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Abstract: Several 2,3-diarylbenzopyrans have been evaluated in an ovariectomized rat model and found to
exhibit tissue selective estrogen agonist activity on bone and serum lipid parameters. A structural model that
accounts for the pharmacological similarity of these benzopyrans and the benzothiophene SERM, raloxifene,
is proposed. Copyright © 1996 Elsevier Science Ltd

The postmenopausal decline in the level of circulating ovarian steroids has been linked to a number of
pathologies, particularly osteoporosis and coronary artery disease.!-2 Although estrogen replacement therapy
has demonstrated effectiveness in reducing the risks associated with these pathologies, concerns relating to the
increased risk of endometrial3 and breast cancer4 have led to the search for treatment alternatives.

Recently, several laboratories have described molecules which antagonize the effects of estrogen on
uterine and breast tissue, while mimicking the effects of estrogen on bone and the cardiovascular system.5-7
The term Selective Estrogen Receptor Modulator (SERM)® has been coined to describe these agents, and at
least one such compound (raloxifene, 1) is currently in advanced clinical trials for the prevention and
treatment of osteoporosis.?

A structurally distinct series of estrogen receptor modulators containing a benzopyran nucleus (i.e. 2 or
3) have recently been described in the literature.10.11 Some of these compounds, which share a number of
structural features with raloxifene, have been classified as "pure” estrogen antagonists.!2 Herein we describe
the potent tissue-selective agonist effects of these compounds in an ovariectomized (OVX) rat model of post-
menopausal osteoporosis which necessitates their reclassification as SERMs. We also propose a structural
hypothesis that accounts for their pharmacological similarity to raloxifene.

The compounds were prepared as previously described.10:11,13  Tissue-specific estrogen agonist
effects were examined in an OVX rat model, utilizing uterine weight, uterine eosinophil peroxidase (EPO)
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activity,14 serum cholesterol levels, and bone density as endpoints. Specifically, 75-day old OVX Sprague-
Dawley rats were dosed daily (oral) for 4 days, commencing 2 weeks after ovariectomy. Vehicle (20% -
hydroxycyclodextrin) treated sham, OVX control, OVX/17a-ethynyl estradiol (100 mg/kg; PO) treated
control groups were included in each experiment. The compounds were tested at 3 or 4 doses, with n = 5 for
all experimental and control groups. Graphical representations of the dose/response for uterine weight
increase, EPO activity, and percent decrease in serum cholesterol are provided in Figures 1a, b, and c. The
compounds were then further evaluated in a 5 week, OVX rat model in which effects on skeletal parameters
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were also examined.-15 In this model, 75-day old Sprague-Dawley rats were dosed daily by oral gavage
immediately post-OVX. Bone-mineral density (BMD), total bone-mineral content (TBMC), and cross-
sectional area (X-area) were assessed at the distal metaphysis of femora by quantitative computed tomography
(QCT). The effects on BMD , TBMC, and X-area are depicted in Figures 2a, b, and c.

Like 17a-ethynyl estradiol, both 2 and 3 provided significant, dose dependent reductions in serum
cholesterol after 4 days post-OVX, with EDsq's of 0.07 and 0.10 mg/kg, respectively. In contrast to the
estrogen control however, neither compound showed any tendency to increase uterine weight or EPO activity.
Similar trends in uterine weight and serum cholesterol were observed in the 5-week model (Table 1).
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Furthermore, in the 5-week model 2 and 3 were
found to significantly prevent OVX induced
osteopenia, measured as BMD, at doses of 10
and 0.1 mg/kg respectively (Figure 2a).
Compound 3 was also found to significantly
enhance TBMC at all doses tested, an effect that
was not noted for the estrogen controls or for
compound 2 (Figure 2b). Interestingly, although
at low doses 3 showed a significant increase in
X-area with respect to OVX controls, this effect
diminished in dose dependent fashion.

The ability of 3 to prevent OVX induced
osteopenia was further evaluated in animals that
were 6 months old at ovariectomy, where
longitudinal growth of bone is less of a factor
(Figure 3).16 In these older animals, the effect
on BMD was maintained at doses as low as

Figure 2. Dose/response relationships of 2
and 3 for protection from OVX-induced loss of
BMD (a) and TBMC (b) and effects on X-area
(c) in the 75-day old rat model. An ethynyl
estradiol (0.1 mg/kg) group is included for
comparison. Statistical significance relative to
OVX control is denoted by "*".
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1 mg/kg, however, significant effects on TBMC and X-area were not observed (data not shown). The age-
related difference in effects on TBMC and the the inverted dose/response for X-area in 75-day old animals
may indicate that 3 is influencing longitudinal bone growth, as well as bone turnover. The relevance of the
effects on TBMC and X-area to the treatment of postmenopausal osteoporosis is therefore unclear.

Figure 3. Dose/response relationship of 3 for
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The tissue-specific agonist activity of SERMs such as raloxifene
(1), 2, and 3 and the lack of uterine stimulation observed with these
compounds contrasts with the effects of the partial agonist tamoxifen (4).
Although tamoxifen also exhibits potent agonist effects in bonel7 and the
cardiovascular system,!8 these are accompanied by strong uterotrophic
activity.19 A molecular biological assay that discriminates between these
different classes of estrogen receptor modulators has been recently
described.20 We hypothesized that 2 and 3 may share structural features 4
with raloxifene that differ from tamoxifen and which may be responsible
for their tissue selectivity.

Figure 4. MOPAC/AM1 minimum energy conformations for raloxifene, 3, and tamoxifen

raloxifene 3 tamoxifen
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Figure 5. Overlay of minimized structures of raloxifene (green carbons) and 3 (gray carbons).

L

In order to elucidate the structural features that distinguish raloxifene and 3 from tamoxifen and its
analogs we compared their minimum energy conformations, as generated by MOPAC, utilizing the AM1
parameter set (Figure 4).21 An overlay of the stilbene cores of 3 and raloxifene results in a very similar
positioning of their basic amine containing side-chains (Figure 5). In both cases, the axis passing through the
nitrogen, side-chain ether, and phenyl ring is roughly orthogonal to the plane of the dihydroxystilbene. In
contrast, the basic side-chain of tamoxifen is constrained to lie within the plane of the stilbene moiety, and

cannot achieve the conformation preferred by 3 and raloxifene without significant and energetically
unfavorable distortion of the olefinic bond angles. An overlay of the structures of 3 and tamoxifen (Figure 6)
demonstrates that different regions of space are occupied by the side-chains in these two systems. Since the
amino-containing side-chain is thought to be associated with the antagonist properties of these molecules, we

Figure 6. Overlay of minimized structures of tamoxifen (green carbons) and 3 (gray carbons).
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speculate that the lack of uterine stimulation by 3 and raloxifene relative to tamoxifen is due to this difference
in side-chain orientation.22

In conclusion, we have demonstrated that benzopyrans 2 and 3 prevent OVX induced osteopenia and
reduce serum cholesterol in a rat model in a dose-dependent manner, without concomitant stimulation of the
uterus. This pharmacological profile demonstrates that they are more appropriately classified as SERMs
rather than as "pure estrogen antagonists” as previously reported.12 We have defined a novel structural feature
shared by these benzopyrans and the clinical candidate raloxifene, which differentiates them from tamoxifen
and may be responsible for their lack of uterotrophic activity. Further studies examining the structural
characteristics which result in the SERM pharmacological profile are in progress. Clearly this class of
compounds shows promise for the treatment and prevention of osteoporosis and other pathologies associated
with the post-menopausal decline in ovarian hormones.
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