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Abstract

Ipriflavone (7-isopropoxy-isoflavone), a derivative of a natural isoflavone isolated from alfalfa (Medicago setiva
L.), seems to enhance the formation of bone-like nodules in rat bone marrow cell cultures by stimulating osteoblast
differentiation. A derivative of ipriflavone enhanced bone formation via an estrogen receptor-mediated pathway in
ovariectomized rats. Virgin mice of the SHN strain have a high incidence of mammary tumors and uterine adenomyosis,
the genesis of which needs a hormonal environment associated with prolactin and ovarian sex steroids. We investigated
the effects of ipriflavone on mammary carcinogenesis, uterine adenomyosis, and bone in virgin SHN mice. Treatment
with high-dose ipriflavone slightly lowered the incidence and number of mammary tumors though not significantly,
and significantly decreased tibial bone mineral density with an elevation in plasma alkaline phosphatase activity in the
intact mice. It was suggested that ipriflavone plays an anti-estrogenic role via the estrogen receptors in animals with an

estrous cycle.
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Introduction

Ipriflavone (IF: 7-isopropoxy-isoflavone), a derivative
of a natural isoflavone isolated from alfalfa (Medicago
setiva L.), has been used to inhibit bone resorption in
Japan since 19882 TF seems to act not only as an
inhibitor of osteoclast activity3> but also as an enhancer
2)

of osteoblast activity IF appeared to enhance the

formation of bone-like nodules in rat bone marrow cell
cultures by stimulating osteoblast differentiation” . A
dietary supplement of IF enhanced the bone mineral
density (BMD) of mandibular trabecular and cortical
bone in growing rats® . TAK-778, a derivative of IF,
was reported to enhance bone formation via an estrogen

receptor-mediated pathway in ovariectomized rats® .

ipriflavone, phytoestrogen, breast cancer, uterine adenomyosis, bone
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Taken together, IF seems to act as a phytoestrogen.
Virgin mice of the SHN strain have a high incidence
of mammary tumors and uterine adenomyosis, the
genesis of which requires a hormonal environment
associated with prolactin and ovarian sex steroids’ ¥,
In the present study, we investigated the effects of IF on
mammary carcinogenesis, uterine adenomyosis, and the

bone mineral density of tibia in virgin SHN mice.

Materials and Methods

Virgin mice of the SHN strain maintained in the
animal research center of Tokyo Medical and Dental
University (Tokyo, Japan) were used. This strain, a gift

from Professor Dr. Takao Mori, Department of Biological
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Sciences, Graduate School of Science, University of
Tokyo, has a high incidence of mammary tumors and
uterine adenomyosis.

The mice were housed in plastic cages with wood
shavings under controlled temperature (24 = 0.5C) and
lighting (12 h of light from 0600 to 1800 h) conditions,
and given free access to a commercial diet (CE-2, CLEA
Japan, Tokyo, Japan) and tap water. All procedures used
on the mice were described in detail in a protocol that
was approved by the Animal Care and Use Committee
of the Graduate School of Medicine, Tokyo Medical and
Dental University, and all experiments conformed to the
regulations described in the U.S. National Institutes of
Health (NIH) Guide to the Care and Use of Laboratory
Animals.

At 71 days of age, the animals were divided into two
experimental groups of 10 mice each. For the control
group, 24 mice were prepared. In the experimen-tal
groups, CE-2 containing ipriflavone (IF: 7-isopropoxy-
isoflavone, C;gH;603, MW 280.32, Osten®, Takeda
Pharmaceutical Co., Ltd.,, Osaka, Japan: two dosages of
100 mg and 1 g in 1 kg of diet) was provided for 210
days. In the control group, CE-2 alone was given for 210
days. Assuming the daily intake of diet tobe 3 gina 30 g
mouse, the daily intake of IF was calcu-lated to be 0.3 mg
and 3.0 mg at low and high doses, respectively.

When a palpable mammary tumor appeared, it was re-
moved under anesthesia and fixed in a 10 % formaldehyde
buffer solution (pH 7.2). Mice were anesthesized
with ether, bled by cardiac punc-ture, and sacrificed by
cervical dislocation, and their organs were removed and
weighed just before death by diseases or at 280 days of
age. The plasma samples obtained were stored at -80 C
for the later determination of plasma levels of biochemical
markers. Removed uteri and mammary tumors were
fixed in a 10 % formaldehyde buffer solution (pH 7.2),
embedded in paraffin, and prepared as 5-um serial
sections, then stained with Mayer's hematoxylin and
eosin for histological examination. Each tibia was fixed in
99.5 % ethanol and stored for the later determination of
bone mineral density (BMD).

BMD was determined by dual energy absorptiometry
(DXA). Total BMD (Ca mg/cm?) of the entire tibia
was measured by DXA (Aloka, DCS-600, Tokyo, Japan)

as bone mineral content (BMC) /bone area. The BMD of
the proximal metaphysis of the tibia was also measured
by DXA as BMC/bone width (Ca mg/cm?), ie. part of
the trabecular bone.

Data were expressed as the mean * SEM. (standard
error of the mean). Statistical analyses were carried
out using a one-way analysis of variance (ANOVA) and
the unpaired #-test. The p values less than 0.05 were

considered to be statistically significant.

