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Preventive Effects of Glycyrrhizae radix Extract on Estrogen-related Endometrial 
Carcinogenesis in Mice
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Short- and long-term experiments were conducted to examine the effects of Glycyrrhizae radix (Gl
radix) extract on mouse endometrial carcinogenesis. Gl radix treatment (2 weeks) decreased the
levels of c-fos/jun mRNA and the corresponding oncoproteins induced by estradiol-17ββββ (E2) in
castrated mice uteri, as determined by reverse transcription-polymerase chain reaction and South-
ern blot analysis, and immunohistochemical methods, respectively. For the long-term assays, 98
female ICR mice were given N-methyl-N-nitrosourea (MNU) solution (1 mg/100 g body wt.) and
normal saline (as controls) into their left and right uterine corpora, respectively. They were divided
into four groups as follows: group 1 was given 0.625% Gl radix- and 5 ppm E2-containing diet;
group 2, 5 ppm E2-containing diet; group 3, 0.625% Gl radix-containing diet; and group 4, the
basal diet alone. Gl radix treatment significantly decreased uterine weights and the incidences of
uterine endometrial atypical hyperplastic and malignant lesions. It is suggested that Gl radix has
inhibitory effects on E2-related endometrial carcinogenesis in mice, through suppression of estro-
gen-induced c-fos/jun-expressions.
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Glycyrrhizae radix (Gl radix) is used in approximately
74% of traditional Chinese herbal medicines.1) Glycyr-
rhizin (GL) is a major constituent of Gl radix, and other
components include glabric acid, flavonoids such as liqui-
ritin, licoricone, licoflavone, licoricidin, and formononetin,
as well as putrescine, glycyrol, isoglycyrol, glycyrin, gly-
cycoumarin and deoxoglycyrrhetol.1) GL has been shown
to possess several beneficial pharmacological effects
including anti-inflammatory activity,2) corticosteroid
effects3) and others. GL has anti-estrogenic4) as well as
estrogenic effects.5) In general, anti-estrogenic effects
work protectively against estrogen-dependent cancers.
This has been confirmed for uterine endometrial cancer in
animals.6) There are some reports of chemopreventive
effects of GL on skin carcinogenesis,7, 8) although the role
of the anti-estrogenic action was not established.

Among the transiently expressed immediate early genes,
c-fos/jun appears to be related to cellular proliferation and
differentiation.9) It is noteworthy that acute administration
of estradiol-17β (E2) causes a transient increase in expres-
sions of c-fos,10) c-jun11) and c-myc,10) followed by DNA
replication. Among three natural estrogens (estrone, E2

and estriol), E2 is considered to exert the most prominent
enhancing effect on mouse endometrial carcinogenesis ini-
tiated with N-methyl-N-nitrosourea (MNU).12, 13) Recently,
the overexpression of c-fos/jun mRNA in castrated mouse

uterine corpora was shown to be closely related to estro-
genic activity.12–14) Elevated c-fos/jun expression was
reported in estrogen-induced hamster kidney tumors.15)

Expression of c-jun in human endometrial carcinomas was
also reported to be a prognostic indicator.16)

Therefore, the present study was undertaken to assess
whether administration of Gl radix exerts suppressive
effects on mouse uterine endometrial carcinogenesis
induced by MNU and E2, and whether expression of fos/
jun mRNA and the corresponding proteins is associated
with the mechanism of estrogenic action.

MATERIALS AND METHODS

Animals and chemicals  Female ICR mice were pur-
chased from Japan SLC Co. (Shizuoka). The basal diet
(Oriental MF, Oriental Yeast Co., Tokyo) and filtered tap
water were available ad libitum throughout the experiment.
E2 was purchased from Sigma Chemical Co. (St. Louis,
MO). Gl radix extract was purchased from Tsumura Co.
(Tokyo).
Experimental protocol for assay of short-term effects
of Gl radix  Female ICR mice, 12 weeks of age, were ova-
riectomized by laparotomy under general anesthesia with
diethyl ether. Two weeks later, castrated mice were
divided into three experimental groups (6 mice in each).
Group 1 was given the diet containing E2 (5 ppm) and Gl
radix (0.625%). The dose of 0.625% Gl radix extract in
the diet proved to be enough to inhibit the estrogenic
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action of 5 ppm E2.
5) Group 2 was fed the diet containing

