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Novel structure development of vitamin D-derived photoreactive isomers:
development of bone effect enhancement and half-life extension molecules in vivo
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According to the synthetic studies on tachysterol derivatives which are few
of the prior research examples, a derivative with selective bone formation activity equal to or
higher than that of the osteoporosis therapeutic drug eldecalcitol and 7,8-cis-19-norvitamin D
derivatives were found. We succeeded in X-ray co-crystal structure analysis in complex with human
vitamin D receptor (hVDR).

In addition, the structure of the CYP24Al metabolite of the active vitamin D3 derivative AH-1, which
has a 2a -tetrazole ethyl group, with great bone formation activity was clarified by chemical

synthesis. This metabolite retains hVDR binding affinity, has a long half-life time in vivo, and

therefore, it is considered to be a cause of the strong in vivo bone formation action of AH-1. A low
side effect of hypercalcemia on AH-1 was also demonstrated in osteoporosis model rats.



1,000 D

2011 D
D
AH-1
7- D [1,7]
D3
D
D
D
D X
D3
CYP24A1 D3
D
8,9-
hVDR

20~ 20~ in vivo

19- MART-10
in vivo 20 CYP24A1

AH-1
D2 D3 8,9-
4
7,8-cis-19- D D VDR X
20 - Ds
AH-1 CYP24A1 VDR

AH-1  in vivo

32
1. F. Kawagoe, T. Sugiyama, K. Yasuda, M. Uesugi, T. Sakaki, A. Kittaka, Concise Synthesis of
23-Hydroxylated Vitamin D; Metabolites. J. Steroid Biochem. Mol. Biol. 2019, 186 (1), 161-168.
doi: 10.1016/j-jsbmb.2018.10.010
2. Yuta Terauchi, Rie Suzuki, Ryosuke Takeda, Ittetsu Kobayashi, Atsushi Kittaka, Midori
Takimoto-Kamimura, and Noriyuki Kurita, Ligand Chirality Can Affect Histidine Protonation of
Vitamin-D Receptor: ab initio Molecular Orbital Calculations in Water. J. Steroid Biochem. Mol.
Biol. 2019, 186 (1), 89-95. doi: 10.1016/j-jsbmb.2018.09.020
3. Atsushi Kittaka, Novel structure development of vitamin D-derived photoreactive isomers:
development of bone effect enhancement and half-life extension molecules in vivo. Impact 2018,
Vol. 2018 (10), December 2018, pp. 54-56. Publisher: Science Impact Ltd. DOI:
https://doi.org/10.21820/23987073.2018.10.54
4. Atsushi Kittaka, Creation of Potent Vitamin D Receptor Agonists and Antagonists with
20-(w-Hydroxyalkylation) Concept to the seco-Steroid Skeleton. CHIMIA 2018, 72 (12), 859-865.
doi: 10.2533/chimia.2018.859
5. H. Mano, M. Takano, S. lkushiro, A. Kittaka, T. Sakaki, Novel biosensor using split-luciferase
for detecting vitamin D receptor ligands based on the interaction between vitamin D receptor and
coactivator. Biochem. Biophys. Res. Commun. 2018, 505 ), 460-465.
doi:10.1016/j .bbrc.2018.09.122
6. Kun-Chun Chiang, Chun-Nan Yeh, Ta-Sen Yeh, Horng-Heng Juang, Li-Wei Chen, Sheng-Fong Kuo,
Ming-Huang Chen, Tai C Chen, Masashi Takano, Atsushi Kittaka, Jong-Hwei S. Pang, MART-10, a
la,25(0H).D; Analog, Potently Represses Metastasis of ER" Breast Cancer Cells with VEGF-A
Overexpression. Anticancer Res. 2018, 38 (7), 3879-3887. doi:10.21873/anticanres.12672
7. K. Yasuda, E. Tohyama, M. Takano, A. Kittaka, M. Ohta, S. lkushiro, and T. Sakaki, Metabolism
of 2a-[2-(tetrazol-2-yl)ethyl]-1a,25-dihydroxyvitamin D; by CYP24A1 and biological activity of
its 24R-hydroxylated metabolite. J. Steroid Biochem. Mol. Biol. 2018, 178 (4), 333-339. doi:
10.1016/j . jsbmb.2018.02.001
8. Hiroki Mano, Shinichi Ikushiro, Nozomi Saito, Atsushi Kittaka, and Toshiyuki Sakaki, Development
of a Highly Sensitive in vitro System to Detect and Discriminate between Vitamin D Receptor Agonists
and Antagonists Based on Split-luciferase Technique. J. Steroid Biochem. Mol. Biol. 2018, 178 (4),
55-59._ doi: 10.1016/j . jsbhmb.2017.10.024
9. Daisuke Sawada, Shinji Kakuda, Akiko Takeuchi, Fumihiro Kawagoe, Midori Takimoto-Kamimura, and
Atsushi Kittaka, Effects of 2-substitution on 14-epi-19-nortachysterol-mediated biological
events: Based on synthesis and X-ray co-crystallographic analysis with human vitamin D receptor.
Org. Biomol. Chem. 2018, 16 (14), 2448-2455. doi: 10.1039/C80B00158H
10. Ryosuke Takeda, Rie Suzuki, Ittetsu Kobayashi, Kentaro Kawai, Atsushi Kittaka, Midori
Takimoto-Kamimura, and Noriyuki Kurita, Specific interactions between vitamin D receptor and




