of
1,000 mg/day of PM containing phytoestrogens can decrease serum PTH and
calcium levels in aged menopausal monkeys, indicating that PM ameliorate bone

loss caused by estrogen deficiency.
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7.1 Introduction

Menopausal osteoporosis is a disorder of bone characterized by the

progressive loss of bone tissqucﬁ/fEins after estrogen deficiency in both
S ——

natural and surgical menop:u\ief:(ff’acil The increase in PTH secretion
i e re ‘orptWeoporosis, which is related with

i z*i}sian, MKane et al., 1997). Although

d yet, hﬁ!iathyroid hormone (PTH) is a

contributes to the increa:

estrogen deficiency (Si

the exact mechanis

major factor involve of bone resorption. Overproduction

of PTH leads to an in pared with bone formation and to

the general skeletal d ased PTH level has been found

T

concomitant with the decreaséd bone @n aging (Delmas et al.,, 1983). The

———

LR\ L N
pathogenesis of poﬁmenopéuﬁl‘éstsﬁp S mp' ated, but one pathogenetic
1 'L‘d j
mechanism of ostédporo 3 nic loss \im balance on intestinal and

-

ed by an itﬁrease in PTH concentration,

'g:,r:rally thoﬁtﬁbﬁﬁc%dg} ﬁp%(ﬂogs*‘btﬁr%ucﬁon of serum calcium
QEARIRTRINDT W 2B Bhesre g

and daic?zein, has the beneficial effect on reducing bone loss associated with ovarian

i
renal calcium handlirﬂ. It is chara

hormone deficiency (Ishimi et al., 1999; Mei, Yeng, and Kung, 2001; Yamori et al.,
2002). Soy isoflavone treatment induced a great increase in bone mineral density
(BMD) in ovariectomized rats (Blum et al., 2003) and mice (Ishimi et al., 1999).
Postmenopausal women with habitually high intake of dietary isoflavones had t'he

significantly lower level of serum PTH and higher BMD (Mei et al., 2001). From the
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in vitro study, the decrease in bone calcium content induced by bone resorbing
factors, PTH, and prostaglandins E2 was inhibited completely by genistein (Gao and
Yamaguchi, 1999). Moreover, genistein blocked both the inactivation of acid
phosphatase and the activation of alkaline phosphétase due to PTH in bone tissues,
resulting in a reduced bone resorption in rats (Yamaguchi and Gao, 1998). These
evidences strongly suggested that phytoestrogens play a potential role in preventing

bone loss caused by estrogen defj c'e cy in women as well as female animals,

possibly through the reductlon of P é//

Pueraria mirifica Ww - whrt ao krua, is a Thai indigenous plant

that has long been éitv ,nq“ting druNhe chemical contents in its

tuberous roots wer y the h!?h performance liquid chromatography
technique and many 3 ,_, bs nces were found, including miroestrol
(Pope et al., 19584 Jones 1960).t deoxymiroestrol, kwakhurin
(Chansakaow et al., 2000) coumstm;]?z‘nd isoflavones (genistein and daidzein)

ey

(Ingham et al., 1988, 198 *léefverai 1@&05 paid attention to its estrogenic

effect on the reproductlve 'Orgéns andjﬁmhtons (Sz,mtasm et al, 1986, 1989;
A\

Trisomboon et al., 2802;-2004);Rese ::“r—';;;:-v-—» il odel is considered to find

= i
and the effect of PM.Jreatment of the su sion of‘_}/l at various doses influenced

serum gonadotropin levélssin both of agedtmenoiiusal and adult cyclic cynomolgus

monkeys (Tnﬂnuﬂtg m(gj m‘t‘; ’]nisymptom was found in
the adult cyclic m ﬂ ﬁﬁ y found that the
admln@aﬁa ﬁ f uﬁ ‘:lvj ﬁ ﬁ ﬂf ﬂlated symptoms
in women such as hot flushes, frustration, sleep disorder, skin dryness, high blood
cholesterol, and amenorrhea with no changes in blood cells and liver and renal
functions (Muangman and Cherdshewasart, 2001). There was no report, however,

indicating effect of PM on bone, calcium, or PTH levels, especially in menopausal

women or female animals that face the préblem of bone disorder. The purpose of
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this study therefore was to investigate the estrogenic effect of long-term treatment of
PM on serum levels of PTH and calcium in aged menopausal monkeys. Aged
menopausal cynomolgus monkeys (Macaca fascicularis) were used in this study as a
representative of menopausal women because .the monkeys have physiological
systems including hormonal pattern and reproductive function similar to those of

humans (Malaivijitnond and Varavudhi, 1998; Krajewski et al., 2003).

