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Abstract

BACKGROUND: Estradiol produces great adverse effects in treatment of postmenopausal osteoporosis.

OBJECTIVE: To investigate the effects of small dose of estradiol combined with estradiol on bone tissue of ovariectomized rats.
METHODS: A total of 120 healthy female rats were randomly and evenly divided into five groups: sham-operated (only resection
of a small block of para-ovarian fat pad), ovariectomized (without drugs), puerarin, estradiol, and puerarin + estradiol. One week
later, rats from the puerarin, estradiol and puerarin + estradiol groups were subcutaneously injected with puerarin (50 mg/kg, once
a day), estradiol (200 ug/kg, twice a week), estradiol puerarin (25 mg/kg, once a day) + (100 pg/kg, twice a week), respectively.
RESULTS AND CONCLUSION: In the ovariectomized group, rat bone tissue was sparse, bone calcium and phosphorus levels
as well as bone mineral density were significantly lower compared with sham-operated group (P < 0.01). After estradiol and/or
puerain treatment, rat bone tissue morphology was obviously improved, and bone calcium and phosphorus levels and bone
mineral density were significantly increased. The above-mentioned indices were similar after small dose of puerarin combined
with estradiol treatment and high dose of puerarin combined with estradiol treatment. These findings suggest that small dose of
estradiol combined with estradiol treatment yields satisfactory curative effects in treatment of osteoporosis in ovariectomized rats.

INTRODUCTION

Estrogen replacement therapy for treatment of type 1
osteoporosis shows obvious curative effects, but
produces great adverse effects and many
complications; while simple traditional Chinese
medicine does not show ideal curative effects all the
time, traditional Chinese combined with western
medicine can reduce hormone use and thereby
reduce adverse effects and complications!'®. There
have been many reports describing simple use of
western medicine or traditional Chinese medicine for
treatment of postmenopausal osteoporosis in animal
models®'? but animal experimental studies
regarding traditional Chinese combined with western
medicine for treatment of postmenopausal
osteoporosis are rarely reported. This study was to
investigate the effects of small dose of puerarin
combined with estradiol on bone tissue and bone
mineral density in ovariectomized (OVX) rats, so as
to provide experimental evidence for treatment of
postmenopausal osteoporosis using traditional
Chinese combined with western medicine.

specific pathogen free grade, aged 5 months old
weighing 280+20 g, were provided by Laboratory
Animal Center of Guangxi Medical University
(certification No. SCXK (gui) 2009-002).

Drugs
The main component of puerarin injection was
puerarin, with the chemical structure of

ol

Puerarin injection, with a specification of

100 mg/ampoule, was purchased from Chengdu
Tiantai Pharmaceutical Factory, China (Certification
No. 0905053).

Estradiol benzoate was purchased from Zhejiang
Xianju Pharmaceutical Factory, China (Certification
No. 0908072).

Main reagents and instruments

MATERIALS AND METHODS

Design
A randomized controlled animal study.

Time and setting

This study was performed at the Department of
Histology and Embryology, Central Laboratory of
Morphology, and Central Laboratory of Science,
Youjiang Medical College for Nationalities in China
between May 2010 and January 2011.

Materials
Animals
A total of 120 healthy female Sprague-Dawley rats of

Reagent and instrument Source

Phosphorus agent kit Nanjing Jiancheng
Bioengineering Co.,Ltd.,
China

Olympus, Japan

Norleand, USA

Optical microscope

XR-600 dual-energy X-ray
absorptiometer

Analytical balance Shanghai Fangrui
Instrument Co.,Ltd., China

Beijing Ruili Analytical
Apparatus Company, China

Shanghai Optical Instrument
Factory, China

WEFX-IE2 atomic absorption
spectrophotometer
722 visible spectrophotometer

Methods
A total of 120 Sprague-Dawley rats were divided into
five groups according to body mass (n=24):
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sham-operated,ovariectomized (OVX), puerarin, estradiol, and
puerarin + estradiol. All rats were raised in separate cages with
standard chow and free access to water. The raising
environment was the same (illumination, ventilation,
temperature, and humidity) for all groups of rats.

Establishment of OVX rat models

Rats from the OVX, puerarin, estradiol, and puerarin+estradiol
groups were intraperitoneally anesthesized using 10%

3.0 mg/kg sodium pentobarbital. Under sterile condition,
through the incision made on each back, bilateral ovaries were
resected and then incisions were sutured layer by layer. The
resected ovaries were histologically identified. After surgery,
rats were injected with gentamycin for 3 days to prevent wound
infection. One week later, rats from the puerarin, estradiol, and
puerarin + estradiol groups were given corresponding drugs. In
the sham-operated group, a small block of para-ovarian fat pad
was resected.

