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In Vivo Metabolism of the Vitamin D Analog,
22-Oxacalcitriol: Evidence for Side-chain
Truncation and 17-Hydroxylation
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After intravenous administration of the vitamin D; analog, 22-oxacalcitriol (OCT), to normal rats
plasma metabolites were investigated by HPLC, GC-MS and LC-MS. Five side-chain oxidation
metabolites, 24R(OH)OCT, 24S(OH)OCT, (25R)-26(OH)OCT, (258)-26(OH)OCT and 240x00CT,
were identified by comparison with the corresponding synthetic compounds. These side-chain oxi-
dation metabolites were similar to those of calcitriol [1a,25(OH), vitamin D;] described previously.
Besides these five metabolites, two unique side-chain cleavage metabolites, 20S(OH)-hexanor-OCT
and 17,205(OH),-hexanor-OCT, were identified as main metabolites in plasma by GC-MS and LC-
MS using a specific chemical reaction. Our studies suggest that OCT is extensively metabolized and
circulates in blood as a number of metabolites as well as unchanged OCT. This metabolism includes
both unique pathways of C,3-0,; cleavage and 17-hydroxylation, in addition to the side-chain oxi-
dation metabolites similar to those of 1a,25-(OH),D;. © 1998 Elsevier Science Ltd. All rights
reserved.

F. Steroid Biochem. Molec. Biol., Vol. 66, No. 5-6, pp. 281-293, 1998

INTRODUCTION cell line and three vitamin D-target cell lines (one rat

. . . . osteosarcoma cell line and two human keratinocyte
Since 1a,25-d‘1hydroxy'§/1tamm' 1.)3 .[1’25-(.OH)2D3] cell lines [13]). It has been shown that OCT is metab-
was shown to induce differentiation in myloid leuke-

. . . . . . olized to side-chain oxidation metabolites (SCOM:s)
mia cells in addition to its regulation of calcium and

A and side-chain cleavage metabolites (SCCMs) in
phosphorus r.netabo'hsm[l],'a number Oij analogs have these cell cultures. The SCOMs show similar meta-
been synthesized with the aim of separatm.g the differ- bolic patterns to 1,25-(OH),Ds, while the SCCMs
entiating-inducing activity and the potential hypercal- . que structures derived from the original
cemic action [2-6]. 22-Oxacalcitriol [OCT] was an

3 ' structure of OCT. Metabolic studies in cell culture
early analog developed for this purpose [7). OCT is 1 5dels have provided good evidence for a preliminary
more potent than 1,25-(OH),Dj; in inducing differen-

evaluation of the metabolism of 1,25-(OH),D; or its
tiation and suppressing the proliferation of human

) analogues. However, it is difficult to extrapolate to in
and mouse myeloid leukemia cells [8,9], but is much 450 metabolism using this information alone, because

less effective in mobilizing calcium from bone and in  some cell cultures exhibit different metabolite and
stimulating intestinal calcium transport in vitamin D-  metabolic ability. Moreover, there is little information
deficient and normal rats [7, 10, 11]. The mechanisms on the tissues and enzymes involved in the metab-
which are responsible for these differences in biologi- olism of an analogue such as OCT. Also, little is
cal activity remain unclear, but factors such as metab-  known about the i vive metabolism of OCT, except
olism and cellular uptake could play a role. that it appears to be excreted in the bile as a glucuro-
Metabolic studies on OCT have been described nide conjugate of a derivative of a truncated version
mainly using a variety of cultured cell lines, including of OCT [14, 15].
a bovine parathyroid cell line [12], a human hepatoma We have investigated the metabolites in plasma
after administration of OCT to rats in order to clarify
*Correspondence to M. Ishigai. the n vivo metabolism and examine differencef in the
Received 21 Nov. 1997; accepted 17 Mar. 1998. in vivo and in vitro metabolism of OCT. This paper
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reports that OCT is metabolized to the unique
metabolite, 17,205(OH),-hexanor-OCT, as well as
the metabolites identified in cell cultures.

