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Isolation and identification of the novel vitamin D,

metabolites and physiological functions of (23S,
25R)-1 a, 25-dihydroxyvitamin D,-26, 23-lactone
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12, (23S,25R)-25-OH-D3-26,23-peroxylactone D& iz, IRA A2 b1 7 3 3cm &R L
07 M /RBIEEERRT L. FD-RAARI P H4 4 4 THAHAIEEINVGTFENL444THDT L,
¥ 7= triphenylphosphine & @ 5UG T(238S,25R)-25-OH-D3-26,23-lactone & triphenylphosphine
oxideZ £ T A Z & TRES N/, BEEL 72(235,25R)-25-OH-D3-26,23-peroxylactoned,-2 0 C
Pl ET# 2 A12(23S,25R)-25-OH-D3-26,23-lactone io & L 72, % 72(23S5,25R)-25-OH-D3-26,
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Table 1
Production of (23S,25R)-25-OH-D3-26,23-lactone from various 25-OH-D3 metaboltes.

Substrates (23S,25R)-25-OH-D3-26,23-1actone
ng/4.8 g kidney/hr.
25-OH-D3 120
238S,25-(OH)2D3 260
25R,26-(OH)2D3 180
238S,25R,26-(OH)3D3 _ 4200
(238,25R)-25-OH-D3-26,23-1actol 5600

A 10 % kidney homogenate from 1¢,25-(OH)2D3-supplemented chicks was incubated with
8ug of 25-OH-Ds3, 23S,25-(OH)2D3, 25R,26-(OH)2D3, 235,25R,26-(OH)3D3 or
(23S,25R)-25-0OH-D3-26,23-lactol.  (23S,25R)-25-OH-D3-26,23-lactone produced in vitro
was isolated and purified by HPLC using 2 solvent systems. The amounts of (23S,25R)-
25-OH-D3-26,23-1actone were quantitated by comparison with a standard curve made with
authentic (23S,25R)-25-OH-D3-26,23-lactone.

235,25-(OH)2D3 % 7z i325R,26-(OH)2D3 icfi & . & 15 #%23S,25R,26-(OH)3D3 12 U3 ShE
12(23S,25R)-25-OH-D 3 -26,23-lactol % # T(23S,25R)-25-OH-D3-26,23-lactone R £ &E 1 B = &
PHLPIE ok LA L. AT, (235,25R)-25-OH-D3-26,23-peroxylactone#* £ & 1, %

D A5 L(23S,25R)-25-OH-D3-26,23-lactone = & 5 2 & & 1, 25-OH-D3 %A 5



Rat Serum
CHCl3 Extracts

i
Sephadex LH-20 (1.5 x 25 cm) Column Chromatography
CHCl3 : n-hexane (65 : 35)
1

T 1
136 - 180 mi 276 - 328 mi

1
76 - 112 mi

HPLC on a Zorbax Sil Column  Sephadex LH-20 (1.5 x 25 cm) Column

HPLC on a Zorbax Sil Column (4.6 x 250mm)
1.5% CH3OH in CHaClp Chromatography

9%IPA in n-hexane .
T CHCl3 : n-hexane : CH3OH (75:23 :2)
|
11.5-125ml 13-14mi 18-20ml 68 - 136 ml
HPLC on a Zorbax Sil Column 14-15.5mi  HPLC ona Zorbax Sil Column  HPLC on a Zorbax Sil Column
1.5% CH30H in CHaCla 9% IPA in n-hexane 20% IPA in n-hexane
8.5-95mi 75-85ml 21-23ml 12-14mi
145-155ml  25R 25-(OH)2D3
HPLC on a Zorbax Sil Column and HPLC on a Zorbax Sil Column
9% IPA in n-hexane 258,25-(OH)2D3 3.5% CH3OH in CH2Cla
115-125m  13-14ml A 18.5-21 ml
145-155ml © 23S,25R,26-(OH)3D3

(235,25R)-25-0H-D3-  (23S,25R)-25-OH-D3-  24R,25-(OH)2D3
26,23-peroxylactone  ~ 26,23-lactone and
_ 248,25-(OH)2D3

Figure 1. Flow sheet of the isolation of the vitamin D3 metabolites
from the serum of rats given large doses of vitamin D3.
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Figure 2. Structures of the newly isolated 25-OH-D3 metabolites.
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Table 2

Biological activities of the newly isolated 25-OH-D3 metabolites compared with those of
25-OH-Da3.

Metabolites Receptor Binding Intestinal Ca Bone Resorption HL-60 cell
Affinity (%) Absorption Differentiation
25-OH-D3 100 +++ +++ +
24S,25-(OH)2D3 1.7 + + -
25R,26-(OH)2D3 - 8.7 +++ ++ +
23S8,25R,26-(OH)3D3 0.1 + - -
(23S,25R)-25-OH-D3-
26,23-1actone 24.6 + Inhibit -
(23S,25R)-25-OH-D3-
26,23-peroxylactone not determined + Inhibit -
(5Z)-19-nor-10-oxo-
25-OH-D3 92.8 - - +
(5E)-19-nor-10-oxo-
25-OH-D3 129.7 - - +++
(5Z)-19-nor-10-oxo- '
24R,25-(OH)2D3 20.6 - - +
(5E)-19-nor-10-oxo-
24R,25-(OH)2D3 28.0 - - ++

% M E 1a,25-(0OH2D3DALH

¥4I D3NRAGEHREY TH 510,25-(0OH)2D3E . BHHBTEOEBERERILL R,
LORIRBEN T PR B IFRIN T ED ok, it 10,25-(OH)2D30RS % B R
EL. ZOEBERAHEGHICT S T &I L »T10,25-(OH)2D3 DR A LB O % o 12 |

1a,25-(0H)2Ds=sc 150pg/kgthE T 2 EHRECHS L2 ¥ — 7R & 0 Rl L TH & h =i i§» 5 Fig.5
DFHETHEL DR B EIBE L, WERER . UVARZ P, IRANRZ PV, RAANRZ PV,
L8 B & UABLEY & Ddco-chromatography il & » TiT o 7o Z DR, FHRARW L LT,
10t,25-(OH)2-24-0x0-D3, 1,24S,25-(0OH)3D3, (23S5,25R)-10,25-(0OH)2D3-26,23-1actol 8 & T*

(23S,25R)-100,25-(0OH)2-D3-26,23-lactone * BRI 2 L 7= (Fig. 6)o % 72, T oA NG
WEAR B SUBBOBREIL L > Tla,25-OH2D3» 6 EAES N5 Z EBHL 2L
10,25-(OH)2D3 i3, BROBEF I & o Tlo,24R,25-(OH3D3 icR#p SN B THHMOENL TV DT,

10t,24R,25-(OHBD3 L BN R EV A — b &% 4 Y F 2= b T 5 &, 10,25-(OH)2-24-0x0-D343 &



Dog Serum
|
CHCl3 Extracts

I
. Sephadex LH-20 (1.5 x 25 cm) Column Chromategraphy
CHCl3 : n-hexane (65 : 35)

108 - 180 mi CHCIl3 : n-hexane : CHgOH (75:23:2)
. !
I )
HPLC on a Zorbax Sit Column 68 - 120 ml 200 - 280 ml
20% IPA in n-hexane l
11.5-13ml HPLC on a Zorbax Sil HPLC on a Zorbax Sil
3% CH30H in CHaCl2 17% IPA in n-hexane
Rechromatography l | i 1
11.5-13ml 16 - 17.5mi 30.5-325ml 33-35mi 25.0-31.0mi

