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Abstract

Post-menopausal women have higher incidence of heart diseases compared to pre-menopausal women, suggesting a protective role for
estrogen. The recently Women’s Health Initiative (WHI) randomized controlled trial concluded that the overall heart risk exceeded benefits
from use of combined estrogen and progestin as hormone replacement therapy for an average of five years among healthy postmenopausal
US women. Therefore, there is an urgent need for new agents with tissue-selective activity with no deleterious effects. In the present study,
we tested the effects on vascular tissues in vitro and in vivo of two natural compounds derived from licorice root: glabridin, the major
isoflavan, and glabrene, an isoflavene, both demonstrated estrogen-like activities. Similar to estradiol-17� (E2), glabridin (gla) stimulated
DNA synthesis in human endothelial cells (ECV-304; E304) and had a bi-phasic effect on proliferation of human vascular smooth muscle
cells (VSMC). Raloxifene inhibited gla as well as E2 activities. In animal studies, both intact females or after ovariectomy, gla similar to E2
stimulated the specific activity of creatine kinase (CK) in aorta (Ao) and in left ventricle of the heart (Lv). Glabrene (glb), on the other hand,
had only the stimulatory effect on DNA synthesis in vascular cells, with no inhibition by raloxifene, suggesting a different mechanism of
action. To further elucidate the mechanism of action of glb, cells were pre-incubated with glb and then exposed to either E2 or to gla; the
DNA stimulation at low doses was unchanged but there was abolishment of the inhibition of VSMC cell proliferation at high doses as well
as inhibition of CK stimulation by both E2 and by gla. We conclude that glb behaved differently than E2 or gla, but similarly to raloxifene,
being a partial agonist/antagonist of E2. Glabridin, on the other hand, demonstrated only estrogenic activity. Therefore, we suggest the use
of glb with or without E2 as a new agent for modulation of vascular injury and atherogenesis for the prevention of cardiovascular diseases
in post-menopausal women.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

The organic extract of licorice roots, which shows
low binding affinity to estradiol receptors (ER)[1], is
known to contain isoflavans, isoflavene, chalcones (Fig. 1)
such as glabridin, glabrol, glabrene, 3-hydroxyglabrol,
4′-O-methylglabridin (4′-OMeG), Phaseollinisoflavan, his-
paglabridin A (hisp A), hispaglabridin B (hisp B), iso-
prenylchalcone derivative (IPC), formononetin, and isoliq-
uitireginin chalcone (ILC)[2]. The licorice root is one of
the richest sources of a unique subclass of the flavonoid
family, the isoflavans[2]. Recently, we have demonstrated
that glabridin (gla), which is the major compound of
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this class, and glabrene (glb), an isoflavene, have diverse
estrogen-like activities[3,4]. The similarity of gla structure
and lipophilicity to that of estradiol 17� (E2) encourage us
to investigate the isoflavans subclass as possible candidates
for estrogen mimetic. Several features are common to the
structures of gla and E2 (Fig. 1); both have an aromatic
ring substituted with hydroxyl group at 4 (gla) or 3 posi-
tion (E2), with additional three fused rings of phenanthrene
shape. Both molecules are relatively lipophilic, containing
a second hydroxyl group, although not at the same position
(17� in E2 and 2′ in gla).

Estrogen was reported to reduce the risk of cardiovascu-
lar disease[5–7]. The incidence of heart diseases among
pre-menopausal women is low compared with males,
whereas among post-menopausal women, incidence ap-
proaches that of males. This protective effect of estrogen
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Fig. 1. The structure of phytoestrogens from licorice roots and estradiol
17� (E2).

may partially result from its effect on decreasing the ratio
between LDL and HDL [8]. Administration of estrogen
to postmenopausal women decreases the incident of heart
diseases [9]. Recently, the principle results from Women’s
Health Initiative (WHI) randomized controlled trial were
published concluding that overall heath risk exceeded ben-
efits from use of combined estrogen and progestin for an
average of five years among healthy postmenopausal US
women. The increased risk means that in 10,000 women
taking the drug for a year, there will be seven more coronary
heart disease events, eight more invasive breast cancer, eight
more strokes and eight more pulmonary emboli, but six
fewer colorectal cancers and five fewer hip fractures [10].
These reports support the urgent need for new agents with
no deleterious effects, which can replace the conventional
hormone replacement therapy (HRT) treatments.