Drug intervention

Rats from the puerarin, estradiol and puerarin + estradiol
groups were subcutaneously injected with puerarin (50 mg/kg,
once a day), estradiol (200 pg/kg, twice a week), estradiol
puerarin (25 mg/kg, once a day) + (100 pg/kg, twice a week),
respectively.

Observation of morphological structure of bone tissue
After drug intervention for 4, 8, 12 and 20 weeks, six rats of
each group were intraperitoneally anesthesized with 10%

3.0 mg/kg sodium pentobarbital and then left femur was
harvested, fixed, decalcified, dehydrated, embedded with
paraffin, sliced into 3 um sections, stained with
hematoxylin-eosin, and finally observed under 200-fold optical
microscope.

Measurement of femoral bone mineral density

After drug intervention for 4, 8, 12 and 20 weeks, the right femur
of six rats was harvested from each group and dried, and then
bone mineral density was measured through the use of
dual-energy X-ray absorptiometer, with a scanning width of

1.5 cm, scanning length of 4.3 cm and scanning speed of

4.0 s/m.

Measurement of femoral calcium and phosphorus levels
After measurement of bone mineral density, the harvested
right femur was dried again at 105 "C for 48 hours till constant
weight, then transferred into crucible for charring till no fume,
cooled to 600 C and maintained this temperature for 60
minutes, and dissolved with 20% hydrochloric acid. Deionized
water was added till the containing mark, bone calcium level
was measured through the use of atomic absorption
spectrophotometer. Using the same method for measurement
of bone calcium level, bone phosphorus level was measured
as follows: femoral tissue was dried till constant weight and
then transferred into a 10 mL ampoule, which was enveloped
after 20% hydrochloric acid was added. Subsequently, the
ampoule was placed in a baker at 110 ‘C for 24 hours to
sufficiently dissolve the femoral tissue. Finally, following
addition of deionized water till the containing mark, bone
phosphorus level was measured through the use of visible
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spectrophotometer.

Main outcome measures

Morphological structure of bone tissue, bone calcium and
phosphorus levels, and bone mineral density.

Statistical analysis

All experimental data were expressed as mean+SD and
statistically processed using SSTP software (version 2.0;
Shanghai Science and Technology Publishing House, China.
Analysis of variance and test of the significance of difference
were performed. A level of P < 0.05 was considered statistically
significant.

RESULTS

Quantitative analysis of experimental animals
A total of 120 rats were initially included and divided into five
groups. All rats were included in the final analysis.

Morphological structure of bone tissue

In the sham-operated group, compact bone was dense,
osteocytes were orderly arranged, trabecular bone was
sparse and slender, fractured in large fragments, and poorly
arranged, bone marrow cavity was enlarged, and deposited
calcium salt was reduced. After estradiol and/or puerarin
treatment, pathological changes of osteoporosis were
obviously improved, compact bone was thickened, tracebular
bone became thick and compact. Under the optical
microscope, there was no obvious difference in morphological
structure of bone tissue among the puerarin, estradiol and
puerarin + estradiol groups (Figure 1).

d: Estradiol group

e: Puerarin + estradiol group

Figure 1 Morphological structure of bone tissue after
intervention for 20 wk in each group
(hematoxylin-eosin staining, x200)

Rat femoral bone mineral density in each group

Rat femoral bone mineral density was significantly lower in the
OVX group than in the sham-operated group (P < 0.01). After
estradiol and/or puerarin treatment, rat bone mineral density
was significantly increased (P < 0.01) (Table 1).
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Table 1 Bone mineral density at different time points after estradiol
and/or puerarin treatment in each group  (xs, n=6, g/cm?)

Time after treatment (wk)

Group
4 8 12 20
Sham-operated  0.31:0.02  0.300.01 0.29:0.02  0.32+0.01
Ovatiectomized  0.25¢0.01°  0.23+0.01°  0.24+0.02° 0.26+0.01°
Puerarin 0.33+0.01° 0.28+0.03°  0.30+0.01° 0.32+0.02°
Estradiol 0.29+0.03°  0.27+0.02°  0.28+0.03° 0.30+0.01°
Puerarin+ 0.30£0.01°  0.29+0.01°  0.27+0.01° 0.31+0.03"
estradiol

P < 0.01, vs. sham-operated group; ®p < 0.01, vs. ovariectomized group

Rat bone calcium levels in each group

Rat bone calcium level was significantly lower in the OVX group
than in the sham-operated group (P < 0.01). After estradiol
and/or puerarin treatment, rat bone calcium level was
significantly increased (P < 0.01) (Table 2).