HPLC on a Zorbax Sit Column HPLC on a Zorbax Sit HPLC on a Zorbax Sil ]
3% CH3OH in CHzClp 20% IPAinn-hexane 3% CHgOH in CHaCl2 HPLC on a Zorbax Sil
] 3% CH30H in CHaCl2

11-125mi 17-19.5ml : |
10,25-(OH)2-24-0x0-D3 | 30.5-33ml 32.5-35ml 36.3-38.8ml
HPLC on a Zorbax Sil  10,,24R,25-(OH)3D3  1¢,245,25-(OH)3D3  (23S,25R)-1a,25-(OH)2D3-
3% CH3OH in CH2Cla _ 26,23-lactol
16-17.5mi

(23S,25R)-1a,25-(OH)2D3-26,23-lactone

Figure 5. Flow sheet of the isolation of the 1¢,25-(OH)2D3 metabolites from
' the serum of beagle dogs given large doses of 1a,25-(OH)2D3.
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Figure 6. Structures of the newly isolated 1¢,25-(OH)2D3 metabolites.
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Figure 7. Proposed metabolic pathway from 1c,25-(OH)2D3 to 1a,24S,25—(OH)3D3.
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(OH)2D3-26,23-lactonen 10t,25-(OH2D34: B9 £ 7% — i3 T 2 & EAM. 10,25-(OH)2D3
D1/662THOEEAIVY Y ARIENRES & CHL-60MBL O LHEER b 552 o 720 BRIUER 1
2nTit, 10,25-(OH)2D3#5R#T 2 D it L. (235,25R)-10r,25-(OH)2D3- 26,23-lactone i3 ¥l ¢
B%EFL, $72, 10,25-(OH)2D3IC & o TIRYE & 2= BIRIUEM % b H5]F 29 R 2 EPIEHE LR L
24R-0H-D3?>4’c%% LL 'Cﬁ%ﬁl L7210,24R-(OH2D3it, 10,25-(OH2D3 457732 C DAETE R I
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Table 3

Biological activities of the newly isolated 1c,25-(OH)2D3 metabolites compared with those of
10,25-(OH)2Ds3.

Metabolites Receptor Binding Intestinal Ca Bone Resorption HL-60 Cell
Affinity (%) Absorption Differentiation

10,,25-(OH)2D3 100 +++ +H+ 4+
1¢,25-(OH)2-24-0x0-D3 345 ++ ++ +++
10,,24R,25-(OH)3D3 20.8 ++ ++ ++
10.,248,25-(OH)3D3 2.7 + + ++
(23S,25R)-10,,25—(OH)2D3—~ :

26,23~lactol 1.7 + + ++
(23S,25R)-101,25-(OH)2D3-

26,23-lactone 0.15 + Inhibit +
10,24R-(OH)2D3 131.6 +4++ +++ +++

# IV E (23S,25R)-10,25-(0H)2D3-26,23-lactone D 4= & B

- BIMETRZZEIC, 1o,25-(OH)2D3 %% 5- L ¥ = W RO iEH 25 %fﬁld,ZS-(OH)ZDBﬁ #
W& L TEERZE L7-1a,25-(OH)2D3-26,23-1actoneic it 2 3B L U2 SMICAFREREFIHEL
TAHILLIVABBEOTREMKIFET 5. £ ZTla,3B-dihydroxyergosterol % HBEH & L T
1727 v 70 ET1lo,25-(OH)2D3-26,23-lactone® 4 BV 4k Bk % A LERE(BA RS + v

(NMRARZ M V) BLUXMBIN T — 5 & h ZOVKEMEREL. A L7 4H10,25-(OH)2



D3-26,23-1acfone%Zorbax Sil 9 & TEH R & L Tisopropanol:n-hexane(12:88) % Fv» T & #
#hru< 95 74 —HPLC) o7 % & (235,255)- 8 & UF(23R,25R)-11,25-(OH)2D3-26,
23-lactone i, [{ UL & <& tH &En %A, (23R,255)-8 & UF(23S,25R)-10,25-(OH)2D3-26,23-
lactone& X R A EICH SN, 30— 5B e/ (FiglA)e EITE—Z7IVADME
Hdr o B L KM 0 10,25-(OH)2D3-26,23-lactone® Fl— %4 TH#1F 5 &, 45(235,25R)-1a,

25-(OH)2D3-26,23-lactone & LB i ¥ = 17z (Fig.9B)o
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Figure 9. HPLC profiles of four diastereoisomers of synthetic 1a,25-(OH)2D3-26,23-lactone and
natural 1a,25-(OH)2D3-26,23-lactone.

(A) Four diastereoisomers of synthetic 1c.,25-(OH)2D3-26,23-lactone.

(B) Natural 1a,25-(OH)2D3-26,23-1actone from dog serum.

10,,25-(OH)2D3-26,23-Lactone was subjected to HPLC on a 4.6 x 250 mm Zorbax Sil column
eluted with 12% isopropanol in n-hexane at 1 m!/min.

Hic, 10,25-(OCH)2D3RE ) £ 74— i3, €4 I VDlEETHBECRHNT2VE79-THHI LD
HohTwd, T, 454 HEla,25-(OH)2D3-26,23-lactone & X #k10,25-(0H)2D3-26,23-

lactoneD = DV & 7 ¥ — Ik T AEA AL R B L 25, 10,25-(0H)2D3-26,23-1actone? 4 L
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-26,23-lactone ¢ & A LHEABRAMEERL 2o UL #HR LY, RKA10,25-(OH)2D3-26,23-

lactoneiz. (23S)BL U SR)EML%F L T b EffmS N/,

Table 4

Ability of 1¢.,25-(OH)2D3 and four diastereoisomers of 1,25-(OH)2D3-26,23-lactone to
competitively inhibit [*H}1,25-(OH)2D3 binding to the chick intestinal cytosol 3.7S receptor.

Vitamin D3 derivatives 50% Displacement Molar ratio
(pg)

10,25-(OH)2D3 355 1

(238,25S)-1a,25-(OH)2D3 -26,23-lactone 440 124
(23R,25R)-10.,25-(OH)2D3 -26,23-lactone 1,700 479
(23R,25S)-10,25-(OH)2D3 -26,23-lactone 15,100 4254
(23S,25R)-101,25(0OH)2D3 -26,23-1actone 23,500 662.0
natural 1¢,25-(OH)2D3 -26,23-lactone 23,800 670.4

Molar ratio indicates the ratio of moles per liter of vitamin D3 analogue over the moles per liter
of 10,,25-(OH)2D3 required for 50% displacement of [3H]1_a,25-(0H)2D3 from the receptor.

(23S,25R)-1a,25-(OH)2D3-26,23-lactoneit, BiES L UVNETERS A e LTSN

DT, FTNLOWHRL VA LABEEAV., FHEEE X134 010,25-(OH)2D3REB & 1 ~

Fam— BT EREDERSNS10,25-(OH)2D3-26,23-lactone= % & L7z (Table 5)o D3

Table 5

Production of (238,25R)-10,25-(OH)2D3-26,23-lactone from various vitamin D3 derivatives.
Kidney homogenates or intestinal mucosa homogenates from 10,25-(OH)2D3-supplemented
chicks were incubated separately with 6 pg of various vitamin D3 derivatives.