Animal and human studies indicate that estrogens are also
protective against coronary atherosclerosis [5]. Because en-
dothelial and vascular smooth muscle cells are involved in
vascular injury and atherogenesis, the potential modulation
of such processes by estrogen and estrogen-like compounds,
such as glabridin and glabrene, is of obvious interest. In the
present study, the effects of these compounds on the vascu-
lar system was tested in vitro and in vivo. The stimulation
of creatine kinase (CK) specific activity in the left ventricle
of the heart and in aorta, as well as CK activity and cell pro-
liferation in human cultured vascular cells were measured.
CK activity is known to be induced by estrogens in vivo and
in vitro [11,12], and therefore can be used as an estrogen re-
ceptor (ER) response marker. In the present study, we found
that both in vivo and in vitro glabridin was similar in its bi-
ological activity to estradiol E2 whereas, glabrene behaved
differently. Moreover, glabrene also had characteristics of a
phyto-SERM by having partial agonistic/antagonistic effects
such as inhibiting the activity of E2. We therefore suggest
that these licorice root-derived products can be used with or

without estradiol as a new regime for hormone replacement
therapy (HRT).

2. Materials and methods

2.1. Reagents

All reagents were of analytical grade. Chemicals were pur-
chased from Sigma (St. Louis, MO). Glabridin and glabrene
were isolated from licorice roots [2]; Raloxifene (Evista®)
was extracted from commercially available tablets.

2.2. Cell cultures

(a) Vascular smooth muscle cells (VSMC) containing both
estrogen receptors � and � (14) were prepared from human
umbilical artery, as previously described with minor modifi-
cations [13,14]. Cells were used only at passages 1–3 when
expression of smooth muscle actin was clearly demonstra-
ble.

(b) ECV-304 (E304), an endothelial cell line derived from
a human umbilical vein containing both estrogen receptors �
and � (14), was purchased from American Type Culture Col-
lection (ATCC), Manassas, VA, USA and grown in medium
199 containing 10% FCS, glutamine and antibiotics.

2.3. Assessment of DNA synthesis

Cells were grown until subconfluence and then treated
with various hormones or agents as indicated. Twenty-two
hours following the exposure to these agents, [3H] thymidine
was added for 2 h. Cells were then treated with 10% ice-cold
trichloroacetic acid (TCA) for 5 min and washed twice with
5% TCA and then with cold ethanol. The cellular layer was
dissolved in 0.3 ml of 0.3N NaOH, samples were aspirated
and [3H] thymidine incorporation into DNA was determined
[13–15].

2.4. Creatine kinase extraction and assay

Cells were treated for 4 h with the various agents as spec-
ified, scraped off and homogenized by freezing and thawing
three times in an extraction buffer as previously described
[13–15]. Supernatant extracts were obtained by centrifuga-
tion of homogenates at 14,000 × g for 5 min at 4 ◦C in an Ep-
pendorf micro centrifuge. Creatine kinase activity (CK) was
assayed by a coupled spectrophotometric assay described
previously [13–15]. Protein was determined by Coomasie
blue dye binding using bovine serum albumin (BSA) as the
standard.

2.5. Animals

Immature female Wistar rats (25-day-old) were used as
intact or two weeks post ovariectomy. The rats were housed
in air-conditioned quarters with light from 5 to 19 h and
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exposed to food and water ad libidum. All experiments were
carried out according to the regulations of the Committee
on Experimental Animals of the Tel-Aviv Sourasky Medical
Center.