Table 2 Bone calcium level at different time points after estradiol
and/or puerarin treatment in each group (xts, n=6, mg/g)

Time after treatment (wk)

4 8 12 20

Group

Sham-operated 170.34+8.47 168.67+17.23 173.13£14.25 172.53+11.30
Ovatiectomized 151.24+11.30% 148.61+9.71% 153.57+12.25° 148.63+10.81°

Puerarin 165.26+10.52 161.34+11.14 164.72+15.40 167.81+15.57
Estradiol 163.50+£13.08 167.18+£20.32 164.34+13.21 170.93+16.15
Puerarin+ 159.46+16.40 160.55+13.48 162.06+10.85 164.15+£14.23
estradiol

P < 0.01, vs. sham-operated group

Rat bone phosphorus levels in each group

Rat bone phosphorus level was significantly lower in the OVX
group than in the sham-operated group (P < 0.01). After
estradiol and/or puerarin treatment, rat bone phosphorus level
was significantly increased (P < 0.01) (Table 3).

Table 3 Bone phosphorus level at different time points after estradiol
and/or puerarin treatment in each group (xts, n=6, mg/g)

Time after treatment (wk)

Group
4 8 12 20

Sham-operated 103.43+15.1 98.72+10.28 94.67+11.15 97.86+11.21
Ovatiectomized  87.5£13.26° 79.87+12.5° 84.46+9.65" 82.4+10.42°

Puerarin 98.75+9.86 93.45+14.16 92.53+8.94 90.76+15.12
Estradiol 101.24£12.37 96.31£14.07 98.25+10.15 94.13+12.11
Puerarin+ 97.26+11.01 91.32413.23 90.15+12.08 92.85+15.38
estradiol

#P < 0.01, vs. sham-operated group

DISCUSSION

Murine bone tissue structure is similar to human bone tissue
structure. Murine ovaries are easily recognized and removed
without damage to other organs during the surgery because their
location and morphological structure are relatively clear. Removal
of adult rat ovary can decrease estrogen level in vivo and
effectively simulate postmenopausal decreased ovarian function
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and reduced estrogen secretion-caused postmenopausal
osteoporosis in middle-aged and elderly women. OVX rats have
been considered the preferred animal models of postmenopausal
osteoporosist'¥l. Results from this study showed that after
ovariectomy, bone calcium and phosphorus levels and bone
mineral density were significantly decreased and pathological
changes of osteoporosis were observed, indicating that OVX rats
are a good animal model of postmenopausal osteoporosis.
Osteoblasts and osteoclasts or other cells of bone tissue have
estrogen receptort™'). Estrogen combined with osteoblast
receptor promotes secretion of osteoprotegerin, formation of
osteoid, and deposition of calcium salt, and thereby forming bone
tissue. If estrogen level decreases, osteoprotegerin secretion
would decrease and interleukin 1, 6 secretion would increase,
which cause decreased osteogenic function of osteoblasts and
increased osteolytic function of osteoblasts, leading to osteolysis
stronger than osteogenesis and finally sclerotin loss!'®?". In the
OVX group, estrogen level was decreased, and bone calcium
and phosphorus levels as well as bone mineral density were
decreased with sclerotin loss, leading to osteoporosis. After
estradiol and/or puerarin treatment, estrogen level was increased,
osteogenic function of osteoblasts was enhanced, and osteolytic
function of osteoclasts was decreased. Thus, increased bone
calcium and phosphorus levels as well as bone mineral density
were increased, and pathological changes of osteoporosis were
obviously improved. Bone mineral density and bone calcium level
were increased while bone phosphrous level was decreased with
the prolongation of treatment time, but there was no significant
difference, and the underlying mechanisms need to be studied.
Radix Puerariae isoflavone, the main component of puerarin,
exhibits estrogen-like pharmacological action, can inhibit the
generation and activation of osteoclasts, without adverse effects
of estrogen. Strong evidence exists that puerarin shows good
curative effects on osteoporosis of OVX rats??2, Bone tissue
morphology, which can directly reflect bone morphology and
structure, is the most objective diagnostic index of osteoporosis.
Bone mineral density is a golden standard of clinical diagnosis of
osteoporosis. The present study investigated the curative effects
of puerarin, estradiol, and puerarin combined with estradiol
treatment on osteoporosis in OVX rats by comparing changes in
bone tissue morphology, bone calcium and phosphrous levels,
and bone mineral density. Results from this study demonstrated
that low dose of puerarin combined with estradiol increased
compact bone and promoted the recovery of bone calcium and
phosphrous levels as well as bone mineral density. This
therapeutic protocol can reduce estradiol use and thereby reduce
estradiol-caused adverse effects, providing experimental
evidence for treatment of postmenopausal osteoporosis. In this
study, only one group of puerarin combined with estradiol was
designed, which is not enough to conclude that this combination
is the optimal, so future studies are needed to search the best
combination through different dose matches.