ligand depending on its chirality: ab initio fragment molecular orbital calculations. Chem-Bio
Inform. J. 2018, 18, 32-43. doi: 10.1273/cbij.18.32
11. Ryosuke Takeda, Ittetsu Kobayashi, Rie Suzuki, Kentaro Kawai, Atsushi Kittaka, Midori
Takimoto-Kamimura, and Noriyuki Kurita “ Proposal of potent inhibitors for vitamin-D receptor
based on ab initio fragment molecular orbital calculations” Journal of Molecular Graphics and
Modelling 2018, 80 (3), 320-326. doi: 10.1016/j.jmgm.2018.01.014
12. Fumihiro Kawagoe, Toru Sugiyama, Motonari Uesugi, and Atsushi Kittaka, Recent Developments
for Introducing a Hexafluoroisopropanol Unit into the Vitamin D Side Chain. J. Steroid Biochenm.
Mol . Biol. 2018, 177 (3), 250-254. doi: 10.1016/j-jsbmb.2017.07.008
13. Kun-Chun Chiang, Chun-Nan Yeh, Jong-Hwei S. Pang, Jun-Te Hsu, Ta-Sen Yeh, Li-Wei Chen,
Sheng-Fong Kuo, Masashi Takano, Tai C. Chen, Atsushi Kittaka, Po-Jen Hsieh, Horng-Heng Juang,
la,25(0H).D; Analog, MART-10, Inhibits Neuroendocrine Tumor Cell Metastasis After VEGF-A
Stimulation. Anticancer Res. 2017, 37 (11), 6215-6221. doi: 10.21873/anticanres.12072
14. K.-C. Chiang, T.-S. Yeh, C.-C. Huang, Y.-C. Chang, H.-H. Juang, C.-T. Cheng, J.-H. S. Pang,
J.-T. Hsu, M. Takano, T.C. Chen, A. Kittaka, M. Hsiao, C.-N. Yeh, MART-10 represses
cholangiocarcinoma cell growth and high vitamin D receptor expression indicates better prognosis
for cholangiocarcinoma. Sci. Rep. 2017, 7, 43773. doi: 10.1038/srep43773.
15. R. Takeda, I. Kobayashi, K. Shimamura, H. Ishimura, R. Kadoya, K. Kawai, A. Kittaka, M.
Takimoto-Kamimura, N. Kurita, Specific interactions between vitamin-D receptor and its ligands:
ab initio molecular orbital calculations in water. J. Steroid Biochem. Mol. Biol. 2017, 171, 75-79.
doi: 10.1016/j-jsbmb.2017.02.018
16. M. Takano, K. Yasuda, E. Tohyama, E. Higuchi, T. Sakaki, A. Kittaka, Synthesis of the CYP24Al
major metabolite of 2o-[2-(tetrazol-2-yl)ethyl]-1a,25-dihydroxyvitamin Ds. J. Steroid Biochen.
Mol. Biol. 2017, 173, 75-78. doi: 10.1016/j.jsbmb.2016.11.022
17. H. Mano, M. Nishikawa, K. Yasuda, S. lkushiro, N. Saito, D. Sawada, S. Honzawa, M. Takano,