2.6. Creatine kinase extraction and assay

Changes in the specific activity of CK in aorta (Ao) and
in left ventricle of the heart (Lv), induced by a single in-
traperitoneal injection (i.p.) of E2, gla or glb, were assayed
in ovariectomized female rats, two weeks after surgery or in
25-day-old immature female rats (n = 5 per group for each
experiment). Matched control rats (n= 5) were injected with
vehicle: 0.05% ethanol in phosphate-buffer saline. E2 was
injected at 5 �g for immature and 10 �g for ovariectomized
female rats [12,16]. Rats were sacrificed 24 h after the in-
jection. In multiple applications, rats were fed directly into
the stomach daily for four days at the indicated doses. The
organs examined were removed and stored at −20 ◦C until
processed for assay of CK as described previously [12,16].

2.7. Statistical analysis

Differences between the mean values of experimental and
the control groups were evaluated by analysis of variance
(ANOVA).

3. Results

3.1. The effect of glabridin and glabrene on DNA synthesis
in VSMC and E304 cells

When cells were incubated with increasing concentrations
of gla or glb and DNA synthesis was measured, the follow-
ing results were obtained. In VSMC, gla and glb at low con-
centrations stimulated DNA synthesis but at high concen-
trations only gla had a significant inhibitory effect. In E304
cells the dose-dependent stimulation of DNA synthesis was
observed with both compounds (Fig. 2). The same biphasic
effect was demonstrated using gla and glb on estrogen recep-
tor (ER)-positive breast cancer cells [3,4] and was reported
[17] for genistein. Neither E2 nor tamoxifen reversed the
anti-proliferative effect, which support the hypothesis that
the activities of phytoestrogens are mediated not only via
the ER as E2 agonists but also at higher concentrations they
act via other ER-independent cellular mechanisms, leading
to inhibition of cell proliferation [17].

3.2. The effect of glabridin and glabrene on creatine
kinase specific activity in VSMC and E304 cells

When cells were incubated with increasing concentrations
of either gla or glb, there was a dose-dependent stimulation
of CK specific activity in VSMC and in E304 cells by both
agents (Fig. 3).

Fig. 2. The effect of glabridin (gla) and glabrene (glb) at 0.3–3000 nM
on 3[H] thymidine incorporation, in VSMC and in E304 cells. Cells were
prepared, grown and hormonally treated and analyzed as described in the
experimental section. Results are means ± S.E.M. of 4–12 incubates from
2–4 experiments and is expressed as the ratio between 3[H] thymidine
incorporation in hormone- and vehicle-treated (control) cells. ∗P < 0.05;
∗∗P < 0.01; ∗∗∗P < 0.001 for the comparison with control values.
The statistical analysis was done by ANOVA. The basal levels of 3[H]
thymidine incorporation into DNA in VSMC and in E304 cells were 7200
± 1080 and 94,100 ± 12,233 dpm/well, respectively.

3.3. Inhibition by raloxifene of the DNA synthesis and
creatine kinase specific activity stimulated by glabridin or
by glabrene in VSMC cells

When VSMC cells were incubated with gla or glb (30 or
3000 nM), alone or in the presence of raloxifene, a known

Fig. 3. The effect of glabridin (gla) and glabrene (glb) at 0.3–3000 nM
on creatine kinase (CK) specific activity, in VSMC and in E304 cells.
Cells were prepared, grown and hormonally treated and analyzed as
described in the experimental section. Results are means ± S.E.M. of 4–12
incubates from 2–4 experiments and is expressed as the ratio between
enzyme activity in hormone- and vehicle-treated (control) cells. ∗P <

0.05; ∗∗P < 0.01 for the comparison with control values. The statistical
analysis was done by ANOVA. The basal levels of creatine kinase specific
activity in VSMC and in E304 cells were 0.050 ± 0.001 and 0.116 ±
0.017 �mols/min/mg protein, respectively.
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Fig. 4. Effects of raloxifene (Ral) (30 and 3000 nM) on the effects of
E2 (0.3 and 30 nM) and glabridin (GLA) (30 and 3000 nM) or glabrene
(GLB) (30 and 3000 nM) on 3[H] thymidine incorporation and on creatine
kinase specific activity in VSMC cells. Cells were prepared, grown and
hormonally treated and analyzed as described in the experimental section.
Cells were incubated with either the hormones alone: E2 or GLA or GLB
at the two concentrations or together with 100× excess of Ral (30 nM
with the low concentrations and 3000 nM with the high concentrations).
Results are means ± S.E.M. of 4–12 incubates from 2–4 experiments and
is expressed as the ratio between 3[H] thymidine incorporation or as the
ratio between enzyme activity in hormone- and vehicle-treated (control)
cells. ∗P < 0.05; ∗∗P < 0.01 for the comparison with control values. The
statistical analysis was done by ANOVA. Basal levels are the same as in
legends to Fig. 1 and Fig. 2.