The 10,25-(0OH)2D3-26,23-lactone produced in vitro was isolated and purified by HPLC using
two solvent systems. The amounts of 10,25-(OH)2D3-26,23-lactone were quantitated by
comparison with standard curves generated from authentic 10,25-(OH)2D3-26,23-1actone.

Vitamin D3 derivatives Production of (23S,25R)-1,25-(OH)2D3-26,23-lactone

Kidney Intestine

ng/3.0g tissue/30 min.
10,25-(OH)2D3 40 50
10,,23S,25-(OH)3D3 280 300
10,25R,26-(OH)3D3 150 180
10,23S,25R,26-(OH)M4D3 1,200 910
3,760 3,250

(23S,25R)-101,25-(OH)2D3-26,23-lactol
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Figure 10. Proposed metabolic pathways from 1a,25-(OH)2D3 to
‘ 1at,25-(0OH)2D3-26,23-lactone.
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Figure 11. Time-course of change in serum concentrations of 1c,25-(OH)2D3 metabolites
after administration of 0.2 pg/kg of [3H]1a,25-(OH)2D3 to beagle dog.
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BHERET 5 BRIVREMEHTH 5, £ T, FA0SHEEL /2(23S,25R)-10,25-(OH)2D3—26,23-
lactone$ & U4 g4 1a,25-(OH)2D3-26,23-lactone D A V¥ 7 sLUBHEH.X Y I VDRZI v M %
BWTRE Lo MEP DL VY Y ARIWERICOW T4 R AN 1a,25-(0OH)2D3-26,23-
lactoneid, @A FIVEY ThHDH10,25-(OH)2D3 & [k, &5 HBHFMCHRAE L RAL. DgE
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¢ 1a,25-(0OH)2D3

: (235,258)-1¢,25-(0H)2D1-26,23-lactone
: (23R,25R)-1a,25-(OH)2D3-26,23-lactone
¢ (23S,25R)-1a,25-(OH)2D3-26,23-lactone
* (23R,258)-1¢,25-(OH)2D3-26,23-lactone
¢ natural 1a,25-(OH)2D3-26,23-lactone
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Figure 12. Time-course response of intestinal calcium transport system.
Rats on a low calcium diet received a single intravenous dose of either 250 ng of la, 25-(OH)2D3
or four diastereoisomers of 1a,25-(OH)2D3-26,23-lactone. At the indicated times, ammals were
decapitated and their duedena were used for the determination of mtestmal calcium transport.
The rate of intestinal calcium transport is represented by the ratio of **Ca in the serosal medium
to “*Ca in the mucosal medium. Each point is the mean +SEM of determinations from five rats.
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Figure 13. Time-course response of bone calcium mobilization induced in rats by 250 ng of
10,25-(OH)2D3 or four diastereoisomers of 1¢t,25-(0OH)2D3-26,23-lactone.

Rats on a low calcium diet received a single intravenous dose of compounds. At the indicated
times, animals were decapitated, blood was collected, and calcium was measured in the serum

by the OCPC method. Data are expressed as mg of Ca/100 ml of serum and are the mean +SEM
of five determinations.
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Table 6
Increase in urinary calcium excretion by administration of (23S,25R)-10,25-(OH)2D3-
26,23-1actone.

Compound Serum Ca Urinary Ca excretion
(mg/100 ml) (ng)
Vehicle 490 £ 0.12 512+ 3.6

(23S,25R)-10,,25-(0OH)2D3-26,23-lactone ~ 3.97 £ 0.07**  69.8 % 4.8*

After 6 weeks on the vitamin D-deficient, low calcium diet, rats were divided into two
groups of 5 animals; each rat received a single intravenous dose of 125 ng of (23S,25R)-
1,25-(OH)2D3-26,23-lactone in 0.2 ml of 0.2% Triton X-100 solution. Control rats
received only vehicle. Twenty-four hours later, the anamals were killed and urine was
collected from the urinary bladder. Data are expressed as mean + SEM.

Significantly different from control: * P << 0.05 and ** P < 0.001.

100,25-(OH)2D34\ MG & D #1 v ¥ 7 ARIRZRE S ¥ 3 & B ICBRIUREERIC L - €, MiF
RANTY T ©AREERERERT . 1a,25-(OH)2D3D Z DR ERICH LT (23S,25R)-10,25-
(OH)2D3-26,23-lactoness L DIRIC/EAT 2 PR L 7o ¥ I VDRI T v b ic 125ng ?(23S,25R)
-10,25-(OH)2D3-26,23-lactone 2 #%5- L, Hic, 128:R#Ic 125ngn10,,25-(OH)2D3 % #%5- L, 12
RRERDNGED O DA N 7 MRIER & MG 7 VS ABE% fIFE Lo 3 13Table 7i0R LAk
I2(23S,25R)-10a,25-(0OH)2D3-26,23-lactone iy 10,25-(OH)2D3 I & 5/NE 26 D A1 V¥ AIRIRE
PR ATORE S RIS hdr o 7245, 10,25-(OH)2D3 4 & 5 MiFH A IV 3 v A MBEE F SRR 0% L7
Table 7

Effect of (23S,25R)-10,,25-(OH)2D3-26,23-1actone bn intestinal calcium transport and serum calcium
concentration of vitamin D-deficient rats.

Compound given Intestinal Ca transport Serum Ca
First dose - Second dose “Ca serosal/**Ca mucosal mg/100ml
Vehicle Vehicle 1.66 £ 0.21 4.82 £ 0.09
1a,25-(OH)2D3-26,23-lactone Vehicle 1.79 £ 0.13 4.12 % 0.09%*
Vehicle 10,25-(OH)2D3 3.52 £ 0.14*%* 594 % 0.12%*
10,25-(OH)2D3-26,23-lactone 1a,25-(OH)2D3 3.62 £ 0.16%* 5.52 £ 0.12*

Rats fed a low calcium, vitamin D-deficient diet for 6 weeks divided into 4 groups of 5 rats. They
received the first dose of 125 ng of (23S,25R)-1a,25-(0H)2D3-26,23-lactone dissolved in 0.2%

Triton X-100 solution or vehicle only. Twelve hours later, they received a second dose of 125 ng of
10,25-(OH)2D3 or vehicle only. Twelve hours after the second dose, the animals were killed and
intestinal calcium transport activity and serum calcium concentration were measured. The data expressed
as the mean + SEM. Significantly different from control: * P < 0.01 and ** P < 0.001.