Results

There were no differences in body growth among the
groups (Table 1). There were few differences in the
wet weights of the liver, spleen, kidneys, and adrenals.
The wet weight of the ovaries tended to decrease with
the dose of IF though not significantly.

There were few differences in the plasma levels of
albumin, glucose, creatinine, total cholesterol (TCh),
triglyceride (TG), and free fatty acid (FFA), and the
activities of aspartate aminotransferase (AST), among
the groups (Table 2). On the other hand, the activities
of lactate dehydrogenase (LD) and alkaline phosphatase
(ALP), and the plasma levels of blood urea nitrogen
(BUN), were increased by high-dose IF (p < 0.05).

Tumor incidence and the number of mammary tumors
in the high-dose IF group tended to be lowered to two-
third and a half of those of the control, respectively,
though not significantly (Table 3). There were no
differences in the latent periods of the mammary tumors
between the groups. There were few differences in
the numbers of survivors and the incidence of uterine
adenomyosis at the age of 40 weeks.

Bone mineral density (BMD) was significantly
reduced to 94.6% and 92.3% of levels in the control by
the intake of high-dose IF in the whole tibia (p < 0.01)
and the proximal metaphysis of the tibia (p < 0.05),
respectively (Figure 1).

Discussion

Virgin mice of the SHN strain have a high incidence

of mammary cancer and uterine adenomyosisgflm,

the genesis of which requires a hormonal environment
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Table 1 Body growth and organ weights

Ciroups Control Ipriflayvone Ipriflayone
0.1 g'kg die | kg died
il {24) { 1) LEN]
Bl v it
Final BW (g) 3009+ 0.4 205+0.3 34+04
Girowth (%4) 15+ 56 1034+ 10 1028+ 1.4

Chrgan weight {mg)

Livery BW RIS R a6 0+ 1.1 dait 1.0
Spleen'y BW 151237 G674 1.3 Th.l Ld.b
Kiditeys/n BW LIRS | RS R S 103 £ 0
Aclremals 100 BW MTLl4 d5.04 24 40,7 &£ 32X
Chvaries 100 BY TTT+57 TLOL 4.0 Gi 84 d.5

Data are means £ SEM.
*Significantly different from that of the control: p < 0.05

Table 2 Plasma biochemical markers

iroups Control Ipriflavone  Ipriflavong
0] g'ke dist | gk diet
(n) 24) L] (lm
A Ibwmin {zdl) 209+0001 |85 + 006 &%+ 007
Gilueoss (mg'dl) 1054+ 86 1220+39 100+ 6.3
AST (1L} TLE= 141 1.8+ 14.7 647
Lo I 03+23 123440 W1+ 049*
AL (I al.l 4.2 hih.a+ 57 T95 4 56%
BUMN (mgdl) 245+1.3 Wi+ I3+ 1.4
Creatimine (mg'dl) 16 4 dhol (16 4 0.0k L1 £ CLCK
TCh {mg/dl] R 4254+ 4.4 4464 3,1
T (mg ey 2003+ 3.1 20,1 +£4.2 179433
FFA (nECN 1027 + &4 1063 + 31 G52+ 73

Data are means * SEM.
*Significantly different from that of the control: p < 0.05

Table 3 Mammary tumors and uterine adenomyosis

Groups Control Iprifavang Iprifaveng
0.1 g'kg diet 1 g'kg diat
{n) (24 { 11¥) {10
Mammary tunes
Incidence 11524 S0 DL
Mumbser 1424 i1 L
Latemt periods (w) 324+ 1.0 J42+30 30=35
Survival (40%W of age) 20024 a4 210
LUiering adenomyosis
Incidence 22724 910 ALER ]

Data are means + SEM.
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Fig.1 Bone mineral density (BMD: Ca mg/cm?) of the tibia.
Data are the mean

1F 1.0g/Kg Diet

+ SEM in whole tibia (left-sided) and proximal metaphysis of the tibia (right-sided).

Right and left upper white bars for the control, a couple of middle bars with gray-stripe pattern for mice
supplemented with low-dose of ipriflavone and bilateral lower black bars for mice supplemented with high-dose

of ipriflavone.

Asterisks, ** and *, represents significant difference from each corresponding control at p < 0.01 and 0.05,

respectively.

associated with prolactin and ovarian sex steroids’™®
A derivative of IF, TAK-778, induced bone regeneration
and stimulated fracture healing in an animal modelm,
increased bone formation via an estrogen receptor-

6)

mediated pathway in ovariec- tomized rats”, and

enhanced ALP activity in rat bone marrow cell

12 1n the present study, treatment with high-

cultures
dose IF slightly lowered the incidence and number
of mammary tumors though not significantly, and
significantly decreased tibial BMD values with an
elevation in plasma ALP activity in “intact” mice, but
not ovariectomized mice. It is suggested that IF acts via
the estrogen receptors in animals with an estrous cycle,
Le. its action lowered the gonadotropin secretion from
anterior pituitary gland, followed by the circulating levels
of endogenous estrogens, thus leading to the reduction
in the incidence of mammary tumors and BMD values of
tibia. From the present results, it may be recommended
that IF should be used in the treatment of osteoporotic
bone disorders in only postmenopausal women, with

monitoring of the incidence of breast cancer.
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