MATERIALS AND METHODS

Reagents and materials

OCT, 20R(OH)-hexanor-OCT, 20S(OH)-hexanor-
OCT, 20-oxo-hexanor-OCT, 24R(OH)OCT,
24S(OH)OCT, (25R)-26(OH)OCT, (255)-
26(OH)OCT and 24-0xoOCT were synthesised in
the Chugai Pharmaceutical Research
Laboratory [7,16,17]. All substances were >99%
pure as determined by HPLC. Tritium (CH) labelled
OCT compounds were also synthesized in the Chugai
Pharmaceutical Research Laboratory (18]. Since two
kinds of radiolabeled OCT were used here, the
labeled positions in [P HJOCT are highlighted as [2-
3H)OCT and [26->H]OCT (Fig. 1). The specific ac-
tivity of [28->H]OCT and [26->H]OCT was 880 kBg/
ug (23.8 uCi/ug) and 6.30 MBqg/ug (170 uCi/ug), re-
spectively. Radiochemical purity was more than 98%
for each. Tween 20 was obtained from Wako Pure
Chemical (Osaka, Japan). Acetonitrile of HPLC
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grade, ethylacetate, isopropanol, hexane, pyridine and
tetrahydrofuran all of analytical grade were purchased
from Junsei Chemical (Tokyo, Japan). BondElut
NH, (1 ml100mg) and BondElut DEA (1 ml
100 mg) cartridges and Sylon BFT Kits (trimethylsi-
lylation reagent) were obtained from Varian (Harber
City, CA) and Supelco (Bellefonte, OH), respectively.
All solvents and reagents used were of the highest
commercial grade available.

Animals

Normal male JcI/SD rats (CLEA Japan, Tokyo,
Japan) were purchased at 6—7 weeks of age. All exper-
iments were carried out at an age of 7-9 weeks.
There was no special pretreatment of rats before drug
administration.

Adwmunistration

Two different solutions for the detection of metab-
olites, [28->H]OCT and [26->H]OCT, were prepared
as saline solutions containing 0.01% Tween 20 at a
concentration of 10 ug/ml (8.80 MBg/ml). Each sol-
ution was administered intravenously to rats at a dose
of 10 ug/kg. Another solution of higher concentration
for the identification or isolation of metabolites was
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Fig. 1. High performance liquid radio chromatographic profile of plasma metabolites 2 h after administration
of PH]OCT to rats. [’HJOCT labelled at two different positions, [28-*H]OCT (upper panel) and [26-*H]OCT
(lower panel), were administered intravenously at the dose of 10 uglkg to rats. Arrows (A to I) indicate the
retention times of synthetic standards in the same system; (A) OCT, (B) pre-OCT, (C) 24-0x00CT, (D)

200x0-hexanor-OCT, (E) 24S(OH)OCT,

(F) 24R(OH)OCT,

(G) 208(OH)-hexanor-OCT, (H) (Q5R)-

26(OH)OCT and (I) (255)-26(OH)OCT. High performance liquid chromatography was carried out under the

following conditions; column: YMC-Pack ODS-A A-313 (6.0 x 250 mm), mobile phase; (A): THF-HO (1:9, v/

v), (B): THF-CH;0H-H,0 (2:1:2, viviv), [(B): 0% (0 min); 75% (20 min); 75% (50 min); 100% (50.1 min)], flow
rate: 1.0 ml/min, detection:radioactivity (CPS).
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prepared in the same manner as described above and
administered at a final dose of 2 or 25 mg/kg.

Collection and preparation of blood samples

All blood samples were collected 2 h after adminis-
tration and taken into centrifugation tubes including
a drop of heparin. They were centrifuged at
3,000 rpm for 10 min and the supernatant samples
were used as plasma. Plasma samples for the detec-
tion of metabolites were deproteinated with aceto-
nitrile. The protein-free fractions were concentrated
under nitrogen gas and the residue was redissolved in
HPLC mobile phase, tetrahydrofuran (THF)-metha-
nol (MeOH)-water (H,O) (2:1:2, v/v/v). Plasma
samples for the detection of metabolites were
extracted as described in Section 2.5.

Extraction of plasma metabolites

Extraction of metabolites from plasma prior to GC-
MS or LC-MS was carried out as reported
previously [19]. Three volumes of ethyl acetate was
added to about 10 ml plasma and vigorously mixed.
After extraction, the organic layer was evaporated to
dryness under nitrogen gas and the residue was redis-
solved in 200 ul of a mixture of isopropanol (IP)-hex-
ane (HEX) (4:96, v/v). This solution was applied to a
BondElut NH, cartridge and the column washed
with 2 ml of a mixture of IP-HEX (20:80, v/v) and
the elute was evaporated to dryness under nitrogen
gas.