Fig. 101278 L 72 10,25-(OH)2D3 % 5 (23S,25R)-10t,25-(OH)2D3-26,23-lactone ~ D% 3 @2 &



g s moPTla,25-(OH)2D3 %> 5 (23S,25R)-10,25-(OH)2D3-26,23-lactol £ Tix. £TFHw
LYY I VDEERAERTA, (23S,25R)-101,25-(OH)2D3-26,23-lactone iR s h THDT7 ~
FEY I Y DIMERERB L 72o #> T\ (235,25R)-10,25-(OH)2D3-26,23-lactone it . AHPIH IV €

YTH510,25-(OH2D3DER 2 HFIT 280 THES I VDMUEB TH A T EHFHL M % o 72,

% VI E (23S,25R)-10,25-(0H)2D3-26,23-lactone D B L 12 % A VEH

HBVE TR #£12(23S,25R)-10,25-(0OH)2D3-26,23-1actoneix, BB EIER £ /2 12 BRI
HEAZEEL TV 2 RBESRREN0T, BFEEL RS EFMERSL L FERIN%E R 58 F
3 5(23S,25R)-10,25-(OH)2D3-26,23-lactone D EH £ #&3T L 720

1. BEMRICHT 1R
BAKILEEZET 577 AFEFHERMC3T3-Eldfla % AT, Milggfbea -5 Elicd$ 2
10,25-(OH)2D3-26,23-lactoneD EA %2 MRt L7z MBSO ETHE2 7NV AV S AT 75— £
(Al-P)E# x5 1a,25-(OH)2D3-26,23-1actone o I ¥ % Fig, 141" L 72,6 CHFZT
10,25-(OH)2D3 ;i » 10pg/ml ® BE CAIPERHZ &EKICT 52014 L. (235,25R)-
10,25-(OH)2D3-26,23-lactoneit. 80pg/ml & 10,000pg/mln i< & Dt % LS 43 koY —
2% L7%e 1la,25-(OH)2D3iC & 5 Al-PiEtEo L& i3, BFMARAKFET 510,25-(OH)2D3) + 7
S— %M LTRASNDZIEFHON TV D, EFMBEAICHLET 510,25-(OH)2D3Y £ 74 — i< 3¢
¥ % (23S,25R)- 1oc,25-(OH)2D3-26,23-lactone@%%ﬁ%ﬂ iz,  10,25-(OH)2D370#51/805T % -
2o - T. 10,000pg/ml #»(23S,25R)-10,25-(OH)2D3-26,23-lactone T £ H ¥ 5 Al-PIEH i,
10,25-(OH)2D3Y £ 74 — %/ LTRBALE EZE 260 5, L L80pymlni ETHER ORE I
10,,25-(OH)2D3Y £ 74 — % A3 5 EA L iz 2 # { . (235,25R)-1x,25-(OH)2D3-26,23-lactone i
KEBOHZ VL Ty — DELETITERESDS, SO LI BEMBETAIPERE LR E€E/ VR
Yy ERRFIFRAY Y VEETTOAIPERI T28IMEA 0HES L A 70 FRLVEYY £
T — DkIVEVEEEEWME 5 S <L-1-tosylamide-2-phenylethyl chloromethyl ketone(TPCK) ¢

AlPEMSE=L I HEHII N E»o b FRIE N,



200

150

1aa

Alkaline phosphatase activity (% of control)

o 1 10 102 103 10
Vitamin D3 Metabolites ( pg/ml)

Figure 14. Effeqts of 10,25-(OH)2D3 and four diastereoisomers of 1a,25-(OH)2D3-26,23 -
lactone on alkaline phosphatase activity in osteoblastic MC3T3-E1 cells. The cells (2.5 x 10%)
were plated in a 35 mm plastic dishes containing 2 ml of o-MEM medium supplemented with
0.1% BSA. For experiments, the medium was supplemented with 1,25-(OH)2D3 or its
metabolites in various concentrations. After 4 days of culture, alkaline phosphatase activity was
assayed. Values are mean +SEM for four dishes. 1x,25-(OH)2D3 ( @); (235,255)-1¢,25-
(OH)2D3-26,23-lactone ( O ); (23R,25R)- 1¢,25-(OH)2D3-26,23-1actone ( O ); (23S,25R)-
10,,25-(OH)2D3-26,23-lactone ( B ) and (23R,25S)-10,25-(OH)2D3-26,23-lactone ( 4 ).

(23R,25S)-1a,25-(OH)2D3-26,23-lactone b . (238,25R)-1c,25-(0H)2D3-26,23-lactone & [
CAIPE®R Y LA S €3 KOV — 2 %R LA, L»LEQR3S25S)-8LT
(23R 25R)-10,25-(OH)2D3-26,23-lactonets 100§g/m1:s & U°1,000pg/mlo i fE T AI-PIES: % & K
KT AE—~¥Y—2s%52, 10,25-(OH2D3 Y £ 75— %N L THEABHL TR LELON

a5 —4 YA T 5(23S,25R)-10,25-(OH)2D3-26,23-lactone® {E i % #iat L 7= 4552 % Table 8

KR Lo 297 VA L1o,25-(OH)2D3 & fEA Lz w2, (23S,25R)-10,25-(OH) 2 D3 -

Table 8
Effects of (238,25R)-1¢,25-(OH)2D3-26,23-lactone or 10,,25-(0OH)2D3 on collagen and non-collagen

protein synthesis in osteoblastic clone MC3T3-E1 cells.
MC3T3-E1 cells were treated for 24 hours and were labeled with 10 pCi of L-[3,4-*H]proline for the

last 3 hours. Values are mean -t SEM for four dishes.

Treatment Concentration Collagen  Non-collagen protein
(pg/ml) (dpm x 10/dish) (dpm x 10%/dish)

2.33 £ 0.05 6.00 £ 0.50

Control

1a,25-(OH)2D3 10 233 £0.13 6.13 £0.53
(23S,25R)-10,25-(OH)2D3-26,23-lactone 80 4,05 £ 0.13* 8.15 £ 0.60
(23S,25R)-1a,25-(OH)2D3-26,23-lactone 10000 2.15 £ 0.19 4.88 £ 0.18

*, Significantly different from control ( p <0.01).
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Table 9
Effect of (23S,25R)-10,25-(OH)2D3-26,23-lactone on *>Ca release

from prelabeled mouse calvaria in 96-ﬁour cultures.

Treatment No.. inhibition
of pairs Ratio
1a ,25(0OH)Ds- 1a ,25(0H):Ds
26,23-lactone (pg/mil) (pg/ml)
200 none 4 099 + 0.08
2000 none 5 0.95 + 0.09
20000 none 6 0.87 + 0.06Y
none 20. 8 1.22 + 0.07®
20 20 8 1.16 + o.osa:lu 4
200 20 7 1.02 + 0.05
2000 20 8 0.97 + 0.09
none 200 8 1.47 + 0.12P
200 200 1 131 + o.o7b]**
2000 200 8 0.99 + 0.06 =
1a ,25(0H):Ds- PTH
26,23-lactone {pg/mi) (eg/mi)
none 0.32 1 152 + 0.14b
200 0.32 10 1.57 + 0.09P
2000 ' 0.32 7 1.62 + 0.18P
20000 0.32 8 1.61 + 0.16P
none 0.032 18 1.28 + 0.092
200 0.032" 17 1.13 + 0.04
2000 0.032 19 1.16 + 0.0 |
20000 0.032 21 1.02 + 0.05

Ratio significantly different from 1.0: a, P<0.05; b, p<0.01
Significant difference between the control and 1,25(0H):Ds-
26,23-lactone- added group; *p<0.05 and **P<0.01
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EE, WHEARIENRER POFRR -~ /7077~ V%08 (GM-CFU)» 54 0ETF O M
STHBEEND I EFPOPIENTE e AKNGRE>THES ATy A EHARE L T
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MR L7 (Fig. 15). (235,25S)- # & U (23R,25R)-1a,25-(OH)2D3-26,23-lactone %
10°M-10"MT i#t B4R 8 1S BB MBI O TEBU R 4R L 72 4%, (235,25R)- 8 & U°(23R,255)-10.,25-