7.2 Materials and Me

| . R
7.2.1 Animals -\\
Aged menopau \ Scleularis, n = 9) with a complete
cessation of menstruati !; ’ e r%g 4.0 - 6.5 kg were selected.

Menopausal state of th A was o \and checked daily by vaginal

swabbing method before/ an i _ i Area . The monkeys were housed

kok, Thailand. Lighting

Faculty of Scnerlrg‘g, Chulalongkom Unwm

conditions of the

mal room 12 h light to dark cycle).

[ !
Temperature and h;nridity fluctuated slightly depending on the season. The

monkeys fedﬂiulﬁ majrw ﬂ%(ﬁfﬂ'nﬂ R!]iﬁl ?ed Co., Ltd., Bangkok,

Thailand) in th& morning (09:00 - 6“IO :00 h) and supplemented W|th fresh fruits in the

s {1400 €0 B i i o o o

committee in accordance with the guide for the care and use of laboratory animals

prepared by the Primate Research Unit, Chulalongkorn University.
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7.2.2 Experimental Design

Nine aged menopausal monkeys were divided into three groups. Monkeys in
each group (n = 3) were fed daily with the suspension of PM at doses of 10, 100, and
1,000 mg/individual between 08:00 — 08:30 h. The treatment schedule was
separated into 3 periods: pre-treatment (30 days), treatment (90 days), and post-

treatment (60 days). During the pre-treatment and post-treatment periods, monkeys

were fed with 5 ml of distilled wa \!"’,
e“

femoral vein without anestmﬁzaht@n‘
H'i .’
= 7 - o H
C, for 205@ es and stored at —20 ° C until PTH,

were centrifuged 1,7(?

estradiol, and calcium

| blood samples were collected from the

0 — 09:30 h every 5-day, and, then

7.2.3 Preparation g

The fresh tubero , M { ed, dried in hot air oven at 70 ° C, and

subsequently ground intg'powder at size.
1 e e, |

was kept in the dark desice tog‘b?{j)re -thgar on of its suspension. PM powder

was suspended intox5 ml of dﬁﬁﬂéﬁﬁvéﬁ'@pt in a dark bottle at 4 °C until
) V3

the feeding time. | = Jj

I e
7.2.4 Hormonal]nal ses

‘ ‘a ‘ L ‘
Serum tﬁiluﬂn’nvm ﬂmguﬂ ;Lglaﬁc absorptiometry. After
extraction of et}iler serum level of estradi | wa i ep]b le-antibody RIA
with sﬂaﬂﬂﬂﬂaﬂi@uﬂ t jmed ﬁﬁof World Health

Organization (WHO) (Sufi et al., 1986). Serum PTH levels was assayed by PTH-C

radioimmunoassay kit of Eiken Chemical Co.Ltd. (Bunkyo-ku, Tokyo, Japan). The
procedure of PTH assay and parallelism check were described in the previous report

(Malaivijintnond et al., 2000).
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7.2.5 Statistical Analysis

Serum levels of hormones were expressed as mean + S.E.M. Analysis of
variance (ANOVA) followed by the LSD test was applied to determine the
significance of difference among three periods of experiment and among three

groups. Differences were considered significant at P < 0.05.