estrogen antagonist (RAL at 30 or 3000 nM), the stimulatory
effects of E2 and GLA on CK were inhibited completely by
Ral, but the stimulation of CK by GLB, was not inhibited
by Ral (Fig. 4). Raloxifene had no effect on DNA synthe-
sis changes induced by gla, but inhibited the effects of glb
(Fig. 4), suggesting that glb may act via an ER-independent
mechanism.

3.4. Inhibition by raloxifene of the DNA synthesis and
creatine kinase specific activity stimulated by glabridin or
by glabrene in E304 cells

When E304 cells were incubated with gla or glb
(3000 nM), alone or together with raloxifene (Ral 3000 nM),
raloxifene blocked partially the stimulatory activity of gla
on DNA synthesis and blocked only slightly the stimulation
of DNA by glb (Fig. 5). On the other hand, the stimulatory
effect of gla on CK was inhibited completely by RAL, but
the stimulation of CK by glb, was not (Fig. 5).

3.5. The effect of pretreatment with glabrene on the acute
hormonal modulations of DNA synthesis in VSMC and
E304 cells

When cells were pre-incubated for three days by daily
treatment with 300 nM glb and then treated for 24 h with

Fig. 5. Effects of raloxifene (Ral) (3000 nM) on the effects of E2 (30 nM)
and glabridin (GLA) (3000 nM) or glabrene (GLB) (3000 nM) on 3[H]
thymidine incorporation and on creatine kinase specific activity in E304
cells. Cells were prepared, grown and hormonally treated and analyzed
as described in the experimental section. Results are means ± S.E.M.
of 4–12 incubates from 2–4 experiments and is expressed as the ratio
between 3[H] thymidine incorporation or as the ratio between enzyme
activity in hormone- and vehicle-treated (control) cells. ∗P < 0.05; ∗∗P <

0.01; ∗∗∗P < 0.001 for the comparison with control values. The statistical
analysis was done by ANOVA. Basal levels are the same as in legends
to Fig. 1 and Fig. 2.

either E2 (30 nM) or with gla or glb (3000 nM) and DNA
synthesis was determined, in VSMC, there was a complete
reversal of the inhibition of DNA (Fig. 6) by E2 and gla, and
a slight increase in the stimulation by glb. In E304 cells, no
significant changes were observed (Fig. 6).

3.6. The effect of pretreatment with glabrene on the acute
hormonal modulations on creatine kinase specific activity
in VSMC and E304 cells

When cells were pre-incubated for three days by daily
treatment with 300 nM glb and then treated for 4 h with ei-
ther E2 (30 nM) with gla or glb (3000 nM) and CK was de-
termined, there was up-regulation of the stimulation of CK
activity by glb but no change in the response to E2 and
to gla in VSMC (Fig. 7). On the other hand the response
to E2 and gla was completely blocked, and no significant
effects of the response to glb in E304 cells (Fig. 7), sug-
gesting that glb acts as antagonist to E2 and gla in these
cells.