(OH)2D3-26,23-lactone i+ 10'7M(44.4ng/m1)‘(‘ b BMEMROBERR s e h o 2 (Fig. 15).
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Figure 15. Dose response of multinucleated cell formation in cultures treated with various
concentrations of 10,25-(OH)2D3 or four diastereoisomers of 1a,25-(OH)2D3-26,23-lactone.
Mouse bone marrow mononuclear cells were cultured (10° cells/ml; Iml/culture) in a-MEM
medium containing 5% fetal bovine serum in the presence or absence of the various compounds,
as indicated. The medium containing the hormones was changed every 3 days. After 8 days
cells containing 3 or more nuclei per cell were counted at x 100 magnification as multinucleated
cells (10 fields along the diameter of the culture plate). Control ( O ); 1a,25-(OH)2D3 ( @ );
(235,255)-1a,25-(OH)2D3-26,23-lactone ( A ); (23R,25R)-1c1,25-(OH)2D3-26,23-lactone
( A); (23S,25R)-10,25-(OH)2D3-26,23-lactone ( <) and (23R,258)-10,25-(0H)2D3-26,23-
lactone (4 ). Results are presented as the mean =SEM for quadruplicate determinations in two
independent determinations. *, p <0.05; **, p <0.01; *** p <0.001 (vs. control).
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Figure 16. Effects of four diastereoisomers of 1c,25-(OH)2D3-26,23-lactone on multinucleated
cell formation induced by 1¢,25-(OH)2D3 in mouse bone marrow cell cultures. Mouse bone
marrow mononuclear cells were cultured with 10 M (A) or 10 M (B) 1a,25-(OH)2D3 in the
absence ( O ) or presence (4, A,<, and ¢) of 10® Mor 107 M of each of the four
diastereoisomers of 10,25- (OH)2D3 26,23-lactone for 8 days.
(23S,2SS)-1oc,25-(OH)2D3-26,23-1actone ( A); (23R,25R)-10,25-(OH)2D3-26,23-lactone
( A); (238,25R)-1a,25-(OH)2D3-26,23-lactone ( ¢ ) and (23R,255)-1,25-(OH)2D3-26,23-
lactone ( @ ). Results are presented as the mean +£SEM for quadruplicate determination in two
independent determinations. *,p <0. 05 ** p <0.01; ***,p <0.001
(vs.10,,25-(OH)2D3 alone).

b B SikRE h OGM-CFU % & OB E M B8R I 3 5 (23S,25R)-10,25-(OH)2D3-26,23-
lactone DFEA % <720 10°MD 101,25-(OH)2D3DFFAET Tid. SROKE b » BB ERES A
BREE N, Zhi210™M - 10"M?(238,25R)-10,25-(0OH)2D3-26,23-lactone % i X 2 & BB AHRIHE
SRR O S EH s 0z (Fig. 17)o BiZ, D &) KBRS NHE BRSSO+ THE M

Bicktd s, 7 a—FHE23C6 L T Al v vy — Ve TR 1



(235,25R)-10,25-(OH)2D3-26,23-lactone it . # BRI IS BN DI % R A HE+ 5 &
Libhde ¥51210°Mn10,25-(OH)2D31C & - TIRHE % 7= R BRIRRE S AR O IC BV Tid,
10"°M- 10"M(23S,25R)-10t,25-(OH)2D3-26,23-lactone 2l BEBAEEY 2 0% L & SIIES IV 720
#- T, (238,25R)-10t,25-(OH)2D3-26,23-lactone = & % BURIUIGIVER 12, (23S,25R)-
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Figure 17. Effect of (23S,25R)-1a,25-(OH)2D3-26,23-lactone on multinucleated cell
formation induced by 10.,25-(OH)2D3 in human bone marrow mononuclear cell cultures.
Human bone marrow mononuclear cells (105 cells/well) were cultured in «¢-MEM medium
containing 20% horse serum in the presence of 10°3M of 10,25-(OH)2D3 and various
concentrations of (23S,25R)-1a,25-(0H)2D3-26,23-lactone. The medium containin g the
hormones was changed twice per week by replacing half the medium. After 3 weeks,
the cells were fixed with 2% paraformaldehyde and were stained with osteoclast monoclonal
antibody 23C6. Cells containing three or more nuclei were counted as multinucleated cells.
Results are presented as the mean + SD for quadruplicate determinations. *, p <0.01
(vs. media alone); **, p <0.01 (vs. 108 M 1a,25-(OH)2D3)
[, total multinucleated cells; wmm | 23C6 positive multinucleated cells.



% VI E (23S,25R)-10,25-(0H)2D3-26,23-lactone D ‘& T BARHEVE FH
#HVIET, (23S5,25R)-10,25-(OH)2D3-26,23-lactoneit. B3FHMMIC /M L TEEMM DML %

RETHELEDNBEEBER T TH2A57 -V VARBLUARTAANY Y BBRERETHILIRE-T
BRBIREER L BET 52 L. ¥ AWEMIRICERER L T2 OREYINT 5 2 L, Bic, BEAK
BN D SR B IR OB Y BT 52 10k o TERIUIHIEE % B+ 2 2 L 206 512 L 72

BFMES & CHE ST RS n7:(238,25R)-10,25-(OH)2D3-26,23-lactone DB AR E e 5
L UCERIEISER BT L RO h L) pRE L,

1. BEFEERFEAHVW-ERMEETERERR

Dunno> B A L b i L, SRS L THR LA BRASHERTEARL Y b i v AOWH
BETCBHT AL, 2 CRAMOBEEIRRENLILSMMONTYE, ZORFHERRER
FEHW r(zzs,zst-1a,zs-(OH)zm-zs,23-1actonea>%fzw'ﬁm FRE L7 6GESOBddy~< Y A
DERHET I EFERTEEAL v 2B L. (235,25R)-10,25-(OH)2D3-26,23-lactone % 0, 45
BLU225 pmol/= v X/ HTEBBERARS L, BHEJAMBICHFEETLEMNL, EEZ2MEL, &
XM ETHEFOTMERAL 2 T, BRESHOBEL L THEE~0[H] 70V > O b 2a
%, BEREOHEEL LTHEE~0 SIOM ) AR BT HEL 0
(23S,25R)-10:,25-(OH)2D3-26,23-lactone ¥ 5 CMIEF D A )V ¥ 7 AR5 BB L:;ti:'*‘ THEI
BTL, #CmEP) YREIFETR2VWILAER TH o 2, KEB L URPcyclicAMP/2 V7 7

=R BB R sk 2o (Table 10),
" Table 10

Comparison of body weight, plasma Ca and P, and urinary cAMP/Cr between control group
and animals receiving (23S,25R)-1a,25-(OH)2D3-26,23-1actone.

Control (23S,25R)-10,,25-(0OH)2D3-26,23-lactone
Vehicle only 45pmolesfhead  225pmoles/head

Body weight (g : n=6) 314 £ 0.5 304 £ 0.7 31.1 £ 04
Plasma Ca (mg/d! : n=6) 9.0t 02 8.6 £ 0.2 83 £ 0.2*
Plasma P (mg/d! : n=6) 85+24 9.1 %02 91 %02
Urinary cAMP/Cr (amol/mg Cr) 559 £ 2.8 559 29 52128
(n=26) (n=26) (n=24)

Data are presented as the mean X SEM. Plasma Ca, P and urinary cAMP/Cr ratio were
measured in controls and animals receiving 45 pmoles or 225 pmoles of (23S,25R)-
10,25-(OH)2D3-26,23-1actone. * P < 0.02 vs control.