A. Kittaka, T. Sakaki, Novel screening system for high-affinity ligand of heredity vitamin
D-resistant rickets-associated vitamin D receptor mutant R274L using bioluminescent sensor. J.
Steroid Biochem. Mol. Biol. 2017, 167, 61-66. doi: 10.1016/j.jsbmb.2016.11.008
18. D. Sawada, E. Ochiai, A. Takeuchi, S. Kakuda, M. Kamimura-Takimoto, F. Kawagoe, A. Kittaka,
Synthesis of 2a- and 2B-(3-hydroxypropyl)-7,8-cis-14-epi-1lo,25-dihydroxy-19-norvitamin D; and
their biological activity. J. Steroid Biochem. Mol. Biol. 2017, 173, 79-82. doi:
10.1016/j . jsbmb.2016.09.007
19. Kun-Chun Chiang, Chun-Nan Yeh, Cheng-cheng Huang, Ta-Sen Yeh, Jong-Hwei S. Pang, Jun-Te Hsu,
Li-Wei Chen, Sheng-Fong Kuo, Atsushi Kittaka, Tai C. Chen, and Horng-Heng Juang “ 25(OH)D is
effective to repress human cholangiocarcinoma cell growth through the conversion of 25(0H)D to
la,25(0H).Ds"  Int. J. Mol. Sci. 2016, 17 (8), 1326; doi:10-3390/ijms17081326
20. K.-C. Chiang, C.-N. Yeh, J.-H. S. Pang, J.-T. Hsu, T.-S. Yeh, L.-W. Chen, S.-F. Kuo, P.-J.
Hsieh, Y.-C. Pan, M. Takano, T.C. Chen, T.-H. Feng, A. Kittaka, H.-H. Juang, lo,25(0H).D; Analog,
MART-10, Inhibits Neuroendocrine Tumor Cell Growth Through Induction of GO/G1l Cell-cycle Arrest
and Apoptosis. Anticancer Res. 2016, 36 (7), 3307-3313.
21.S.-W. Yang, C.-Y. Tsai, Y.-C. Pan, C_-N. Yeh, J.-H. S. Pang, M. Takano, A. Kittaka, H.-H. Juang,
T.C. Chen, K.-C. Chiang, MART-10, a newly synthesized vitamin D analog, represses metastatic
potential of head and neck squamous carcinoma cells. Drug Design, Development and Therapy, 2016,
10, 1995-2002. Doi: 10.2147/DDDT.S107256
22. K.-C. Chiang, T.-S. Yeh, S.-C. Chen, J.-H. S. Pang, C.-N. Yeh, J.-T. Hsu, L.-W. Chen, S.-F.
Kuo, M. Takano, A. Kittaka, T.C. Chen, C.-C. Sun, H.-H. Juang, The vitamin D analog, MART-10,
attenuates triple negative breast cancer cells metastatic potential. Int. J. Mol. Sci., 2016, 17
(4), 606-619. Doi: 10.3390/ijms17040606
23. Y. Matsumoto, A. Ito, M. Uesugi, A. Kittaka, Efficient N-Acyldopamine Synthesis.Chem. Pharm.
Bull. 2016, 64 (7), 935-940. doi.org/10.1248/cph.c16-00162
24. D. Sawada, S. Kakuda, M. Kamimura-Takimoto, A. Takeuchi, Y. Matsumoto, A. Kittaka, Revisiting
