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Estrogens have proved useful in the prevention and treatment of postmenopausal osteoporosis.

However, prolonged therapy may increase the risk of endometriosis, breast cancer and uterus
 cancer. Then, a selective drug delivery system to bone is desirable for osteoporosis therapy
without advérse reactions. Bone matrix protein have repeating sequences of acidic amino acids
(Asp or Glu). It was considered that the repetitive acidic amino acid sequences may be binding
sites to the hydroxyapatite component of bone, and attempted to use acidic oligopeptides for drug
delivery to the bone. Therefore, in this study, bone-selective bio-targeting of estradiol conjugated
with acidic oligopeptide were developed and evaluated.

Acidic oligopeptides [poly (D- or L-Asp or Glu)] of various lengths were synthesized. In the
in vitro binding assay to hydroxyapatite, the affinities of these oligopeptides depended only on the
number of amino acid residues. In an in vivo experiment involving a single intravenous injection
of Asp-oligopeptides into mice, peptides consisting of over six Asp residues were selectively
distributed to the bone, and the longer peptides showed higher clearance in plasma and higher
concentration in bone. Based on the results, a conjugate of estradiol linked at position 3 and 17
with L-Asp-hexapeptide (E,-3D, and E,-17 8 D) were designed.

The affinities of E,-3D, and E,-17 8 D, for human estrogen receptor (ERa and ER 8), were
about 100-fold and 10,000-fold less than that of estradiol, respectively.

A pharmacokinetic study of E,-3Dg and E,-17 8 D; after intravenous injection in mice showed
selectively distribution in the bone and gradually decreased during 7 days.

Based on the results, E,-17 8 Dy was selected for better candidate and examined its anti-
osteoporotic effect in ovariectomized (OVX) mice, in comparison with those of estradiol. When

E;-17 B D¢ (0.11, 0.37, 1.1 2 mol/kg, sc, every seventh day) or estradiol (0.37 1 mol/kg, sc, every



third day) was administered to OVX mice for 4 weeks, estradiol increased the bone mineral density
(BMD) together with weights of liver and uterus, whereas E,-17 B D; increased only the BMD, in a
dose-dependent manner. Estradiol enhanced the c-fos mRNA in bone and uterus of OVX mice at
1 hr after administration. E,-17 B D, enhanced the c-fos mRNA in bone at 1 and 4 hr after
administration and bone matrix proteins (type I collagen (« 2), osteopontin, bone sialoprotein)
mRNA at 4 hr after administration, but estradiol did very slightly.

These results indicate that the prodrug of estradiol conjugated with acidic oligopeptide was
delivered to the bone, where it gradually released estradiol, thereby ameliorating bone loss and
avoiding the side effects. This E,-17 8Ds is a good candidate as an drug used for estrogen

replacement therapy without the adverse side effects of estradiol.
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