EEBATEE A CHFETOmMBEL WET 5. (235,25R)-1a,25-(OH)2D3-26,23-lactone
225pmol 5 TH BEOK 145 1k 0. BEEOEET LI A L7:(Table 11), %7z, B
BBATHh2a5 -4 v AROBEL LT(HI 79 ) OB ) R4 B L CBRRKILOEEL LT S0
B Y 3R&id, (23S,25R)-10,25-(OH)2D3-26,23-lactone D55 TA BICHM L 72,

(23S,25R)-10,25-(OH)2D3-26,23-lactone % 5 CHK S L 7= FEBF O MBZHREICB WV T,
(238,25R)-101,25-(OH)2D3-26,23-lactone 225 pmol#k 5-B T zm:mtﬁo%%ma PERE@MICE
DONEHEEIT 2o Twa 2, MM ERERELENR L, RESKOBEENEML T, ThIC
U, ES L CMFP VST ABRESELL %12 pmold1a,25-(OH)2D3n# 5T i, HES0

Table 11

Comparison of parameters of induced bone between control group and animals receiving
(23S,25R)-10,25-(0OH)2D3-26,23-lactone.

Control (23S,25R)-1a,25-(OH)2D3-26,23-lactone
Vehicleonly 45 pmoles/head 225 pmoles/head

Area (mm2 : n=8) 242+ 13 270t 21 34.8 £ 2.0%*

Weight (mg : n=8) 33.6 £ 3.7 404 £ 3.7 61.4  4.0**

- [*H]Proline uptake (dpm) 610 £ 85 1,070 £ 155*
: (n=5) (@=T)

85Sr uptake (cpm) 4,070 £ 290 5,140 =390 5,580 % 380*
(n=6) (n=6) (n=7)

Data are presented as the mean + SEM. Implants recovered from animals were weighed
and photographed. The area of induced tissue on the film was measured.
*: P < 0.05, higher than control. **; P < 0.001, higher than control.

ERBLTCERSS TR SrOM YRS b HMEF, & LOBOBEAICH o 120 SNH DRI,
(23S,25R)-10,,25-(OH)2D3-26,23-lactoneid, 10,,25-(OH)2D3 & B% b BH BARK & BERILE
TAHAIELWRLNEREREFERLBRALTCVAILERL TN A,
2. RERMIBHEBETET VT v NERR

T-8ZRMDVARS —RET v MCHHUIEBERS L CELERHRIRL BT L. EEfEc12H
HATT 5L, BABRERG LIRS ERBLIEMRTEEOASBL LBHBIEE LS v FERT
& %o XTI THRHMRS L UHLEREDRA T L. FHEH» o EBEOMNIC12EM(23S,25R)-
1a,25-(OH)2D3-26,23-lactone % 1 pg/kg(L12), 5 ug/kg(L5EE), 25 ug/kg(L25%),10.,25-(OH)2D3

20.02 pg/kg(DB) & U9(238,25R)-10,,25-(OH)2D3-26,23-lactone 5 pg/kg & 10,,25-(OH)2D3 %



0.02 ug/kg(LDB) %8G Lo BHBER(OPE)S & B FMEBEIR)ICREEOA 2 HE L7,
(23S,25R)-1a,25-(OH)2D3-26,23-lactone ¥ #x5- L 7:L1# 8 & LSECit, MEP ANV 7 ABREH
OPRICxf L THEIIET L. 1,25-(OH)2D3% 5 L /- DB TIROPBHIC A RICEHA L /o M
Al-PiEM:, OPE CERHWIE ICHRERIC LA L 22%, (235,25R)-10,25-(OH)2D3-26,23-
lactone 2 %5 LzLIBECOARIR L AR ES TET L. MEPPTHIREIX(23S,25R)-10,25-(OH)2
D3-26,23-lactone$ & U 10,,25-(OH)2D3# 5 1< & W ETHm IC, ¥ 2MiF P+ X7 4 A2V ¥ (BGP)
BERHEIMERCS >z, KBEOEBERR, OPECIRICERFELCLBI L, & mﬁz/)";i
(235,25R)-10,25-(OH)2D3-26,23-lactone & 5 LT S Bilk T & % b5 7247, 10,25-(OH)2D30 %5
DEBLUVHAKZSIDETCREEREROBRAL AL 2o RBEPFORSEENOEIL S, BREBEER
DEALE £ o7 AT H o 720 BHMIE, LSS & UL2SBTRAERIS ), DRTHRCRS LA
., IDBETRIEE CEHEL 2. REH ) o BEE . (235,25R)-10,25-(0OH)2D3-26,23- lactone
DESBCEFELTHI L, 1025-OH2D3 O RS THZERBRLS L. T 6 0HRR
(23S,25R)-100,25-(OH)2D3-26,23-lactoneD x5 ENEM o 1T, $7:10,25-(OH2D3n#E 52 & -
TaryNy b eBPEEENTVEILERRLTE, 35— VyEOEEC L e FaxryTuy rg
3. OPERIBICHEAEEICHL L 22, (235,25R)-10,25-(OH)2D3-26,23-lactone 8 & U

10,25-(OH)2D3#% 5-ic & - COPHE & W FE i #m L 7=(Fig. 18).
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Figure 18. Effects of 1,25-(OH)2D3 and (235,25R)-10.,25-(0OH)2D3-26,23-1actone
on hydroxyproline content in femur in 0steoporotic rats.



BEREELHAVEEREEH0#E R %2Fig. 19 KR L 4. (235,25R)-1,25-(OH)2D3-26,23-
lactone® #:5- L :L18¢ 5 & ULSH TRFERE#OPR B L VIR LAFE IR FER OB A
RESINTHBI EFRENLY, BR AN Y bEEFHENT 5 (23S,25R)-10,25-(OH)2D3-26,
23-lactoneL25%. 10,25-(OH)2D30DEE S & U2 Dbt AR S LD TI2OPBE & ¥ o - FETH A&
B ORI R0 61k 2o 7z(Fig. 19A) BRKAKRHICUET AHESHLT A2 ) V2RSS
LT, BAKICEA X ERLLZEE 7 VI ¥4 2 ViERRA(FARIKEER) $(235,25R)-10,25-
(OH)2 D3-26,23-lactone % #5- L 7=, L1#¥ 8 XULSBETHECHML TS, 20EGEERT O
gler L <HBLTWAEFE 19B). L»L., L25,D 8L ULDEE Tk, BRKMER S o4 #m
L% 5o 7=(Fig. 19B).
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Fp< 0.05+ £<0.05
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Figure 19. Effects of 10,25-(OH)2D3 and (23S,25R)-1a,25-(OH)2D3-26,23-1actone
on bone histomorphometric parameters in osteoporotic rats.
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LERP S, BEBRERELZZETH L,