the 7,8-cis-vitamin D; derivatives: synthesis, evaluating the biological activity, and study of
the binding configuration. Tetrahedron 2016, 72 (22), 2838-2848. doi:10.1016/j-tet_2016.03.081
25. M. Takano, T. Sakaki, A. Kittaka 4 1 7 Synthesis, metabolism, and biological
activity of 2-[3-(tetrazolyl)propyl]-1la,25-dihydroxy-19-norvitamin Ds. J. Steroid Biochem. Mol.
Biol. 2016, 164, 40-44. doi: 10.1016/j.jsbmb.2015.07.016
26. K.-C. Chiang, M. Takano, A. Kittaka, T.C. Chen, J.-H.S. Pang 9 10 11 MART-10,
the new brand of 1a,25(0H).D; analog, is a potent anti-angiogenic agent in vivo and in vitro. J.
Steroid Biochem. Mol. Biol. 2016, 155 (Part A), 26-34. doi: 10.1016/j-jsbmb.2015.09.022
27. T. Misawa, Y. Demizu, A. Kittaka, M. Makishima, M. Naito, M. Kurihara 6 9 Effects
of alkyl side chains and terminal hydrophilicity on vitamin D receptor (VDR) agonistic activity
based on the diphenylpentane skeleton. Bioorg. Med. Chem. Lett. 2015, 25 (22), 5362-5366. doi:
10.1016/j .bmcl.2015.09.030
28. H. Mano, M. Takano, A. Kittaka, T. Sakaki 4 6 7 Development of novel bioluminescent
sensor to detect and discriminate between vitamin D receptor agonists and antagonists in living
cells. Bioconjugate Chemistry 2015, 26 (10), 2038-2045. doi: 10.1021/acs.bioconjchem.5b00433
29. Tai C. Chen, Toshiyuki Sakaki, and Atsushi Kittaka Vitamin D & Analogues in Cancer Prevention
& Therapy Research. Adjacent Government 2015, Issue 7 August, 66-67.
30. K.-C. Chiang, M. Takano, T.C. Chen, H.-H. Juang, A. Kittaka, J.-H. S. Pang 7 7 10
MART-10, the Vitamin D analog, is a potent drug to inhibit anaplastic thyroid cancer cell
metastatic potential. Cancer Lett. 2015, 369, 76-85. doi: 10.1016/j.canlet.2015.07.024
31. K.-C. Chiang, A. Kittaka, T.C. Chen, H.-H. Juang 9 9 Hepatocellular carcinoma
cells express 25(0H)D-1a-hydroxylase and are able to convert 25(0H)D to la,25(0H).D, leading to
the 25(0H)D-induced growth inhibition. J. Steroid Biochem. Mol. Biol. 2015, 154, 47-52. doi:
10.1016/j . jsbmb.2015.06.008
32. Y. Matsumoto, A. Kittaka, T.C. Chen, 19-Norvitamin D Analogs for Breast Cancer Therapy. Can.J.
Physiol. Pharmacol. 2015, 93,333-348._doi:10.1139/cjpp-2014-0452