3.7. The effect of pretreatment with non-hypercalcemic
Vitamin D analog CB1093 on the acute hormonal
modulations on DNA synthesis in VSMC and E304 cells

When VSMC cells were pre-treated for three days by
daily addition of 1 nM CB1093 (CB), a non-hypercalcemic
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Fig. 6. Effects of pretreatment with daily additions for three days with
glabrene (GLB 300 nM) on the effects of E2 (0.3 and 30 nM) and glabridin
(gla) (3000 nM) or glabrene (glb) (3000 nM) on 3[H] thymidine incorpo-
ration in VSMC and on the effects of E2 (30 nM) and glabridin (GLA)
(3000 nM) or glabrene (GLB) (3000 nM) on 3[H] thymidine incorpora-
tion in E304 cells. Cells were prepared, grown and hormonally treated
and analyzed as described in the experimental section. Results are means
± S.E.M. of 4–12 incubates from 2–4 experiments of the ratio between
3[H] thymidine incorporation in hormone- and vehicle-treated (control)
cells. ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001 for comparison with control
values, and #P < 0.05; ##P < 0.01 for comparison with control values
of GLB treatment. The statistical analysis was done by ANOVA. Basal
levels are the same as in legends to Fig. 1 and Fig. 2.

Fig. 7. Effects of pretreatment with daily additions for three days with
glabrene (GLB 300 nM) on the effects of E2 (0.3 and 30 nM) and glabridin
(GLA) (3000 nM) or glabrene (GLB) (3000 nM) on creatine kinase specific
activity (CK) in VSMC and on the effects of E2 (30 nM) and glabridin
(gla) (3000 nM) or glabrene (glb) (3000 nM) on creatine kinase (CK)
specific activity in E304 cells. Cells were prepared, grown and hormonally
treated and analyzed as described in the experimental section. Results are
means ± S.E.M. of 4–12 incubates from 2–4 experiments of the ratio
between enzyme activity in hormone- and vehicle-treated (control) cells.
∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001 for comparison with control values,
and #P < 0.05; ##P < 001; ###P < 0.001 for comparison with control
values of GLB treatment. Statistical analysis was done by ANOVA. Basal
levels are the same as in legends to Fig. 1 and Fig. 2.

Fig. 8. Effects of pretreatment with daily additions for three days of
the Vitamin D non-hypercalcemic analog CB1093 (CB at 1 nM) on the
effects of E2 (0.3 and 30 nM) and glabridin (GLA) (30 and 3000 nM) or
glabrene (GLB) (30 and 3000 nM), on 3[H] thymidine incorporation and
on the effects of E2 (30 nM) and glabridin (gla) (3000 nM) or glabrene
(glb) (3000 nM), on creatine kinase (CK) specific activity in VSMC
cells. Cells were prepared, grown and hormonally treated and analyzed
as described in the experimental section. Results are means ± S.E.M.
of 4–12 incubates from 2–4 experiments and are expressed as the ratio
between 3[H] thymidine incorporation and enzyme activity in hormone-
and vehicle-treated (control) cells. ∗P < 0.05; ∗∗P < 0.01; ∗∗∗P < 0.001
for comparison with control values, and #P < 0.05; ##P < 0.01; ###P
< 0.001 for comparison with control values of CB treatment. Statistical
analysis was done by ANOVA. Basal levels are the same as in legends
to Fig. 1 and Fig. 2.

Vitamin D analog which affect ER� and ER� expression,
and then treated for 24 h with either E2 (0.3 or 30 nM), with
gla or glb (30 or 3000 nM), and DNA synthesis was deter-
mined, there was an increase in the stimulation of DNA syn-
thesis by low E2 or low gla, but inhibition of the stimulation
of DNA by low concentration of glb (Fig. 8). On the other
hand, the inhibition of DNA synthesis by high concentra-
tion of either E2 or gla was abolished, while no change with
glb after pretreatment with CB (Fig. 8). The effect of CB
on the DNA response in E304 to E2 or gla was unchanged
while a decreased response was observed with glb on DNA
(Fig. 9).

3.8. The effect of pretreatment with non-hypercalcemic
Vitamin D analog CB1093 on the acute hormonal
modulations on creatine kinase activity in VSMC and E304
cells