REFERENCES

[11  Rossouw JE, Anderson GL, Prentice RL, et al. Risks and
benefits of estrogen plus progestin in healthy postmenopausal
women: principal results From the Women's Health Initiative
randomized controlled trial. JAMA. 2002;288(3):321-333.

[2] Lacey JV Jr, Mink PJ, Lubin JH, et al. Menopausal hormone
replacement therapy and risk of ovarian cancer. JAMA.
2002;288(3):334-341.

ISSN 1673-8225 CN 21-1539/R  CODEN: ZLKHAH



Li H, et al. Puerarin combined with estradiol for treatment of osteoporosis in ovariectomized rats

@r’? 7(-,’2 WWW.CRTER.Org

(3]
[4]
(3]

[6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

Fletcher SW, Colditz GA. Failure of estrogen plus progestin
therapy for prevention. JAMA. 2002;288(3):366-368.

Dong M, Qi BQ. The advance in drug treatment of osteoporosis.

Neike. 2009;4(1):98-101.

Wau LQ. Disputation on hormone replacement therapy for
treatment of postmenopausal osteoporosis. Zhongguo
Linchuang Kangfu. 2003;7(3):452.

Pan JH, Zhang HX, Li FF, et al. Dynamic effects of radix
astragali on bone tissue in ovariectomized rats. Zhongguo
Zhongyi Jichu Yixue Zazhi. 2010;16(3):251-253.

Ge BJ, Wang YH, Guo HJ, et al. Effects of ipriflavone on

prevention and treatment of osteoporosis in ovariectomized rats.

Zhongguo Xiyao yu Linchuang Zazhi. 2010;29(2):94-98.
Deyhim F, Smith BJ, Soung DY, et al. Ipriflavone modulates
IGF-I but is unable to restore bone in rats. Phytother Res. 2005;
19(2):116-120.

Liu YY, Cui L, Wu T, et al. Protective effects of a combination of
estrogen and progestin on ovariectomized rats with
osteoporosis. Zhongguo Linchuang Kangfu. 2005;9(23):
228-230.

Lan GH, Shao ZW, Zhu SP. Protective effects of lycopene on
bone of ovariectomized rats. Zhongguo Laonianxue Zazhi.
2009;29(7):816-818.

Jia JH, Qiu XJ, Chen ZJ. Characteristics of a commonly used
animal model of osteoporosis. Guangxi Zhongyi Xueyuan
Xuebao. 2006;9(4):76-79.

Liang M, Zhang J, Liang XH, et al. Effects of combining
estrogen and progesterone on bone mineral density and
histomorphometry in ovariectomized rats. Zhongguo Zuzhi
Gongcheng Yanjiu yu Linchuang Kangfu. 2010;14(24):
4380-4384.

Shiraishi A, Takeda S, Masaki T, et al. Alfacalcidol inhibits bone
resorption and stimulates formation in an ovariectomized rat
model of osteoporosis: distinct actions from estrogen. J Bone
Miner Res. 2000;15(4):770-779.

Bai XH. Relationship between estrogen receptor and
postmenopausal osteoporosis. Zhongguo Zuzhi Gongcheng
Yanjiu Yu Linchuang Kangfu. 2008;12(37):7398-7400.

(18]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Wu XJ, Li J, Liuy, et al. Study of Antiosteoporosis effective
parts of the seeds of C. serrdserrate by a recombinant yeast.
Liaoning Zhongyi Zazhi. 2008;35(7):1060-1061.

Saika M, Inoue D, Kido S, et al. 17beta-estradiol stimulates
expression of osteoprotegerin by a mouse stromal cell line,
ST-2, via estrogen receptor-alpha. Endocrinology. 2001;
142(6):2205-2212.

Okazaki R, Inoue D, Shibata M, et al. Estrogen promotes early
osteoblast differentiation and inhibits adipocyte differentiation in
mouse bone marrow stromal cell lines that express estrogen
receptor (ER) alpha or beta. Endocrinology. 2002;143(6):
2349-2356.