98
1. CYP24A1 CYP3A D 2019,3/20-23
139
2. VDR D 2019,3/20-23 139

3. PNA 2019,3/20-23 139



4. 2-12-( -2- ) ] Ds 19- 2019,3/20-23
139
5. Efficient introduction of fluorine to CYP24A1-dependent catabolic site on vitamin D; side-chain.
2019,2/7-8 5 AMED-CREST  JST
F. Kawagoe, M. Uesugi, A. Kittaka

6. PNA OLIGOMERS POSSESSINING PREQL AS A CATIONIC ANALOGUE OF GUANINE. 2018,12/3-7 10

55 T.
Sugiyama, H. Shibasaki, S. Moriya, K. Kuwata, Y. Imamura, Y. Demizu, M. Kurihara, A. Kittaka
7. Quantum chemical consideration of the mechanism in which a slight structural difference of the
ligand produces a large activity difference of VDR affinity. 2018,12/2-5 The Asian Crystallographic
Association Conference (AsCA 2018) Auckland, New Zealand Midori Takimoto-Kamimura, Atsushi
Kittaka and Noriyuki Kurita
8.

PNA 2018,11/28-30 36
9. 23 25- Ds 2018,11/28-30 36
10.2a-(2- ) Ds 19- 2018,11/28-30 36
11. D 2018,11/5-6 44
12. 2 19- D 2018,11/5-6 44
13. Ligand chirality can affect histidine protonation of vitamin-D receptor: ab initio molecular
orbital calculations inwater. 2018,10/9-11 CBI 2018 Yuta Terauchi,
Rie Suzuki, Atsushi Kittaka, Midori Takimoto-Kamimura, Noriyuki Kurita
14. PNA 2018,9/15 62
15. 25- Ds 2018,9/15 62
16. Ds 2018,9/15 62
17. CYP24A1 25- Ds

2018,8/24-25 4  Neo Vitamin D Workshop

18. Vitamin D
2018,8/24-25 4  Neo Vitamin D Workshop
19. 23 D 2018,8/24-25 4  Neo Vitamin D
Workshop -
20. Synthesis of collagen mimetic incorporated B -amino acid. 2018,8/19-23 Boston,
USA  Akane Shimoda, Miyu Ito, Hikari Uemura, Toru Sugiyama, Atsushi Kittaka, Yoshitomo Suhara
21. VDR 25 OH Ds D
2018,6/22-23 70 (

; D D

2018,6/22-23 70 (
23. D CYP27B1 2018,6/22-23
70 (
24. 23 25- Ds 2018,6/22-23
70 (
25. CYP24A1 25- Ds 2018,6/22-23

70 (

26. 23,25- Ds 2018,6/22-23 70 (
27. 2 19- D 2018,6/22-23

70 (
28. SYNTHESIS OF 2-[2-(TETRAZOL-2-YL)ETHYL]-1a,25-DIHYDROXY-19-NORVITAMIN D3 AND ITS METABOLISM.
2018,5/16-19 21st Vitamin D Workshop M. Takano, K. Yasuda, H. Mano, T. Sakaki, A. Kittaka
29. ALTANATIVE SYNTHESIS OF 23,25-DIHYDROXYVITAMINE D;. 2018,5/16-19 21%t Vitamin D Workshop
Barcelona, Spain F. Kawagoe, M. Uesugi, K. Yasuda, T. Sakaki, and A. Kittaka

30. 2-[2-( -2- ) ]-1a,25(0H)2-19- Ds 2018,3/25-28
138

31. B - 2018,3/25-28
138
32. PNA 2018,3/25-28 138
33. 14- -19- 8,9- D 2018,3/25-28

138
34. PEPTIDE NUCLEIC ACID POSSESSING PREQ1 AS A CATIONIC ANALOGUE OF GUANINE. 2017,11/20-22
54 T. Sugiyama, K. Kuwata, Y. Demizu, M. Kurihara, M. Takano, A. Kittaka
35.4 14- -8,9- -la,25- -19- 2017,11/6-7 43
36. PNA 2017,10/25-27 35

37. FMO calculations on specific interactions between vitamin-D receptor and its ligands.
2017,10/3-5 CBI 2017 Ryosuke Takeda, lttetsu Kobayashi, Kanako Shimamura, Hiromi
Ishimura, Ryushi Kadoya, Kentaro Kawai, Atsushi Kittaka, Midori Takimoto-Kamimura, Noriyuki Kurita



38. PNA 2017,9/16 61

39. 2 Ds 2017,8/25-26 3 Neo Vitamin D
Workshop
40. 2017,6/9-10 69 (
41. D VDR 2017,6/9-10
69 (
42. D AH-1  CYP24Al 24 2017,6/9-10 69