E2 (5 ppm). Group 3 served as controls. Two weeks later,
resected uteri were cut longitudinally in half. One half was
quickly frozen in liquid nitrogen for the following experi-
ment, and the other was subjected to pathological exami-
nation.
Reverse transcription-polymerase chain reaction (RT-
PCR)  Total RNA was isolated from frozen tissues by
a guanidium thiocyanate-phenol-chloroform extraction
method.17) Total RNA (3 µg) was reverse-transcribed with
Moloney murine leukemia virus reverse transcriptase
(MMLV-RTase, 200 units, Gibco BRL, Gaitherburg, MO)
in 20 µM Tris-HCl (pH 8.4), 50 µM KCl, 2.5 µM MgCl2,
0.1 µg/ml bovine serum albumin, 10 µM dithiothreitol,
and 0.5 µM deoxynucleotides to generate cDNAs using
random hexamers (50 ng, Gibco BRL) at 37°C for 60 min.
The RT reaction mixture was heated at 94°C for 5 min to
inactivate MMLV-RTase. For c-fos or c-jun mRNA
expression, forty cycles of PCR, consisting of 1 min at
94°C for denaturation, 1 min at 55°C for annealing, and 1
min at 72°C for extension, were carried out using reverse-
transcribed cDNAs and 0.1 mM specific primers in an
Iwaki thermal sequencer TSR-300 (Iwaki Glass, Tokyo)
with Vent DNA polymerase (New England Biolabs, Bev-
erly, MA) in 10 µM KCl, 20 µM Tris-HCl (pH 8.8), 10
µM (NH4)2SO4, 2 µM MgSO4, 0.1% Triton X-100, and 0.15
µM deoxynucleotide phosphates. Twenty cycles of PCR for
glyceraldehyde-3-phosphate dehydrogenase (GAPDH, a
house-keeping gene) mRNA as an internal standard were
performed similarly.

The following oligodeoxynucleotides were synthesized
as specific primers for PCR according to published infor-
mation [cDNAs for c-fos,18) c-jun,19) and GAPDH20)]: sense

for c-fos, 5′-CTTACGCCAGAGCGGGAATG-3′; anti-
sense for c-fos, 5′-AAGCCTCAGGCAGACCTCCA-3′;
sense for c-jun, 5′-AGAGCATGACCTTGAAC-3′; anti-
sense for c-jun, 5′-CTGGGAAGCGTGTTCTGGCT-3′;
sense for GAPDH, 5′-TGAAGGTCGGTGTGAACGG-
ATTTGG-3′; antisense for GAPDH, 5′-CTCCTTGGAG-
GCCATGTAGGCCAT-3′.
Semi-quantitative analysis of c-fos/jun mRNA expres-
sion by Southern blot of PCR products  PCR products
were applied to 1.2% agarose gel for electrophoresis at
50–100 V. PCR products were capillary-transferred to
Immobilon transfer membrane (Millipore Corp., Bedford,
MA) for 16 h. The membrane was dried at 80°C for 30
min, and UV-irradiated to fix the PCR products. PCR
products on the membrane were prehybridized in 1 M
NaCl, 50 mM Tris-HCl (pH 7.6) and 1% sodium dodecyl
sulfate (SDS) at 42°C for 1 h, and hybridized in the same
solution with biotinylated oligodeoxynucleotide probes
synthesized from sequences between the specific individ-
ual primers of c-fos or c-jun at 65°C overnight. Specific
bands hybridized with biotinylated probes were detected
with Plex Luminescent Kits (Millipore Corp.) on the
membranes after exposure to X-ray films at room tempera-
ture for 10 min. The quantification of Southern blots was
carried out with a Bio image analyzer (Millipore Corp.).
The intensity of specific bands was standardized with
respect to that of GAPDH mRNA.
Immunohistochemical expression of c-fos and c-jun
proteins  After having been fixed in 10% formalin, a half
of the uterine corpus was processed for conventional stain-
ing. Briefly, the avidin-biotin-peroxidase complex was
applied to the sections using a Vectastain kit (Vector, Bur-
lingame, CA). The primary antibodies against the c-fos and