HPLC

Profiles of metabolites and their purification were
obtained using a model SCL-6A control system,
model LC-6A pump, a model SPD-2A UV-detector
(Shimadzu, Kyoto, Japan) and a model Ramona-5-
LS radio-detector (Raytest, FRG). Separation of
plasma metabolites after administration of [2f-
3H]OCT or [26-°H]JOCT was performed on a 5-um
YMC-Pack ODS-A column (6.0 x250mm [.D.,
YMC, Tokyo, Japan) with gradient elution using two
mobile phases: A: THF-H,O (1:9, v/v), B: THF-
MeOH-H,0O (2:1:2, v/iv/v), [B: 0% (O min); 75%
(20 min); 75% (50 min); 100% (50.1 min)] at a flow
rate of 1.0 ml/min.

Separation of non-polar metabolites obtained by
extraction of plasma metabolites after administration
of OCT was performed on a YMC-Pack ODS-A col-
umn (as described in Section 2.5) eluting under iso-
cratic conditions with H,O-THF-CH;CN (65:35:2,
v/v/v) at a flow rate of 1.0 ml/min. Purification of P5
and P8 was carried out by collecting each peak which
corresponded to the tg of radio-labelled P5 and P8
under the following HPLC conditions. Isolation of
P5 was carried out using the same conditions as for
the separation of non-polar plasma metabolites except
for using a mobile phase of H,O-CH;CN (50:50, v/
v). Further separations of P6 and P7 were carried out
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on a Capcell Pak NH, column (4.6 x 250 mm 1.D.,
Shiseido, Tokyo, Japan), eluting under isocratic con-
ditions with HEX-IP-MeOH (91:7:2, v/v/v) at a flow
rate of 2.5 ml/min.

Periodate oxidation

P5 isolated by HPLC was dissolved in 50 ul metha-
nol and 100 ul ethanol, to which 50 ul aqueous
NalO4 (0.1%, w/v) had been added. The reaction
was allowed to proceed for 30 min at 50°C in a
shielded tube. The reactant was evaporated to dry-
ness and the residue was redissolved in 50 ul HPLC
mobile phase [CH;CN-H,0 (2:3, v/v)].

GC-MS

GC-MS was performed using a JEOL JMS DX-
300 mass spectrometer (Tokyo, Japan) equipped with
a DA-5000 data system. Metabolites extracted from
plasma were derivatized to their pertrimethylsilyl
ethers (TMS) and then analyzed by GC-MS as
described previously [19]. GC analysis of vitamin D
derivatives such as OCT at a high temperature causes
B ring closure producing pyro- and isopyro-
isomers [19,20]. Although two peaks for each com-
pound are basically observed in a total ion chromato-
gram, only the mass spectra obtained from the first
peak (pyro-isomer) are illustrated in the figures
because there is little difference between the two.
Identification of metabolites was carried out by com-
paring the gz and mass spectrum for each metabolite
in GC-MS with those of synthesized standard metab-
olites which have been previously reported [19].

LC-MS

LC-MS was performed using a Finnigan TSQ-700
triple stage quadrupole mass spectrometer (San Jose,
CA) fitted with Shiseido NanospacesI-1 equipment
(Tokyo, Japan). Purified plasma metabolites (P5 and
P8) were analyzed by LC-MS as described
previously (19]. Identification of metabolites was car-
ried out as described in Section 2.8.

RESULTS

HPLC of plasma metabolites

The HPLC radio-chromatograms of metabolites in
plasma samples collected 2 h after intravenous admin-
istration of [28-H]OCT or [26-*H]OCT are shown
in Fig. 1. More than nine metabolite peaks including
unchanged OCT were detected in the chromatograms
obtained after administration of [28-*H]OCT. In
contrast, only four main peaks in addition to OCT
except for a void volume peak, were observed after
administration of [26-*H]OCT. A comparison of
both chromatograms showed that three peaks (P7, P8
and part of P6) observed with [24->H]OCT were also
found with of [26->H]OCT, and the other peaks (P1,
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P2, P3, P4, P5 and the other part of P6) were miss-
ing from the [26-H]JOCT chromatogram. These
results suggest that the missing peaks are metabolites
which have no side-chain moiety. A comparison of
the 7x’s with several synthesized putative metabolites
indicated that peaks P6 and P7 should contain at
least two different metabolites.