When VSMC were pre-incubated for three days by daily
treatment with 1 nM CB 1093 (CB) and then treated for 24 h
with either E2 (30 nM) with gla or glb (3000 nM) and CK
was determined, there was upregulation of the stimulation
of CK by E2 or gla but the response to glb was completely
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Fig. 9. Effects of pretreatment with daily additions for three days with
the Vitamin D non-hypercalcemic analog CB1093 (CB at 1 nM) on the
effects of E2 (30 nM) and glabridin (GLA) (3000 nM) or glabrene (GLB)
(3000 nM) on 3[H] thymidine incorporation and on creatine kinase (CK)
specific activity in E304 cells. Cells were prepared, grown and hormonally
treated and analyzed as described in the experimental section. Results
are means ± S.E.M. of 4–12 incubates from 2–4 experiments and are
expressed as the ratio between 3[H] thymidine incorporation and enzyme
activity in hormone-treated and control cells. ∗P < 0.05; ∗∗P < 0.01;
∗∗∗P < 0.001 for comparison with control values, and ##P < 0.01; ###P
< 0.001 for comparison with control values of CB treatment. Statistical
analysis was done by ANOVA. Basal levels are the same as in legends
to Fig. 1 and Fig. 2.

inhibited (Fig. 8). Similar results were obtained with E304
cells (Fig. 9).

3.9. Stimulation of creatine kinase specific activity by a
single injection of glabridin or glabrene into immature
female rats

Immature female rats, weighing about 60 g, were injected
with increasing concentrations of gla or glb (ranging from 3
to 300 �g/rat). Both compounds were tested for their effects
on the specific activity of CK in rat vascular tissues: left
ventricle of the heart (Lv), which contains vascular smooth
muscle cells, and aorta (Ao), which contains endothelial cells
(Fig. 10). Stimulation of CK by gla or glb in both organs was
maximal at 300 �g, with a significant increase relative to
vehicle-treated controls evident already by 30 �g (Fig. 10).
Both compounds show agonistic behavior.

3.10. Inhibition by raloxifene of creatine kinase specific
activity stimulated by glabridin or glabrene or by estradiol
in immature female rats

Immature rats were injected with gla or glb at the optimal
dosage (300 �g) or with E2 (5 �g), alone or together with

Fig. 10. The effect of glabridin (GLA) and glabrene (GLB) at 2.5–250 �g
on creatine kinase (CK) specific activity in aorta (Ao) and left ventricle
of the heart (Lv) of immature female rats. Extracts were prepared, and
assayed as described in the experimental section. Results are means ±
S.E.M. of n = 9 from three experiments and are expressed as the ratio
between enzyme activity in hormone- and vehicle-treated (control) organs.
∗P < 0.05; ∗∗P < 0.01 for comparison with control values. Statistical
analysis was done by ANOVA. The basal levels of CK in Ao and in
Lv were 0.59 + 0.15 and in Lv 0.91 + 0.29 �mols/min/mg protein,
respectively.

0.5 mg raloxifene (Ral). Raloxifene completely blocked the
stimulatory activity of both gla and E2 on CK in Lv but
only partially in Ao (Fig. 11). On the other hand, RAL in
either Lv or Ao (Fig. 11) did not block the effects of glb,
supporting the in vitro data indicating that glb may act via
ER-independent mechanism.

Fig. 11. The effect of raloxifene (Ral) (3000 nM) on the effects of estradiol
(E2) (5 �g), glabridin (GLA) and glabrene (GLB) at 250 �g on creatine
kinase (CK) specific activity in aorta (Ao) and left ventricle of the heart
(Lv) of immature female rats. Extracts were prepared and assayed as
described in the experimental section. Results are means ± S.E.M. of
n = 9 from three experiments and are expressed as the ratio between
enzyme activity in hormone- and vehicle-treated (control) organs. ∗P <

0.05; ∗∗P < 0.01 for comparison with control values. Statistical analysis
was done by ANOVA. The basal levels of CK in Ao and in Lv were
0.79 + 0.15 and in Lv 0.66 + 0.29 �mols/min/mg protein, respectively.
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Fig. 12. The effect of E2 (0.5–5 �g) or glabridin (GLA) at 2.5–100 �g
administered orally for three days on creatine kinase (CK) specific activ-
ity in aorta (Ao) and left ventricle of the heart (Lv) of immature female
rats. Extracts were prepared, and assayed as described in the experimen-
tal section. Results are means ± S.E.M. of n = 8 from two experiments
and are expressed as the ratio between enzyme activity in hormone- and
vehicle-treated (control) organs. ∗P < 0.05; ∗∗∗P < 0.001 for compari-
son with control values. Statistical analysis was done by ANOVA. The
basal levels of CK in Ao and in Lv were 0.79 + 0.17 and in Lv 0.65
+ 0.29 �mols/min/mg protein, respectively.