Fig. 1. Experimental design. : MNU solution at a dose of 1 mg/100 g body weight was injected into the left uterine tube, and normal
saline into the right.
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c-jun proteins (anti-rabbit polyclonal, Oncogene Science,
Inc., New York, NY) were used at 1:100 dilution. Staining
intensity was assigned as follows: +, positive; +/−, mini-
mally or randomly positive; −, negative.
Experimental protocol for assay of long-term effects of
Gl radix  A total number of 98 female ICR mice, 10
weeks of age, underwent laparotomy under general anes-
thesia with diethyl ether. MNU solution (total volume: 0.1
ml) at a dose of 1 mg/100 g body weight was injected into
the left uterine tube and normal saline into the right. One
week after the MNU exposure, the animals were divided
into the following four experimental groups. Group 1 (20

mice), diet with 0.625% Gl radix and 5 ppm E2; group 2
(30 mice), diet with 5 ppm E2; group 3 (18 mice), diet
with 0.625% Gl radix; group 4 (30 mice), basal diet. In 30
weeks after the MNU exposure, all animals were killed
and autopsied. All major organs, especially the reproduc-
tive organs, were grossly inspected. The uterus, ovaries,
vagina and other lesions suspected of being neoplastic and
hyperplastic were submitted to histological examination.
Tissues were sectioned in 3 µm thickness and stained with
hematoxylin and eosin.
Histology of the uterine lesions  According to the WHO
criteria,21) uterine endometrial lesions were divided into
four lesions: a) endometrial hyperplasia, simple; b) endo-
metrial hyperplasia, complex; c) atypical endometrial
hyperplasia; d) adenocarcinoma.
Statistical analysis  Statistical analysis was done by using
the χ2 test or Student’s t test.Amplified DNA size

GAPDH( 995 bp )

c - fos ( 376  bp )

c - jun ( 280  bp )

E2+Gl
radix

E2

( 5 ppm )
Control

Fig. 2. Expressions of c-fos and c-jun mRNA in the uterus of
ovariectomized mice treated continuously for two weeks with E2

alone and Gl radix plus E2 in the diet. E2, estradiol-17β; Gl radix,
Glycyrrhizae radix. ∗  P<0.01, ∗∗  P<0.05.

Fig. 3. A. The expression of c-fos in the uterus of a mouse
orally given E2. The expression was most prominent in the glan-
dular cells (sABC stain, ×340). B. The expression of c-fos in the
uterus of a mouse orally given E2 plus Gl radix. The expression
was weaker than that in the case of E2 alone (sABC stain, ×340).
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RESULTS

Short-term experiment  The mean wet weights of the
bilateral uterine corpora were as follow: E2 alone (n=6),
0.14±0.03 g; E2 plus Gl radix (n=6), 0.13±0.02 g; no
treatment (n=6), 0.06±0.03 g. No significant differences
were found between mice with E2 alone and E2 plus Gl
radix. Expression levels of c-fos and c-jun mRNA are
shown in Fig. 2. Gl radix significantly decreased the c-fos
level induced by E2-diet (P<0.01). Gl radix also tended to
decrease the c-jun mRNA level induced by E2-diet.

Histologically, endometrial glands in mice treated with
E2 resembled complex endometrial hyperplasia. Gl radix
treatment tended to decrease hyperplastic glandular and
luminal cells (Fig. 3, A and B).

Immunohistochemical expression of c-fos and c-jun
oncoproteins is summarized in Table I. The expression of
c-fos and c-jun oncoproteins was prominent in the glan-
dular cells in the groups treated with E2, but this was
decreased by the treatment with E2 and Gl radix.
Long-term experiment  Three mice in group 1, six in

group 2, three in group 3, and  four in group 4 died within
15 weeks, though no pathological abnormalities other than
pneumonia were found. The remaining animals survived
until the termination of the experiment and were enrolled
as effective animals (Table II). No significant difference in
mean body weights was found among the four groups. The
mean wet weight of the left uterine corpus in Gl radix-
treated groups 1 and 3 was significantly smaller than that
of non-treated groups 2 and 4, respectively (P<0.01).