Non-polar plasma metabolites (P5, P6, P7 and P8)
were shown to be extracted effectively by ethyl acet-
ate, but polar metabolites (P1, P2, P3 and P4) were
not. The HPLC profile of the extract of plasma
metabolites after administration of unlabelled OCT at
a high dose (2 and 25 mg/kg), was shown to be simi-
lar to that obtained from the extract of metabolites
after administration of [28->H]JOCT at the basic dose
(10 ug/kg) under the same HPLC conditions (data
not shown). The HPLC profile of non-polar metab-
olites after administration of OCT is shown in Fig. 2.
Under these HPLC conditions P5 and P8 each gave
a single peak, respectively. However, it is suggested
that P6 and P7 could contain more than three metab-
olites in each peak after comparison of the tg with
several synthetic putative metabolites.
Rechromatography of P6 and P7 by normal phase
HPI.C was carried out (Fig. 3). The ‘rechromato-
gram’ of P6 gave a further four major peaks (P6-1,
P6-2, P6-3 and P6-4). It was also shown that the r’s
of P6-2, P6-3 and P6-4 were identical to those of
208(OH)-hexanor-OCT, (258)-26(OH)OCT and
(25R)-26(OH)OCT, respectively. Similarly, the
‘rechromatogram’ of P7 gave a further three peaks
(P7-1, P7-2 and P7-3). It was shown that the zg of
P7-2 was identical to that of both 24R(OH)OCT and
24S(OH)OCT, which were not separated by normal
phase HPL.C (despite showing a good separation on
reverse phase HPLC). There was no significant peak
which coincided with the r’s of 20oxo-hexanor-
OCT. The zx’s of P6-1, P7-1 and P7-3 were not
identical to any of the synthetic putative metabolites.

GC-MS of the extract of plasma metabolites

Side-chain cleavage metabolites (I-1, I-2, I-3); Exam-
ination of side-chain cleavage metabolites such as
20R(OH)-hexanor-OCT, 20S8(OH)-hexanor-OCT
and 200xo-hexnor-OCT was carried out using the
mass chromatogram of the molecular ions and some
unique fragment ions (Fig. 4), which had previously
been examined [19]; (a) m/z 548, 458, 368 and 117
for the TMS derivatives of 20R(OH)-hexanor-OCT
and 20S(OH)-hexanor-OCT and (b) m/z 474, 384
and 294 for the TMS derivative of 20oxo-hexnor-
OCT. In the mass chromatogram shown in Fig. 4(b),
three peaks were detected at which these four ions
were eluted together (I-1, I-2 and I-3). From a com-
parison with synthetic compounds, these ig’s were
not identical to those of 20R(OH)-hexanor-OCT, but
were identical to those of 20S(OH)-hexanor-OCT.
Both these compounds are confirmed to give rise to
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three thermal-isomerization products for each com-
pound during GC analysis [19]. Fig. 5(A) shows the
GC-MS spectra of the first peak (I-1). The mass
spectrum was confirmed to be almost completely
identical to that of the TMS derivative of 20S(OH)-
hexanor-OCT. The mass spectra of the second and
third peaks (I-2 and I-3) also coincided with those of
the TMS derivative of 20S(OH)-hexanor-OCT. We
conclude that the metabolite giving these three peaks
is 20S(OH)-hexanor-OCT. On the other hand, the
TMS derivative of 20oxo-hexanor-OCT was not
detected in the mass chromatogram Fig. 4(a). This
result is consistent with the evidence obtained from
rechromatography of P7 [Fig. 3(B)]. Therefore, we
conclude that there is very little 200x0-hexanor-OCT
among the plasma metabolites.

Side-chain oxidation merabolites (1I-1, 1I-2, 1I-3, II-4,
II-5); Side-chain oxidation metabolites such as
24R(OH)OCT, 24S(OH)OCT, (25R)-26(OH)OCT,
(258)-26(OH)OCT and 24-0ox0cOCT were examined
using the mass chromatogram of the molecular ions
and unique fragment ions for each compound
(Fig. 4); (c) m/z 648, 558 and 517 for 24-0x0OCT,
(d) m/z 722,632, 591 and 145 for TMS derivatives of
(25R)-26(OH)OCT, (255)-26(OH)OCT and (e) m/z
722, 632, 591 and 131 for TMS derivatives of
24R(OH)OCT and 24S(OH)OCT.