3.11. Stimulation of creatine kinase specific activity by
repeated oral administration of glabridin or estradiol in
immature female rats

Daily feeding of gla (at concentrations of 2.5–250 �g/rat/
day) or E2 (0.5–5 �g) for three days stimulated CK spe-
cific activity in Lv and in Ao (Fig. 12). The effects on Ao
were much stronger than in Lv. When the daily feeding with
2.5 �g/day of E2 or 25 �g/day of gla or both was extended
for two weeks, the effects of gla were the same as those of
E2 in Ao, and both were additive (Table 1). In Lv, the ef-
fects were lower than in Ao. In Lv, gla was more effective

Table 1
Stimulation of creatine kinase specific activity by repeated oral adminis-
tration of glabridin, estradiol or both in immature female rats

Aorta Left ventricle of the heart

C 1.00 ± 0.06 1.00 ± 0.11
E2 1.50 ± 0.10∗ 1.37 ± 0.13∗
Gla 1.38 ± 0.10∗ 1.78 ± 0.17∗∗
Gla + E2 2.29 ± 0.13∗∗ 2.08 ± 0.16∗∗

The effect of E2 (0.5 �g) or glabridin (Gla at 25 �g) or both administered
orally for two weeks on creatine kinase (CK) specific activity in aorta (Ao)
and left ventricle of the heart (Lv) of immature female rats. Extracts were
prepared and assayed as described in the experimental section. Results
are means ± S.E.M. of eight incubates from two experiments, expressed
as the ratio between enzyme activity in hormone- and vehicle-treated
(control) organs. ∗P < 0.05; ∗∗P < 0.001 for the comparison with control
values. The statistical analysis was done by ANOVA. The basal levels of
CK in Ao and in Lv were 0.73 + 0.07 and 0.65 + 0.29 �mols/min/mg
protein, respectively.

Table 2
Stimulation of creatine kinase specific activity by glabridin or estradiol
single injection in ovariectomized female rats

Aorta Left ventricle of the heart

C 1.00 ± 0.16 1.00 ± 0.22
E2 2.00 ± 0.19∗∗ 1.59 ± 0.10∗∗
Gla 1.65 ± 0.19∗∗ 1.51 ± 0.16∗∗

Effects of a single injection of E2 (10 �g) or Gla (250 �g) on creatine
kinase (CK) specific activity in aorta (Ao) and in the left ventricle of the
heart (Lv) of ovariectomized female rats. Details for treatment, extraction
and analysis are given in Materials and methods. Results are means ±
S.E.M. of eight assays from two experiments and are expressed as the
ratios between the specific activities of CK in hormone-treated and control
animals. ∗∗P < 0.01. The basal activities of creatine kinase were in Ao
and Lv 0.39 + 0.05 and 1.21 + 0.39 �mols/min/mg protein, respectively.

than E2 and was not significantly different than the mixture
(Table 1).

3.12. Stimulation of creatine kinase specific activity by
glabridin or estradiol single injection in ovariectomized
female rats

Ovariectomized female rats were injected with gla at the
optimal concentration for adult rats (600 �g) or with E2
(10 �g) and the activity of CK in Lv and in Ao were deter-
mined (Table 2). In both organs, the effect of a single in-
jection of gla was similar to that of a single injection of E2
(Table 2).