Histological examinations revealed adenocarcinomas in
the bilateral uterine corpora in the groups treated with
MNU. Histological appearance of endometrial adenocarci-
noma and hyperplasia in the present study was the same as
that described in our previous reports.12) All adenocarci-
nomas observed in the endometria were well or moder-
ately differentiated. The incidence of preneoplastic and
neoplastic lesions of the endometria is summarized in Fig.
4. The incidence of atypical hyperplasia and adenocarci-
noma of the treated side of the uterine corpus in group 1
(treated with E2 plus Gl radix) was significantly smaller
than that in group 2 (treated with E2, P<0.01). The inci-

Table I. Immunohistochemical Assay of Expression of c-fos and c-jun in Mouse Uterus 
after Two Weeks’ Feeding of Diet with E2 or E2 Plus Gl radix Extract

Treatment
c-fos c-jun

Glandular 
cells

Luminal 
cells

Stromal 
cells

Glandular 
cells

Luminal 
cells

Stromal 
cells

Group 1
(E2 + Gl radix)

+/− +/− +/− +/− +/− +/−

Group 2
(E2 alone)

+ +/− +/− + +/− +/−

Group 3
(no treatment)

+/− − − +/− − −

+, positive; +/−, minimally or randomly positive; −, negative.

Table II. Mean Body Weight, and Mean Weight of Left (Treated) and Right Uterine Corpora of Mice in Each Group

Group (treatment)
Initial 

number of 
animals

Effective 
number of 
animalsa)

Body weight (g)
Wet weight of uterine corpora (g)

Left Right

Group 1
(MNU/saline + Gl radix + E2)

20 17 45.2±5.2b) 0.30±0.12* 0.21±0.10**

Group 2
(MNU/saline + E2)

30 24 42.8±5.0 0.71±0.25 0.35±0.16

Group 3
(MNU/saline + Gl radix)

18 15 47.2±6.0 0.28±0.20** 0.20±0.09

Group 4
(MNU/saline alone)

30 26 48.0±5.9 0.47±0.33 0.33±0.20

a) Animals that survived more than 15 weeks.
b) Mean±SD.
∗  P<0.001, ∗∗  P<0.05 compared with each control group.
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dence of simple endometrial hyperplasia of the treated side
of the uterine corpus in group 1 was significantly smaller
than that in group 2 (P<0.05). In the right (control) uterine
corpus, the incidence of complex endometrial hyperplasia
in group 1 was significantly smaller than that in group 2
(P<0.01), yet Gl radix tended to decrease other endome-
trial preneoplastic lesions and adenocarcinoma in group 3
(treated with Gl radix).

Pathological examinations of ovary, oviduct and vagina
were also done to investigate the hormonal conditions in
each group. Cystic ovaries were commonly seen in mice
treated with E2 (group 1, 53%, P<0.05; group 2, 55%,
P<0.05; group 3, 36%; group 4, 16%; each in left ovary).
Corpora lutea were frequently observed in mice of each
group (group 1, 94%; group 2, 95%; group 3, 93%; group
4, 93%; each in left ovary). No tumors were present in any
of the groups. Marked epithelial hyperplasia of the ovi-
duct, diagnosed as “progressive proliferative lesion,”22)

was commonly observed in mice of groups 1 (88%), 2
(100%) and 3 (93%), compared with group 4 (12%,
P<0.001). Papillary lesions14) were sometimes seen in the
vagina of groups 1 (12%), 2 (13%), 3 (13%) and 4 (8%).

DISCUSSION

Gl radix treatment decreased expression of estrogen-
induced c-fos/jun mRNA and the corresponding oncopro-
teins in the uterine corpora of castrated mice. Furthermore,
Gl radix decreased the uterine weight overgrowth induced
by estrogen in the long-term experiment, although such a
decrease of overgrowth was not seen in the short-term
experiment. These results suggest that Gl radix has anti-
estrogenic effects at the dose used in the present study, and
the administration term of Gl radix for 2 weeks seems to
be too short to affect the uterotropic effects, such as uter-
ine weight, in the short-term experiment.