In the mass chromatograms Fig. 4(e), four peaks in
which the four examined ions eluted together were
detected (II-1, II-2, II-4 and II-5). The zz’s of II-1
and II-4 were identical to those of the TMS deriva-
tive of 24R(OH)OCT and the k’s of II-2 and II-5
coincided with those of the TMS derivative of
24S(OH)OCT. GC-MS spectra of II-1 and II-2 are
shown in Fig. 5(B) and Fig. 5(C), respectively. Both
gave very similar mass spectra and the mass spectra
of II-1 and II-2 were confirmed to be virtually identi-
cal to those for the TMS derivatives of the synthetic
24R(OH)OCT and 24S(OH)OCT, respectively.
Similarly, the mass spectra of II-4 and II-5 which are
regarded as thermal-isomerization products, also gave
a similar spectrum to the corresponding isomers, II-1
and II-2, respectively. From these data, we conclude
that the metabolite giving II-1 and 1I-4 is
24R(OH)OCT and the metabolite giving II-2 and II-
5 is 24S(OH)OCT.

In the mass chromatograms of Fig. 4(d), a weak
peak was detected at which the four ions eluted
together (II-3). The tg’s of 1I-3 were identical to the
first tg of the TMS derivatives of (25R)-26(OH)OCT
and (258)-26(OH)OCT, which were confirmed not
to be chromatographed under the GC conditions
used. Although the TMS derivatives of (25R)-
26(OH)OCT and (255)-26(OH)OCT also give rise
to two thermal-isomerization products each [19], we
could not detect the second peak in the mass chroma-
tograms obtained from plasma extracts due, presum-
ably, to the very small amount present. The GC-MS
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Fig. 2. High performance liquid chromatographic profile of the extracts of plasma metabolites 2 h after ad-
ministration of OCT to rats. Arrows (A to I) indicate the retention times of synthetic standards in the same

system;

(A) OCT, (B) pre-OCT, (C) 24-0x0OCT, (D) 20o0xo-hexanor-OCT, (E) 24S(OH)OCT, (F)

24R(OH)OCT, (G) 20S(OH)-hexanor-OCT, (H) (25R)-26(OH)OCT and (I) (255)-26(OH)OCT. Fraction num-

bers (P5 to P8) show the isolation periods of metabolites for further analysis. High performance liquid chro-

matography was carried out under the following conditions; column: YMC-Pack ODS-A A-313 (6.0 x 250 mm),
mobile phase: HO-THF-CH;CN (65:35:2, viviv), flow rate: 1.0 ml/min, detection: UV 265 nm.

spectra of II-3 [Fig. 5(D)] was found to coincide
almost exactly with those of the TMS derivatives of
(25R)-26(OH)OCT and (258)-26(OH)OCT which
exhibited almost the same mass spectra. From the
GC-MS data and HPLC ‘rechromatogram’ of P6
(Fig. 3(A)], we concluded that the metabolites giving
II-3 are a mixture of (25R)-26(OH)OCT and (25S5)-
26(OH)OCT.

However, very little TMS derivative of the 24-
oxoOCT was detected in the mass chromatogram
Fig. 4(c). Therefore, we tried to perform an identifi-
cation by LC-MS which has a higher sensitivity than
GC-MS[19].

Identification of P8 by LC-MS

The LLC-MS APCI mass spectrum of P8 isolated
from plasma is shown in Fig. 6. P8 eluted at approxi-
mately 11.5 min, which is an almost identical tg to
that of authentic 24-0x0OCT [19]. The mass spec-
trum gave signals reflecting the intact analyte (m/z
450, 433 and 415) and fragment ions (m/z 315, 297
and 279), which were found to be virtually identical

to that of synthetic 24-0x0OCT. We conclude that
P8 is 24-0x00CT.