S\
7.3 Results \é\x\ ,////

7.3.1 Characteri mo u._ Aged Menopausal Monkeys

/

The menopausa! of . monke s was confirmed by the low levels of
serum estradiol (1447 ' _.J Um c@ ipared to the levels in normal cyclic
monkeys in the late cycle in our colony (59.89 +
10.66 pg/ml). Figure 7.1 shows gﬁq’e hhip Detween basal levels of estradiol and

PTH as well as calcium. he?'eiwm a @' positive correlation between the basal

levels of calcium av:g estradiof' r Z 0.46: aZEI no correlation between the

levels of PTH and

7.3.2 Changes in SerUm PTH, Calcium, and Estradiol Levels in Monkeys

Mﬁumwmwmm

Changes in serum PTH, caldium, and estradiol levels du&%tjh'e pre-treatment,

e R0 SR AVIEL

PM-1,000 are shown in Figures 7.2 — 7.4. As shown in Figure 7.2, monkeys treated

0, PM-100, and

with PM-10 showed a trend, but not significant that the level of PTH became lower on
days 40 - 90 (0.06 < P < 0.51) in treatment period, than that in the pre-treatment
period, except day 80 (P = 0.02). After the cessation of PM treatment, PTH level was

quickly returned to the pre-treatment levels thereafter. Serum calcium levels
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decreased significantly on day 75 (P = 0.01) during treatment period and gradually
returned to the basal levels thereafter. Serum estradiol levels significantly
sporadically decreased (days 30, 55, 65, 70, and 90 during the treatment period; 0.01
< P < 0.047, and days 5, 15, and 25 during the post-treatment period; 0.04 < P <
0.05).

As shown in Figure 7.3, monkeys treated with PM-100, PTH and calcium levels

did not significantly change throu study period. Estradiol levels decreased
significantly in some point - ays 15, 20, 55, 70, 75, and day 90;

0.03 < P < 0.05) and

ment p s 5 and 10; 0.03 < P < 0.05)

compared to the pre-tre

As shown in Fi 1,000, showed the significant

decrease in PTH le '< 0.05) compared to the pre-
treatment levels. PTH'levels rem ihet , [ 15 days of the post-treatment

period (0.01< P < 0.05)/" Calciunt levels d significantly only at the latter half

the early post-treatﬁent A els significantly lowered than the
\ : : %
= )

0.01) ofthe post-treataent period.
AUEINENINYINT
ARIAN TN INYAE
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Figure 7.1 Relationship between basal serum levels of PTH and calcium with

estradiol in aged menopausal monkeys.
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Figure 7.2 Changes in serum PTH, calcium, and estradiol levels during the pre-
treatment (A), treatment (B), and post-treatment (C) periods in monkeys treated with

PM-10 (n = 3). A horizontal bar indicates the treatment period. The star shows

significant difference (P < 0.05)
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Figure 7.3 Changes in serum PTH, calcium, and estradiol levels during the pre-

treatment (A), treatment (B), and post-treatment (C) periods in monkeys treated with

PM-100 (n = 3). A horizontal bar indicates the treatment period. The star shows

significant difference (P < 0.05)
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treatment (A), treatment (B), and post-treatment (C) periods in monkeys treated with

PM-1,000 (n = 3). A horizontal bar indicates the treatment period. The star shows

significant difference (P < 0.05).
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7.4 Discussion

This study firstly reports the effect of phytoestrogens from the medicinal plant,
PM, on altering serum levels of PTH and calcium in estrogen deficiency animals.
The result clearly demonstrated that aged menopausal monkeys treated with PM
were induced the decreasing in PTH levels and followed by the decline of serum
calcium levels. The highest dose (PM-1, 000) seems to be more effective for the

decrease of PTH and calcium lavhl M tge lowest dose (PM-10). The effect,

however, did not depend omdgges be |gniﬂcant decrease could not be

observed in PM-100 gye » why,‘them.a‘g no effect of PM-100 on serum
PTH and calcium levels«€8 o |ajj_ned irTERiMdy.