In the present study, the effects of Gl radix on other
tissues of the reproductive tract were examined. In all
groups, corpora lutea were frequently seen in the ovaries,
in contrast to the ovaries lacking corpora lutea found after
treatment with tamoxifen in our previous study.14) Estro-
genic effects of Gl radix could not be found at the dose
used in this study.

In the present study, inhibitory effects of Gl radix on
endometrial carcinogenesis were seen in the bilateral uter-

Fig. 4. Incidence of preneoplastic and neoplastic mouse endometrial lesions in each group. EH, simple: simple endometrial hyperpla-
sia. EH, complex: complex endometrial hyperplasia. AtH: atypical endometrial hyperplasia. ADC: adenocarcinoma. ∗  P<0.05, ∗∗
P<0.01.
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ine corpora, especially of the E2-treated mice. GL is
reported to possess inhibitory effects on skin carcinogene-
sis in mice.7, 8) The mechanism of anti-tumor activity
might involve components of GL acting as inhibitors of
carcinogen metabolism and DNA adduct formation.8) The
present study clarified the inhibitory effects of Gl radix on
endometrial carcinogenesis induced by MNU in mice with
estrogen-dominance, and the inhibition of estrogen-
induced c-fos and c-jun expression in mouse uterus. Gl
radix is known to contain triterpenoids such as GL and
flavones such as formononetin.1) GL has a steroid structure
resembling those of glucocorticoid and mineralcorticoid,
which bind to the cognate receptor23) to exert their biologi-
cal effects.2, 24) It exhibits anti-estrogenic actions.3) GL
binds minimally to sex hormone-binding globulin (SHBG)
and estrogen receptor.23) In the presence of GL, estrogen
bound to SHBG can be displaced and quickly metabo-
lized, whereas GL binding to estrogen receptor blocks the
estrogenic effect.

Flavones, and especially isoflavones such as formono-
netin, are classified as phytoestrogens.25) Genistein, a
metabolite of formononetin, is reported to exert anti-estro-

genic effects and to inhibit cell proliferation by modula-
tion of estrogen receptor binding and estrogen-regulated
effects.26) Isoflavones exhibit anti-carcinogenic activity
in vivo27) and reduce the proliferation of cells, including
those in estrogen-sensitive breast cancer cell lines, and
other tumors.28) There is evidence that isoflavones exhibit
anti-carcinogenic activity in vitro, and inhibit angiogene-
sis29) and cell cycle progression,30) as well as aromatase
activity.31)

In summary, we suggest that Gl radix, most likely its
phytoestrogenic components, exerts anti-tumorigenic
effects via estrogen-related action(s), and Gl radix is thus
a promising agent for prevention of human endometrial
cancer.

ACKNOWLEDGMENTS

This work was supported in part by a Grant-in-Aid from the
Ministry of Education, Science, Sports and Culture of Japan.

(Received February 24, 1999/Revised April 13, 1999/2nd
Revised April 27, 1999/Accepted May 1, 1999)

REFERENCES

1) Yamada, M. and Tei, S.  Glycyrrhizae radix. In “Herbal
Medicine Handbook,” ed. M. Yamada and S. Tei, pp. 36–
39 (1984). Tsumura, Tokyo (in Japanese).

2) Molhuysan, J. A., Gerbrandy, J., DeVeries, L. A., Dejong,
J. C., Lenstra, J. B., Turner, K. P. and Borst, J. G. G.  A lic-
orice extract with deoxycortone-like action.  Lancet, 259,
381–386 (1950).

3) Kumagai, A., Yano, S., Otomo, M. and Takeuchi, K.  Study
on the corticoid-like action on glycyrrhizin and the mecha-
nism of its action.  Endocrinol. Jpn., 4, 17–27 (1957).

4) Kumagai, A., Nishino, K., Shimomura, A., Kin, T. and
Yamamura, Y.  Effect of glycyrrhizin on estrogen action.
Endocrinol. Jpn., 14, 34–38 (1967).

5) Atherden, L. M.  Studies with glycyrrhetic acid: inhibition
of metabolism of steroids in vitro.  Biochem. J., 69, 75–78
(1958).