( I -

43. SYNTHESIS OF FALECALCITRIOL DERIVATIVES USING CF3TMS AS A TRIFLUOROMETHYLATION REAGENT
2017,3/28-31 20th Vitamin D Workshop Orland, USA  F. Kawagoe, T. Sugiyama, M. Uesugi, A. Kittaka
44 _ SYNTHESIS OF (24S5)-1SOMER OF AH-1 CYP24A1 METABOLITE. 2017,3/28-31 20th Vitamin D Workshop

Orland, USA M. Takano, K. Yasuda, H. Mano, E. Tohyama, T. Sakaki, and A. Kittaka
45. SYNTHETIC STUDIES ON VITAMIN D DERIVATIVES WITH LACTONE SIDE CHAIN 2017,3/28-31 20th Vitamin
D Workshop A. Nagata, Y. Akagi, T. Yamaguchi, M. Odagi, A. Kittaka, M. Uesugi, K. Nagasawa
46. D CYP24A1 2017,3/24-27 137

47. (248)-2a-[2-( 2- ) 1-1a,24,25- Ds
2017,3/24-27 137

48. 7,8-  -14-  -2-(3- )-1a,25- -19- 0,
2017,3/24-27 137

49. Fmoc 2- PNA 2017,3/24-27 137

50. CD D 2017,3/24-27
137
51. N- 2017,3/15-17
90
52. 2016,11/30-12/2 39
Asad Ali Shah

53. CF3TMS 2016,11/30-12/2 34

54. Fmoc PNA 2016,11/30-12/2 34

55. D CYP24A1 2016,11/7-8 42

56. NEW FMOC 2-THIOURACIL MONOMER FOR THE SYNTHESIS OF PSEUDO-COMPLEMENTARY PNA 2016,10/26-28
53 T. Sugiyama, K. Kuwata, Y. Demizu, M. Kurihara, M. Takano, A. Kittaka
57. 2a-[2-( -2- ) J-1a,25(0H),- Ds CYP24A1
2016,9/26-28 46

58. 2016,9/26-28 46

59. Fmoc PNA 2016,9/17 60

60. ATRA D
2016,8/26-27 2 Neo Vitamin D Workshop

61.2 D3 AH-1 CYP24A1 2016,8/26-27
2 Neo Vitamin D Workshop
62. D 2016,6/17-18
68
63. 20 D
2016,6/17-18 68 (

64. 20-[2-( 2- ) 1-1ct,24, 25- Ds 2016,6/17-18
68 (
65. 19- D - 2016,6/17-18
68
66. 25- Ds - 2016,6/17-18 68

( - .
67. D (VDR) VDR 2016,6/17-18
68

68. SYNTHESIS OF (24R)-2a-[2-(TETRAZOL-2-YL)ETHYL]-1a,24,25-TRIHYDROXYVITAMIN D; 2016,3/29-31
19th Vitamin D Workshop M. Takano, K. Yasuda, T. Sakaki, A. Kittaka

69. SYNTHESIS OF 7,8-CIS-VITAMIN D; ANALOGS. 2016,3/29-31 19th Vitamin D Workshop Boston, USA
D. Sawada, S. Kakuda, M. Kamimura-Takimoto, A. Takeuchi, Y. Matsumoto, and A. Kittaka

70. 25- Ds 2016,3/27-29 136

71. 22- -2- -19,23,24,25,26,27- D3
2016,3/27-29 136
72. PNA 2016,3/27-29 136

73. 20-[2-( 2- ) 1-Tot, 25(0H) - Ds 2016,3/27-29
136
74. CYP24Al > J— ~2016,3/27-29 136

75. HIF-1a 2016,3/27-29
136 e
76. D 2016,3/27-29 136

77. VDR ATRA
2015,12/1-4 38 & 88
78. SC4moL D 2015,12/1-4 38



& 88
79. Elucidation and regulation of novel function of N-acyldopamines. 2015,11/29-30 CREST
A. Ito, M. Yoshida, A. Kittaka, M. Uesugi
D 2015,11/28-29 7