Peng S, Xia R, Fang H, et al. Effect of epimedium-derived
phytoestrogen on bone turnover and bone microarchitecture in
OVX-induced osteoporotic rats. J Huazhong Univ Sci
Technolog Med Sci. 2008;28(2):167-170.

Kwan Tat S, Padrines M, Théoleyre S, et al. IL-6, RANKL,
TNF-alpha/IL-1: interrelations in bone resorption
pathophysiology. Cytokine Growth Factor Rev. 2004;15(1):
49-60.

Griffin MG, Kimble R, Hopfer W, et al. Dual-energy x-ray
absorptiometry of the rat: accuracy, precision, and
measurement of bone loss. J Bone Miner Res. 1993;8(7):
795-800.

Dong JZ, Ju DH, Jia CJ, et al. Effects of Herba Taxilli, Fructus
Lycii and Fructus Mori on osteoporosis of ovariectomized rats
and investigation on the underlying mechanisms. Zhongguo
Zhongyi Jichu Yixue Zazhi. 2010;16(6):483-486.

Gong HY, Zhang L, Zheng ZZ, et al. Effect of puerarin on type |
collagen expression in epiphyseal plates in fetal mice.
Zhongguo Zuzhi Gongcheng Yanjiu Yu Linchuang Kangfu.
2008,12(33):6439-6441.

Li H, Wang JH, Huang HL, et al. Effect of puerarin combined
with estradiol on bone tissues and bone metabolism in
ovariectomized rats. Zhongguo Zuzhi Gongcheng Yanjiu Yu
Linchuang Kangfu. 2010;14(46):8616-8619.

EREHMEM _EMNENEXNRE

FRERASRE R T R **

& W, T, wER, B @G LRAERFRASEBERME, mHERE%EAET  533000)

&, B, 1961 4, JEERAKEES
»El-/\, Rk, 1986 £ HEAXFHEL, &l
ﬁ&,z%&$%#&%&wmr¢&5%
BB TR

HE

B MEERITAEET RGITErER
ANRRNEKR.

BHY: Wug/J\?'JE%*E%H%é‘ﬂi’E:@NiCW
HRRE AR .

Fik: 120 SARFEMEME R A RS 5 S DIRR

B9 5 55 [ — /N R A AR R T AR AL RN R L
MUBHEE A L BREARAL L . BAR AL, M
HEEREHE i, 1 AR RN R, i
CREAANME — RE B AR R AL A RSB
(50 mg/kg, 1 ¥/d). HE—#2(200 pg/kg,
2 YR FOME —B2(100 uglkg, 2 W/JE)+ER
#(25 mglkg, 1 #&/d).

HERELE: RIVEMAIA KRB HRME,
B BAKCEREEEW RETBRFERA
(P < 0.01), MMM/ ERZIRTE
KEBHLAESHRHE. B, #KERm
ﬁﬁﬁ%mﬁmoﬁ¢¢ﬂ§%%ﬁ%ﬁé

e BV YT 5 SR B B 2% M A

ST . SRR M R 5 AR

FEGIRIT AT 2 B E R BUH BB RE P

A R RIVRITBOR

KB BARE, METEE, ZOPE. KR

B EAAE; HA TR

doi:10.3969/j.issn.1673-8225.2011.46.035

FESZES: R318  CHAFRIRE: B

LGS 1673-8225(2011)46-08698-04

Fg, T4t WER, B BIRERKS

W BT 2% B S OR B TULAAE [ YR T 1

WP EARTREHFT S IERES, 2011,

15(46):8698-8701.

[http://www.crter.org http://cn.zglckf.com]
(Edited by Hung HX, Chen LX/Song LP)

REARIRBHELEE—

Ee&E: raaiBdFise
(2010GXNSFA013268), 4 iz k% & %
1AL B AT (yk2009002), R4 % 473

ISSN 1673-8225 CN 21-1539/R CODEN: ZLKHAH

HBARE RO BRI LI & SD X &
B 40 47 A 45 BER o)

1E& il % —
i, FEEaehE—H, 4 rﬂ"?%,
F bk, Fwled, REIPEAFE =
ek, FHMEHFE R 240, F
— B R, FEMEHTR, F—1H
LT R

F S RERIG BAEAT R R
AR EEREMMEFEL ABEREE
o 2R A BB,

IR T itA s 4 A
B AR S A B AL AR R
Aoy (AT EADHHIEREL) 2
.

A b 2 AT SR

8701