.r'\.
As similar to our fmempa a1 women consumed high isoflavones

from soy diet had the lo vl of ée%-n P

ei et al., 2001). The decrease of

PTH levels associated w, n‘increase a the lumbar spine and Ward’s
triangle, suggesting that intake :' 1P ns may help to improve the state
*L'- -

of hyperparathyrondlsm in postmemp e

_.-.a___,_____‘

en resulting in both lower rates of

Estrogen adminiyations have onstrats_d to decrease serum levels of

PTH and calcium in postmenopausal worfien (S QEJ e and Mallette, 1985;

Khosla et al., 7u lEJaq ?Jezlyl iﬂ hlbits bone resorption,
Ieadln ﬁ ,j G tj i bﬁ Ertlon (Stock, et
1985 hosl g may have a lrect action on enhancing

intestinal and renal tubular calcium absorption and modulating calcium homeostasis
(Vincent et al., 2003). In addition, the in vitro study showed that estrogen receptor
(ER) was found in parathyroid cells, and estradiol treatment caused a decrease in
their basal DNA synthesis (Wong et al., 2002), suggesting that estrogen may have a

direct effect on PTH secretion.
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It is concluded that P. mirifica phytoestrogens behave as an estrogen and
decrease the PTH levels, since phytoestrogens compete with estradiol for binding to
ER, which were found in the renal, gastrointestinal tract, and bone (Onoe et al., 1997;
Gustafsson, 1999). Phytoestrogens may have an éffect on these organs to improve
calcium absorption resulting in a secondary decrease in PTH level. Based on the
finding by Wong et al. (2002) described above, this study can hypothesize that PM
phytoestrogens have a direct act\or , on decreasing PTH secretion from the

parathyroid gland.

complex. Normally, it i /on hej‘--bone and tenal to increase calcium influx

into the blood circulatioh: ‘_mul tes indirectly the calcium absorption from the

calcium level in patients pal ‘ yroidi ., 1998). Lower level of
Y| 2 ,-L:.

serum PTH therefore indu d‘ﬁ%cﬁo’@rum calcium level in blood circulation.

The result of the prfsent studsjfshowem lon -term treatment of PM can

suppress PTH level, whichris followed by thi Y 'alcwm level.

Although the Ioﬁg-term treatment of PM led to the decrease in serum calcium,

serum calc.unﬁ\ﬁ Ejmg ﬁﬁ%ﬁpﬂﬂ"‘l Fﬁey groups (9.91 + 0.13

mg/dl) were kept in the narrow ran%e and remalned within the normal range (10.57 +
022 ] B e T M 4 i 40 B, o v
retumedqto the pre-treatment level. Calcium is of fundamental importance to all
biological activities, and it is also a vital component not only in the mechanism of
hormone secretion but also hormone action and involved in neurotransmission and
muscle contraction. For this reason, it is vital that calcium concentration is kept
within a narrow range. The fact that aged monkeys treated with PM for 90 days, the

levels of serum calcium was not greatly lowered than its normal range, means that
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the long-term treatment of PM containing phytoestrogens do not have an adverse

effect on calcium homeostasis in physiological system.

Although the study can not completely explain the mechanism of PM on the
decreasing of PTH and calcium levels, the study, at least, is surely to note that the
effect on PTH and calcium levels were not caused by the endogenous ovarian

estradiol but by PM phytoestrogens. This was confirmed by low estradiol levels
throughout the study period in Q{W oups. During PM treatment, serum
estradiol levels were even an &he pre-treatment period, which is

considered to be cause du ion i eral conversion of estrone and
’ .
00 \9\*& genistein and coumestrol
trone.to estradiol (

testosterone to estradi
reduced the conversi ella et al., 1995; Whitehead
et al., 2002) and of 4an terone to estradiol in human

granulosa luteal cells

serum levels of PTH and caICIum

Sy r’.-f

recommended that 1:(!) mg/day of m; ight monkey or 2 mg/kg

.' ression of serum levels of

gonadotropins in aged enopausal monkeys (Tnsomboon et al,, 2002). The present

study found, hﬂaﬂ Ela«gdﬂ ﬁ/ﬂ%’ w ﬁqﬁéﬁnal effect on preserve

calcium content‘ih bone by reducnr;g PTH secretlon Howevebto determine the

oroe Y ) 71488, 4 498 o bl e sstions

studies ara necessary.
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