6) Niwa, K., Morishita, S., Murase, T., Itoh, N., Tanaka, T.,
Mori, H. and Tamaya, T.  Inhibitory effects of medrox-
yprogesterone acetate on mouse endometrial carcinogenesis.
Jpn. J. Cancer Res., 86, 724–729 (1995).

7) Nishino, H., Yoshioka, K., Iwashima, A., Takizawa, H.,
Konishi, S., Okamoto, H., Okabe, H., Shibata, S., Fujiki, H.
and Sugimura, T.  Glycyrrhetic acid inhibits tumor-promot-
ing activity of teleocidin and 12-O-tetradecanoylphorbol-
13-acetate in two stage mouse skin carcinogenesis.  Jpn. J.
Cancer Res., 77, 33–38 (1986).

8) Agarwal, R., Wang, Z. Y. and Mukhtar, H.  Inhibition of
mouse skin tumor-initiating activity of DMBA by chronic
oral feeding of glycyrrhzin in drinking water.  Nutr. Can-
cer, 15, 187–193 (1991).

9) Adamson, E. D.  Oncogenes in development.  Development,
99, 449–471 (1987).

10) Weitz, A. and Bresciani, F.  Estrogen induces expression of
c-fos and c-myc protooncogenes in the rat uterus.  Mol.
Endocrionol., 2, 816–824 (1988).

11) Weitz, A., Cicatiello, L., Persiot, E., Scalona, M. and
Bresciani, F.  Estrogen stimulation of transcription of c-jun
protooncogene.  Mol. Endocrionol., 4, 1031–1050 (1990).

12) Niwa, K., Murase, T., Furui, T., Morishita, S., Mori, H.,
Tanaka, T., Mori, H. and Tamaya, T.  Enhancing effects of
estrogens on endometrial carcinogenesis initiated by N-
methyl-N-nitrosourea in ICR mice.  Jpn. J. Cancer Res., 84,
951–955 (1993).

13) Morishita, S., Niwa, K., Ichigo, S., Hori, M., Murase, T.
Fujimoto, J. and Tamaya, T.  Overexpressions of c-fos/jun
mRNA and their oncoproteins (Fos/Jun) in the mouse
uterus treated with three natural estrogens.  Cancer Lett.,
97, 225–231 (1995).

14) Niwa, K., Morishita, S., Hashimoto, M., Itoh, T., Fujimoto,
J., Mori, H. and Tamaya, T.  Effects of tamoxifen on endo-
metrial carcinogenesis in mice.  Jpn. J. Cancer Res., 89,
502–509 (1998).

15) Hou, X., Li, J. J., Chen, W. and Li, S. A.  Estrogen-induced
proto-oncogene and suppressor gene expression in the ham-
ster kidney: significance for estrogen carcinogenesis.  Can-
cer Res., 56, 2616–2620 (1996).

16) Yokoyama, Y., Sagara, M., Sato, S. and Saito, Y.  Value of
glutathione S-transferase pi and the oncogene products c-
Jun, c-Fos, c-H-ras, and c-Myc as a prognostic indicator in
endometrial carcinomas.  Gynecol. Oncol., 68, 280–287

query?uid=6072411&form=6&db=m&Dopt=b     
query?uid=7559094&form=6&db=m&Dopt=b     
query?uid=3007414&form=6&db=m&Dopt=b     
query?uid=1907733&form=6&db=m&Dopt=b     
query?uid=2822372&form=6&db=m&Dopt=b     
query?uid=8407561&form=6&db=m&Dopt=b     
query?uid=7497467&form=6&db=m&Dopt=b     
query?uid=9685853&form=6&db=m&Dopt=b     
query?uid=8653706&form=6&db=m&Dopt=b     
query?uid=9570981&form=6&db=m&Dopt=b     


Jpn. J. Cancer Res. 90, July 1999

732

(1998).
17) Chomczynski, P. and Sacchi, N.  Single-step method of

RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction.  Anal. Biochem., 162, 156–159
(1987).

18) van Beveren, C., van Straaten, F., Curran, T., Müller, R.
and Verma, I. M.  Analysis of FBJ-MuSV provirus and c-
fos (mouse) gene reveals that viral and cellular fos gene
products have different carboxy termini.  Cell, 32, 1241–
1255 (1983).