Interpretation of the structure of PS

The GC-MS spectrum of the TMS derivative of
P5 isolated from plasma is shown in Fig. 7. The
TMS derivative of P5 gave a molecular ion of m/z
564, suggesting it to be 16 amu greater than the mol-
ecular ion of 20S(OH)-hexanor-OCT. In addition, a
prominent fragment ion was observed at m/z 117 cor-
responding to a C2-fragment from C-20 and C-21
bearing a TMS group, as in the case of 20S(OH)-
hexanor-OCT. The other fragment ions at m/z 429,
339, 249 and 217 corresponded to M-117-H,O, M-
117-TMSOH-H,0, M-117-2TMSOH-H,0 and loss
of a fragment containing carbon C1, C2 and C3, re-
spectively. This interpretation suggests that P5 is a
metabolite which has an oxygen atom at C or D ring
in the vitamin Ds skeleton. Interestingly, the new
hydroxy group could not be converted to a TMS de-
rivative. This evidence suggests the possibility that
the new hydroxy position might be vicinal (C17) to a
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Fig. 3. High performance liquid chromatographic profile of P6 (upper panel) and P7 (lower panel). Arrows (D

to I) indicate the retention times of synthetic standards in the same system; (D) 200x0-hexanor-OCT, (E)

24S(OH)OCT, (F) 24R(OH)OCT, (G) 20S(OH)-hexanor-OCT, (H) (25R)-26(OH)OCT and (I) (258)-

26(OH)OCT. High performance liquid chromatography was carried out under the following conditions; col-

umn: CAPCEL PAK NH, (4.6 x 250 mm), mobile phase: hexane-isopropanol-methanol (91:7:2, viviv), flow
rate: 2.5 ml/min, detection: UV 265 nm.

hydroxy group which results in steric hindrance [21-
24]. In order to confirm this speculation, we analyzed
the periodate cleavage product of P5 by LC-MS. The
periodate cleavage product of P5 eluted at an almost
identical g to that of the synthetic putative product,
170x0-octanor-OCT. Fig. 8 shows the LC-MS APCI
mass spectra of the periodate cleavage product and
170ox0-octanor-OCT. The periodate cleavage product
of P5 gave some prominent ions reflecting the intact
analyte at m/z 320, 303 and 285 corresponding to
[M + NH,4]*, [M + H]" and [M + H-H,0]", respect-
ively. This spectrum was found to be virtually identi-
cal to that of the synthetic 170xo0-octanor-OCT. We
conclude that P5 is 17,20S(OH),-hexanor-OCT.

DISCUSSION

The identification of plasma metabolites after intra-
venous administration of OCT to rats was carried out
using methods established previously by GC-MS and
LC-MS, which enable us to examine almost all the
metabolites without isolation by HPLC [19]. Seven
metabolites were identified, including a new type of
17-hydroxy metabolite for vitamin D3 and its ana-
logues. Kobayashi ez al. [15] demonstrated that OCT
mainly circulates in the blood in its intact form, non-
specifically bound to lipoproteins, after intravenous
administration of OCT to rats and is finally excreted
in the bile as a glucuronide of 20S(OH)-hexanor-
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Fig. 4. Mass chromatograms following gas chromatography-mass spectrometry of pertrimethylsilyl ethers of

metabolites extracted from plasma after administration of OCT. The unique ions for the pertrimethylsilyl

ethers of the synthetic postulated metabolites were monitored as selected ions to screen the metabolites: (a)

200xo0-hexanor-OCT (miz 474, 384, 294), (b) 20R(OH)~hexanor-OCT or 20S(OH)-hexanor-OCT (mlz 548, 458,

368, 117), (¢) 24-0x00CT (mlz 648, 558, 517), (d) (25R)-26(OH)-OCT or (255)-26(OH)-OCT (mlz 722, 632, 591,
145) and (e) 24R(OH)OCT or 24S(OH)OCT (mlz 722, 632, 591, 131).

OCT. We also confirmed that almost all the radioac-
tivity in plasma 1h after administration of [2f-
*H]JOCT was unchanged OCT (data not shown).
However, for the plasma metabolites at 2h, more
than half the total radioactivity in plasma was due to
metabolites, suggesting that some metabolites as well
as unchanged OCT also circulate in the blood 1 h to
2 h after administration of OCT.

