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Bisphosphonates are carbon-substituted pyrophosphate (PCP) analogues that exhibit high affinity to hydrox-
ylapatite and inhibit bone resorption after their administration. They are widely used as the first-choice drug for the
treatment and prevention of bone diseases, including Paget’s disease, hypercalcemia of malignancy, and osteoporosis.
However, the oral bioavailability of bisphosphonates is quite low (1-2%). In addition, the oral administration of
bisphosphonates has been associated with mucosal damage, including gastritis, gastric ulcer, and erosive esophagitis.
Therefore, it is highly desirable to develop new delivery systems that improve their bioavailability and safety. In this re-
view, recent challenges in the developments of novel delivery system of bisphosphonates are summarized. Then, future
developments of delivery system of bisphosphonates are also discussed in order to improve their therapeutic efficacy and

safety in the treatment of bone diseases.
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Fig. 1. Structure of Bisphosphonates
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Table 1. The Side Groups of Typical Bisphosphonates and
Bone Resorption Inhibitory Activity

Bone
. resorption
Generation | Compound | R; R, inhibitory
activity
First Etidronate OH CH; 1
Pamidronate | OH| CH,CH,NH, 30
Alendronate | OH| (CH,);NH, 1000
Second
Incadronate | H NO 1000
—=N
Risedronate | OH 3000
H,C—N
2 /
Third
N
Zoledronate | OH Hzc—@ 10000
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Fig. 2. Permeated Amount (A) and Flux (B) of Alendronate through the Skin after the Application of Alendronate Patch!
(a) Rat skin, (b) Human skin. O, alendronate patch (0.1 mg alendronate/patch); @, alendronate patch (1 mg alendronate/patch). Results are expressed as
mean=+S.D. of three to nine rat or human tissue samples.

(@) (b) (c) (d) (e) (f)

Fig. 3. Effect of Alendronate on the Width of the Growth Plate (arrow) and the Density of Bone Structure after Application of Alen-
dronate Patch in Rats with Ovariectomy (OVX)-induced Osteoporosis!6
(A) Microcomputed tomography images at the bone of right tibia of rats. (B) Histological micrographs of the bone tissue from the right tibia of rats. Original
magnification: X40. (a) Sham; (b) OVX; (c) weekly oral administration of alendronate just after OVX; (d) weekly oral administration of alendronate 4 weeks af-
ter OVX; (e) weekly application of alendronate patch just after OVX; (f) weekly application of alendronate patch 4 weeks after OVX. Alendronate was ad-
ministered orally at a dose of 0.4 mg/kg. Alendronate patch with a dose of 0.4 mg alendronate/kg was applied weekly for a 24-h period to OVX rats. All groups
were evaluated 8 weeks after sham or OVX operation.
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