%= VI = ANy AR E L

L ¥ (238,25R)-10.,25-(0H)2D3-26,23-lactone i
WM Ay T ARER, €5 3YD, BRRRAVEY PTHS LAY b2y o
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i, ANV ARBEREBICERBBAECRET 2 LARKKCES I Y DRERFIZD O 12D, &
NoREBFCREREE Y I Y DIFERGERS KL 2BRFT b TS,

FAOBEERE L f:(23S,25R)—1a,25—(OH)2D3;26,23-lactone i, BHECs I vD3oERBWTH
D, ATy AMUBLRET 5 LARICERBABERLIRBATLOT, HLDA Ny MUHRER
ZoMiEP(23S,25R)-10,25-(OH)2D3-26,23-lactone i % B2 LHRB & DBIE L BE L 72,
(23S,25R)-1a,25-(OH)2D3-26,23-lactoneid. 10,25-(OH)2D3% %5 L -8 Tk ERBW &L L <Ml
HhooBETX IN(BNESR), SENREBT COEFCFEL TUEREIPRHTH o2, £
<, E¥ve I\Hn?%60ml7b‘f‘o ¥ # 3 Dit# % chloroform:methanol(1: 1) L, %@Hﬁtﬂ%f)*f‘o |
Scphadex LH-20 column chromatography # & U*Zorbax Sil column % i v» 72HPLC ©(23S,25R)-
10,25-(0OH)2D3-26,23-lactoneEi5 % 5 HEAE 8L L 72, (23S,25R)-10,25-(0H)2D3-26,23-lactoneld
- trimethyl sylil{ tfi'?% ARZ MVERS L BATFHEIRIC 660, 570, 529 B & U480 »fragment ion A%
BiEiT&k, Z£IT, E¥e b miFEd»o08HES L2(23S,25R)-1a,25-(OH)2D3-26,23-1actone
53 % trimethyl sylift#%, mass fragmentgraphy % Ht % & 660, 570, 52985 & (F4800fragment ionA* %
#(238,25R)-10,25-(OH)2D3-26,23-lactone & [ U l# TR i & #L 72 (Fig. 20)o % 7=, BRI S 1 /e
(23S,25R)-1x,25-(0OH)2D3-26,23-1actone ®mass fragment ion ? ¥ — 7 2 & MIFHRE 1X#100
pg/mITERE L #R T & f:; - TS5 mlofiE<¢(23S,25R)- 1a,25-(OH)2D3-26,23-1actonei;%)E YHET
%ICH, 5-10pg/tube TR T E 2 EBREBET 2LENDH S Z e FT oz, £ T, Fidcalcitroic
acid2 £ ME7 N7 I YIRS L0 RHE L LT, v+ FIC3AMIC1E T o5E%ZE L Tcalcitroic
acidicxt¥ 25k 2187, o HiER, (23S,25R)-100,25-(0OH)2D3-26,23-lactone D &4 7%z & 3 1af #¢
KBIbEs s I VD3RBB L ILFERT A b scnT, MFEPOELORHEWE
chromatography CHMB BT NIEZTNOLDBELX CELRL LWL PIXL o, ZOFBFEM W
#=radioimmunoassay < & 9 (23S,25R)-10,25-(0H)2D3-26,23-lactone i, 2.5 - 200 pg/tube TE &
WHETH > 72

3-10mlok FEHSHEA DY S 3 DR, Fig. 2LR LAFETHBEH L, BRLE

25-OH-D$ & U'24(R)25-(OH)2D#. M IAFET 5 ¥4 X yDEASERBEE % F\v:/-competitive

protein binding assay <. 1o,25-(OH)2Dit. radioreceptor assay T. (23S,25R)-1a.,25-(OH)2D3-
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Figure 20. Mass-fragmentgraphy of trimethylsylilated 1a,25-(OH)2D3-26,23-lactone
isolated from the serum of healthy adults.
(A) Mass spectrum of authentic trimethylsylilated (23S,25R)-1,25-(OH)2D3-26,23-lactone.
(B) Mass-fragmentgraphy of authentic trimethylsylilated (23S,25R)-1,25-(OH)2D3-
26,23-lactone.
(C) Mass-fragmentgraphy of trimethylsylilated (23S,25R)-1a,25-(OH)2D3-26,23-lactone
isolated from the serum of healthy adults.



Serum (3-10 mi)

Added [26,27-methyl-3H]25-OH-D3
[26,27-methyl-3H]24R,25-(OH)2D3
[26,27-methyl-3H]1,25-(OH)203
(26,27-methyl-3H]10,24R, 25-(OH)303
[1-3H](23S,25R)-10,25-(OH)2D3-26,23-lactone

Extracted with chloroform : methanol (1:1)

Chloroform Phase
Sephadex LH-20 Column Chromatograph 1.2 x10 cm

Eluted with n-hexane : chioroform : methanol (9:1:1)

25-OH-D 24R,25-(OH)2D 10,24R,25-(OH)D
(8-17ml) 10,25-(OH)2D 10,25-(OH)2D3-26,23-lactone
(19-60mi) (61-160ml)
HPLC HPLC HPLC
5% IPA in n-hexane 2.5% CH3OH in CHzCl2 3.5% CH3OH in CH2Cl2
. 12% IPA in n-hexane 16% IPA in n-hexane
[ | | |

25-OH-D 24R,25-(OH)2D  1¢,25-(OH)2D  1c,24R,25-(OH)3D 10&,25-('25*)2%—26,23-
one

Figure 21. Isolation and purification procedures of vitamin D metabolites in serum.

Table 12i2id, EFABLUVEAD ANV AUHRERBEZ OMFEF S I Y DRAYBREE &
BLAHRLEN L, EEFHICH LERERLE TR, £RCMFEFES I Y DRBWREET 5
Bichote Ll MBREEBESE CRETOLS I ¥ DREWIRE MET L Tu 222, 510
24R,25-(OH)2D3 & U7(23S,25R)-10,25-(OH)2D3-26,23-lactonetd, EMEFE LD DIRE £
TETLTWA, 0L 2BREEMBERE % lug/dayn 1a-OH-D3 T E#T 5 &, E#k#KE24
REZCEELAETOEY I VDREYBRER, ZREFREOMEPREST CEAAL., 12, BHE
PLEALERBREOUEGRD O N TN HDOHRD O, BHEBE T 5 10-OH-D30 FRA) 2
BHO— i1 1a-OH-D3 4 & R & 1.7:(23S,25R)-1a,25-(OH)2D3-26,23-lactone NEF5- 2 E X 5
N, ¥, BREBESETLES I VDOERBRICEEL AL LTV 2BEBT28E ], €5 3
VDRZRETEANVY Y AMFEXR L. T/ BRIERHEL TV 2, SHODBFTRERELE S
IVDIHENESE R LERBFREIGE S ND, BE, ROEEHERTHERBAIEEE T, RER
DEZITBWTRIEE A, 24R,25-(OH)2D; 1@,25-(OH)2D B ; Ut (23S,25R)-1,25-(OH)2

D3-26,23-lactonei® & 12, B ICIE T L Tw 528, MBEEHREZTIR, 25110,25-(OH2DB & U”°



(23S,25R)-1,25-(OH)2D3-26,23-lactonei#E A5 T L. BHILESHEIT L TV 3, SRODEESL,
0.5 - 1pg/day »1a-OH-D3 T # 3 % & 1a,25-(OH)2D # & ¥ (23S,25R)-10t,25-(OH)2D3- 26,23