We propose a possible metabolic pathway for OCT
in rats in Fig. 9. A comparison with the proposed
metabolic pathway for OCT in cell cultures [13]
showed some similarities and differences. The side-
chain oxidation pathways @ oivo such as
24(OH)OCT and 26(OH)OCT showed a similar pat-
tern to that in cell cultures except for the presence of
24-0x00CT. The identification of 24-0x0OCT in
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of metabolites and pertrimethylsililation.

plasma might be significant as far as the pharmaco-
logical effect of OCT ¢n vivo is concerned, because it
has shown antiproliferative activity towards human
promyelocytic leukemia cells (HL-60 cells) compar-
able to that of OCT [17]. The side-chain oxidation

pathways of OCT were virtually identical to those of
1,25-(OH),D; as described previously [25-27]. The
fact that there was much more 24R(OH)OCT in
plasma than 24S(OH)OCT and 24-oxoOCT
(24R>>248=240x0) was similar to 1,25-(OH),D; in
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dogs [27]. This evidence suggests that 24S(OH)OCT
s 2ooxdy Synineszed 22 Ine Dby v 2R TIDLT
to 24-0x0OCT, following a pathway proposed by
Ishizuka er @l (Fig. 9) [27}. On the other hand, the
side-chain cleavage pathways showed a different
metabolic pattern from that of cell cultures. Both
20ox0-hexanor-OCT, which was detected as the
main and final metabolite in hepatoma cells, and
20R(OH)-hexanor-OCT were not detected as plasma
metabolites. Furthermore, 17,20S(OH);-hexanor-
OCY., wnich was 10enihed as one of e mam _Pasma
metabolites, has not been detected in any cell culture

models. This evidence suggests that 20S(OH)-hexa-
nor DT prodaotel pip OUTZ pr piner STOMDs,
which is presumably formed from an unstable hemia-
cetal compound via carbon-23 hydroxylanon, under-
goes further metabolism to form 17,20S(OH),-
hexanor-OCT and a glucuronide of 20S(OH)-hexa-
nor-OCT m wvo. On the contrary, 20S(OH)-hexa-
nor-OCT and/or 20R(OH)-hexanor-OCT formed in
cell cuftures, undergoes further oxidation to 20-0xo-
hexanor-OCT predominantly, because in cell cultures
31 s nor easlly merabohzed Io Dne gucuronmie ol
20S8(OH)-hexanor-OCT as well as 17,20S(OH),-hex-
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Fig. 8. Liquid chromatography-mass spectra (APCI) of the periodate cleavage product of PS (upper panel)
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anor-OCT. From differences in the metabolism of
OCT in wviwo and in cell culture models, it is
suggested that vitamin D-target cell lines reflect a
common metabolism like oxidation of the vitamin D3
side-chain as described previously [28-30]. However,
it is difficult to mimic all pathways of metabolism as-

sociated with the modified position and the proximity
in the side-chain of the analogues.

Although there is little information on the for-
mation and further metabolism of 17,20S(OH),-hex-
anor-OCT so far, we speculate that it is formed
from 20S8(OH)-hexanor-OCT and then excreted as
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polar metabolites. A carbon-17 hydroxylation invol- 17 hydroxylation of OCT might be caused by the

ving seco-steroids such as vitamin D5 and its ana-
logues is an unusual pathway which has never been
reported. However, the hydroxylation of steroids,
such as the biotransformation of progesterone to a
17a-hydrocorticoid mediated by 17«-hydroxylase, is
a common metabolic pathway [31-34]. The carbon-

unique metabolic pathway of OCT, namely, cleavage
of the side-chain between carbon-23 (C,3) and oxy-
gen-22 (Os5,). It has been reported that side-chain
oxidation metabolites such as 20S(OH)-hexanor-
OCT, 20R(OH)-hexanor-OCT and 20-oxo-hexnor-
OCT markedly lower the vitamin D, receptor binding



292

affinity and the cell growth of human promyelcytic
leukemic cells (HL-60 cells) as compared with those
of OCT and side-chain oxidation metabolites [13].
Therefore, the 17,20S(OH),-hexanor-OCT itself is
considered to have little biological activity. However,
the unique metabolic pathway (17-hydroxylation and
cleavage of the C,3—0,, bond) and the rate of metab-
olism might play an important role in the unique
properties of OCT, such as its lack of hyper-calcemic
activity.

The structure of the polar (water soluble) metab-
olites as well as a couple of the non-polar metabolites
remain unclear. Almost all polar metabolites are
suggested to have no side-chain from a comparison of
the two HPLC radio-chromatograms of the plasma
metabolites obtained from [23->H]OCT and [26-
3H]OCT. Also they may be artifacts which are associ-
ated with the free->H released from the D-ring of
OCT, enzymatically or non-enzymatically. The
detailed elucidation of their structure is under investi-
gation.
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