19) Lamph, W. W., Wamsley, P., Sassone-Corsi, P. and Verma,
I. M.  Induction of protooncogene jun/AP-1 by serum and
TPA.  Nature, 334, 629–631 (1988).

20) Sabath, D., Broome, H. E. and Prystowsky, M. B.  mRNA
is a  major interleukin 2-induced transcript in a cloned T-
helper lymphocyte.  Gene, 91, 185–191 (1990).

21) Silverberg, S. G.  Uterine corpus. Epithelial tumours and
related lesions. In “Histological Typing of Female Genital
Tract Tumours,” 2nd Ed., ed. R. E. Scully, T. A. Bonfiglio,
R. J. Kurman, S. G. Silverberg and E. L. Wilkinson, pp.
13–18 (1994). WHO, Geneva.

22) Newbold, R. R., Jefferson, W. N., Padilla-Burgos, E. and
Bullock, B. C.  Uterine carcinomas in mice treated neona-
tally with Tamoxifen.  Carcinogenesis, 18, 2293–2298
(1997).

23) Tamaya, T., Sato, S. and Okada, H.  Possible mechanism of
steroid action of plant herb extracts glycyrrhizin, glycyrrhe-
tinic acid, and paeoniflorin: inhibition by plant herb extracts
of steroid protein binding in the rabbit.  Am. J. Obstet.

Gynecol., 155, 1134–1139 (1986).
24) Finney, R. S. H. and Tárnoky, A. L.  The pharmacological

properties of glycyrrhitinic acid hydrogen succinate (diso-
dium salt).  J. Pharm. Pharmacol., 12, 49–58 (1960).

25) Price, K. R. and Fenwick, G. R.  Naturally occurring oestro-
gens in foods—a review.  Food Addit. Contam., 2, 73–106
(1985).

26) Zava, D. T. and Duwe, G.  Estrogenic and antiproliferation
properties and other flavonoids in human breast cancer cells
in vivo.  Nutr. Cancer, 27, 31–40 (1997).

27) Messina, M.  Soy intake and cancer risk: a review of the in
vitro and in vivo data.  Nutr. Cancer, 21, 113–131 (1994).

28) Cline, J. M., Obasanjo, I. O., Paschold, J. C. and Anthony,
M. S.  Effects of hormonal therapies and dietary soy phy-
toestogen on vaginal cytology in surgically postmenopausal
macaques.  Fertil. Steril., 65, 1031–1035 (1996).

29) Fotsis, T., Pepper, M. and Adlercreutz, H.  Genistein, a
dietary derived inhibitor of in vitro angiogenesis.  Proc.
Natl. Acad. Sci. USA, 90, 2690–2694 (1993).

30) Traganos, F., Ardelt, B., Halko, N., Bruno, S. and Darzyn-
kiewicz, Z.  Effects of genistein on the growth and cell
cycle progression of normal human lymphocytes and human
leukemic MOLT-4 and HL-60 cells.  Cancer Res., 52,
6200–6208 (1992).

31) Adlercreutz, H., Bannwart, C. and Wahala, K. T.  Inhibition
of human aromatase by mammalian lignans and isofla-
vonoid phytoestrogens.  J. Steroid Biochem. Mol. Biol., 44,
147–153 (1993).

query?uid=9570981&form=6&db=m&Dopt=b     
query?uid=2440339&form=6&db=m&Dopt=b     
query?uid=6301687&form=6&db=m&Dopt=b     
query?uid=2457172&form=6&db=m&Dopt=b     
query?uid=2145197&form=6&db=m&Dopt=b     
query?uid=9450472&form=6&db=m&Dopt=b     
query?uid=3777061&form=6&db=m&Dopt=b     
query?uid=3777061&form=6&db=m&Dopt=b     
query?uid=4018320&form=6&db=m&Dopt=b     
query?uid=8970179&form=6&db=m&Dopt=b     
query?uid=8058523&form=6&db=m&Dopt=b     
query?uid=8612830&form=6&db=m&Dopt=b     
query?uid=7681986&form=6&db=m&Dopt=b     
query?uid=1330289&form=6&db=m&Dopt=b     
query?uid=8382517&form=6&db=m&Dopt=b     