-lactone D MiEHREN LA L. BBV b &S h/=(Table 12),

Table 12
Serum concentrations of vitamin D metabolites in normal, osteoporosis, osteoporosis administered 10-OH-D3 and
renal failure.
Patients n  Age Sex 25-OH-D 24R?25-(OH)2D 10,25-(OH)2D  10.,25-(OH)2D3-26,23-lactone
ng/ml ng/ml pg/ml pg/ml
Normal men 11 25-40 M 277159 253+ 041 56.1 + 12.9 1313 + 55.5
Aged healthy women 15 60-80 F 185+ 34 161+ 046 468 £ 5.8 66.6 + 9.6
Postmenopausal osteoporosis 23 60-88 F 122+ 4.0 073 £ 045 31.1 £ 104 36.6 £ 16.1
Postmenopausal osteoporosis
+ 1 pg/day 1a-OH-D3 17 60-85 F 165+ 40 127+0.42 4717+ 9.6 59.5  10.1
Renal failure
Hemo-dialysis 6 38-45 p 185+57 029%0.17 12.6 £ 3.5 19.9 + 3.6
Hemo-dialysis + 10-OH-D3 6 40-45 g 179+ 74 024 % 0.07 29.7 £ 125 29.8 + 9.6
Renal failure no-dialysis 4 38.44 p 146+33 0361015 18.9 £ 27 - 28.7 %47

BAN 7 b MFELE ) BHRIGEDEREI I, EHEY & I VDS R L R+ 45, (IZESL M
WRANY D LA BELRTEHBRECEBRI BV TERE €y 3 v D353, BRL it LigRnki
LPRE LW EPLERILE S I VD3RG OEEER 2O H,. 20T H 5(23S,25R)-1a,25-

(OH)2D3-26,23-lactone i & 5 B TH 5 D 4% DIFREETH 5,

Shse
ok
p=11{3
a

# IX E

CORILTIE, €4 I YDIDERICOBR LIEUIC Sy I Y D3SE4EN 2 DEBRER % RIH% .
AN TR EHE L, 4EOHERBY L BERAE T2 AR IR RBYObIcE &
SVD3EHERLLEDS, TYFESI VDER A AT ARBY R BV AE LS & KOV TR,
BT, ROMETHRONIKELEHT 5, |
(1) 25-OH-D30#BAHY & LT, 248,25-(OH)2D3, 25S,26-(0H)2D3, 25R,26-(OH)2D3,

238,25R,26-(OH)3D3, (23S,25R)-25-OH-D3-26,23-1actone, (23S,25R)-25-OH-D3-26,
23-peroxylactone, (52)- B £ U(SE)-19-nor-10-0x0-25-OH-D3, (5Z)- $ & U°(5E)-19-nor-10-

0x0-24R,25-(OH)2D3 % BRI E L 720
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(23S,25R)-25-OH-D3-26,23-peroxylactone s, -20°C LA ECHBERISHIZ. (23S,25R)-
25-OH-D3-26,23-lactoneic & L 72,
25-OH-D3 » % (23S,25R)-25-OH-D3-26,23-lactonc'\mﬁ%‘%%Gi\ 2EBTET b0
25-OH-D3 #5238,25-(0OH)2D3 ¥ 721325R,26-(OH)2D3 il & v, & 5 1223S,25R,26-
(OH)3D3 % * — sk & L T(23S,25R)-25-0OH-D3-26,23-lactol % #%Hi L T(23S,25R)-
25-OH-D3-26,23-lactone &= N %,
(23S,25R)-25-0OH-D3-26,23-lactone & U* (23S,25R)-25-OH-D3-26,23-peroxylactone i |
BRIEHER 2 RTAOTHES I YDIRHWTH 5,
1ct,25-(OH)2D3D FHHAA Y & L Tla,25-(0OH)2-24-0x0-D3, ia,24(S)25-(OH)$D3, 1a,25
(R)26-(OH)3D3, (23S,25R)-1,25-(0OH)2D3-26,23-1actol B & U7(235,25R)-1a,25-(OH)2
D3-26,23-lactone % HEERFZE L 72
loafrAm s i =584 & L Tlo,24R-(OH)2D3 % BEtEE L 72,
10,25-(0H)2D3 % & (23S,25R)-10,25-(OH)2 D3-26,23-lactone ~DUH#ER ¢, 2EBFET
%, 10,25-(OH)2D31312,238,25-(OH)3D3 % 7-it10,25 R,26-(OH)3D3 iR s, 2612
10,,23S,25R,26-(OH)4D3% * — ik & L T(23S,25R)-10t,25-(OH)2D3-26,23-1actol % #XH
L T(23S,25R)-10,25-(0OH)2D3-26,23-lactone 2 & L % o
(238,25R)-1(x,25-(OH)2D3-26,23-lactone . BIRTHBRIEIRIEREREAL. 4,
10,,25-(OH)2 D31 & 5 BRIUENE % HIHIT 2, 20 &3 CE#10,25-(OH)D3 DB %
MET 5 €4 3 vDULEYIZ(23S,25R)-10,25-(0OH)2D3-26,23-lactone #*HZA D b N TH %o
(23S,25R)-101,25-(OH)2D3-26,23-lactone ¥, 1a,25-(OH)2 D3 & &% Y BH4ika @ﬁﬂ bx{E

EL, 37 BRENEERSTHHITF—F v OEREREL. TOHRE L TEHBREEA
YRET 5.

(10) (23S,25R)-101,25-(OH)2D3-26,23-lactone s, AEEAGKEB T T 5 #100 pg/ml ¥ THIEL

ANy MUBREERTH HENERLESE L UBHERERZE TR, mEFP23S,25R)-
10.,25-(OH)2D3-26,23-lactone 2 M BT LTV 5, EHEES I YDIBEHRTHN Y T A

RHRES L CBRBFRESUET » BE T}, MIFF(23S,25R)-10,25-(0OH)2D3-26,23-



lactone REDF LA L TR L sy, TnOoMRBREEEXEMEHAD—EI2(23S,25R)-10,25-

(OH)2D3-26,23-lactone 8% 5- L T\ B g ATRIB S L /=,

(235,25R)-10,25-(OH)2D3-26,23-lactoneic 2 T, FAASHEH L= FFFe B ik, SF st
4 EOVHERBEDIFEL) 525, KRR —BLIHEELLEWT &, T/, EWESR 4 BTHRRES
FEHETHEEICR 2o TB ), KRR (235,25R)-10,25-(0OH)2D3-26,23-lactone 257 » + ¥ ¥ I »Dif
EHEERBI L. T42bb, (235,25R)-10,25-(OH)2D3-26,23-lactone iz R R IV E ¥ TH 3
10,25-(OH)2D3 D 71 v & 7 AUEHMEEEVEA % negative feedback M EFDIEBEXTH L. T 72, B H
BT, BIFMRLICHE L OB IBARE AR % RBT 5 & MR B ICER L TBRIUSIVEA
ERTILRE-oC, BFEMIMEA LRI HR2REY TH 5, 2OEBIERARI K, (235,25R)~ -
10t,25-(OH)2D3-26,23-lactonefF £V £ 75 — ¥ AL T AT ML S, AL Aﬁ%‘?ﬁﬁﬁzﬁ Jl/v
EVD—D2 L LTSHDOMEREFYPFEND, |
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