4. Discussion

Among the licorice constituents isolated and tested, the
most active phytoestrogen in vitro and in vivo is glabridin
(gla) [3,4,18]. Several features are common to the structures
of gla and E2. Both have an aromatic ring substituted with
a hydroxyl group at para (glabridin) or position 3 (estra-
diol), with three additional fused rings of a phenanthrenic
shape. Both are relatively lipophilic, containing a second
hydroxyl group (17� in estradiol and 2′-OH in glabridin).
In the present study, the effects of gla on vascular cells
were found to be similar to that of E2. Glabrene (glb), an
isoflavene from the licorice roots containing double bond in
ring C, although it is known to bind estrogen receptor and to
stimulate growth of ER-positive human breast cancer cells
[4] as other phytoestrogens, had different effects on vascu-
lar cells. The effect of gla in comparison to E2 was studied
on E304 and VSMC, which are both, involved in vascular
injury and atherogenesis processes, modulated by estrogen.
Similar to E2, gla stimulated endothelial DNA synthesis
and had a bi-phasic effect on proliferation of VSMC. Thus,
the inhibition of VSMC proliferation and the induction of
E304 cell proliferation by either E2 or gla are beneficial in
preventing atherosclerosis [13]. To further characterize the
estrogen-like activity of gla on vascular cells, treatment to-
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gether with raloxifene, a known partial agonist/antagonist
of estrogen, had the same inhibitory effects on both agents.
Glabridin also had the same effect on the stimulation of
DNA synthesis in vascular cell as treatment with genistein
containing carboxymethyl ether at position 6 instead of the
hydroxyl group (CG) also showed estrogenic activity in vivo
and in vitro. It shows mixed agonistic/antagonistic activity
on ER�; it blocked both the stimulatory and the inhibitory
effects of E2 on DNA in VSMC. It blocked CK induced by
E2 in both cell types and DNA synthesis in E304. CG be-
haved like raloxifene in rat organs in vivo, and from model-
ing, it binds to ER� and blocks ER� [19]. These similarities
in activity may result from similar mechanism of action, yet
to be tested.

In animals studies gla stimulated CK (an early ‘estrogen-
induced protein’ in vivo and in vitro) which is a known es-
trogen response marker [12] in Ao and in Lv similar to E2,
when either injected to immature or ovariectomized female
rats, or when fed to rats daily for three days. The data sug-
gest that gla has estrogen-like activity in vascular tissues.
Glabrene, on the other hand, has the same effects as gla on
the DNA synthesis in vascular cells tested, but might also
have an additional mechanism of action. In an attempt to
understand glb activities, cells were pre-incubated with glb,
and then exposed to either E2 or gla in VSMC, the DNA
response at low doses was unchanged but there was abol-
ishment of the inhibition of cell proliferation at high doses.
This pretreatment inhibited CK stimulation by E2 and by
gla in both cells. Glabrene showed similar effects to that
of raloxifene on CK activity, which may suggest that glb is
an antagonist to E2 in these processes, namely, like RAL
it has both agonistic and antagonistic effects. Pretreatment
with the Vitamin D analog CB1093 (CB) also blocked the
inhibitory effect on DNA by either E2 or gla in VSMC and
upregulated their stimulatory effects, with no change in the
activity of glb. CB also upregulated CK response to E2 and
gla in these cells and blocked the stimulation by glb. In E304
cells, CB increased the stimulation of both E2 and gla on
DNA synthesis and on CK activity, but blocked both effects
of glb. Thus, glb shows estrogen agonist and antagonist ac-
tivities, which depend on the cell type, and the specific re-
sponse marker tested, therefore, might be considered as a
new SERM. The changes in the responses to gla or glb of
the cells after vitamin D, probably reflects changes in ER�
and ER� as was shown before [14].

Animal and human studies indicate that estrogens are
protective against coronary atherosclerosis [5] and observa-
tional studies reported a reduction in cardiovascular heart
diseases (CHD) of 50% in postmenopausal women receiving
HRT as compared with nonusers [9]. Recently controversies
on cardiovascular risk in HRT treated women were reported
in the Women’s Health Initiative (WHI) trial,which found
no overall reduction in risk of coronary heart disease events
among postmenopausal women with CHD (10). However,
in the hormone group, findings did suggest a higher risk of
CHD events during the first year and a lower risk during

3–5 years. This trial increased the need for alternative hor-
mone replacement therapy to postmenopausal women thus,
the potential of estrogen-like compounds such as isoflavans
to modulate vascular injury and atherogenesis is of obvious
interest.
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