8l. 2a

81. D
2015,11/25-27 33

82. PNA 2015,11/25-27 33

83. SYNTHESIS OF PNA OLIGOMERS CONTAINING MODIFIED DEAZAGUANINES FOR THE DEVELOPMENT OF FUNCTIONAL
PNA. 2015,11/16-18 52 T. Sugiyama, K. Kuwata, Y. Imamura,
Y. Demizu, M. Kurihara, M. Takano, and A. Kittaka

84. D 2015,10/26-27 41

85. D 2015, 9/19-20
2015

86. 7,8-cis-19-Norvitamin Ds VDR 7,8-cis-vitamin Ds 2015,9/18
348
87. 2 19- D3 2015,9/12 59

88. 2015,9/12 59

89. SC4MOL D 2015,8/28-29 1  Neo
Vitamin D Workshop
90. 2 19- Ds 2015,8/28-29 1
Neo Vitamin D Workshop

91. D 2015,8/28-29 1 Neo Vitamin D Workshop

92. Incorporation of a peptide nucleic acid into a normal human fibroblast cell reduced type I
collagen production. 2015,8/24-27 9% International Conference on Proteoglycans and 10th Pan
Pacific Connective Tissue Societies Symposium Ewha Womans University Y. Imamura,
S. Tsuboi, T. Sugiyama, A. Kittaka, Y. Shin

93. CYP24Al-dependent metabolism of a promising vitamin D analog for osteoporosis treatment.
2015,6/12-15 19th International Conference on Cytochrome P450 E. Tohyama, K. Yasuda, M. Kamakura,
S. lkushiro, M. Takano, A. Kittaka, T. Sakaki

94. CYP24A1 is a key enzyme to develop vitamin D analogs as anti-osteoporosis or anti-cancer drugs.
2015,6/12-15 19th International Conference on Cytochrome P450 (Tokyo) Toshiyuki Sakaki, Kaori
Yasuda, Shinichi lkushiro, Keiko Yamamoto, Tai C. Chen, Atsushi Kittaka

95. D 2015,6/5-6

67 . o

96. D 2015,6/5-6

67

97. 20 19- D3 2015,6/5-6
67

98. SYNTHESIS, METABOLISM, AND BIOLOGICAL ACTIVITY OF 2-[3-(TETRAZOLYL)PROPYL]-1a.,25-
DIHYDROXY-19-NORVITAMIN Ds. 2015,4/21-24 18" Vitamin D Workshop Delft, Holland M. Takano, E.
Higuchi, K. Yasuda, E. Tohyama, A. Takeuchi, T. Sakaki, and A. Kittaka

9
1. 100
2019 3 26 ISBN 978-4-8079-0960-5.
2.
2018 6 20  ISBN978-4-7887-1550-9

3. 29 12 1 2017
4. Atsushi Kittaka The Japanese Pharmacopoeia 17th Edition The Ministry of Health,
Labour and Welfare 28 3 7 2016
5. 28 3 7 2016
6. .

2016 10 5 1SBN978-4-8079-1707-5 C3347

7. Atsushi Kittaka, Masashi Takano, and Hiroshi Saitoh “ Vitamin D Analogs with Nitrogen Atom at
C2 Substitution and Effect on Bone Formation” In Vitamins and Hormones Vol. 100, Gerald Litwack,
Ed.; Elsevier Inc. Academic Press: Burlington, 2016, pp.379-394. ISBN: 978-0-12-804824-5

8. Eiji Munetsuna, Atsushi Kittaka, Tai C. Chen, and Toshiyuki Sakaki “ Metabolism and Action of
25-Hydroxy-19-nor-Vitamin D; in Human Prostate Cells” In Vitamins and Hormones Vol. 100, Gerald
Litwack, Ed.; Elsevier Inc. Academic Press: Burlington, 2016, pp.357-377. ISBN: 978-0-12-804824-5
9.

2016 3 26 'ISBN978-4-8079-1706-8 3347

https://researchmap.jp/read0025684/
http://ww.pharm.teikyo-u.ac.jp/

(¢Y) .
TAKANO Masashi

8 50386611

@ o
SAKAKI Toshiyuki



