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ABSTRACT Radiolabeled25,26-dihydroxyvitaminD3waspre-
pared in vitro by using chicken kidney homogenates and in vivo
in rats from [23,24-3H]-25-hydroxyvitamin D3. These compounds
were mixed with synthetic (25S)- and (25R)-25,26-dihydroxyvi-
tamin D3, converted to the corresponding (+)-a-methoxy-a-tri-
fluoromethylphenylacetyl esters, and subjected to high-perfor-
mance liquid chromatography that separates the derivatized
epimers. The radiolabeled 25,26-dihydroxyvitamin D3 derivatives
were a 1:1 mixture of the 25S and 25R isomers. Similarly unla-
beled 25,26-dihydroxyvitamin D3 isolated from the plasma of rats
given large amounts of vitamin D3 was shown to be a 1:1 mixture
of the S and R isomers. Therefore, naturally occurring 25,26-di-
hydroxyvitamin D3 is a mixture of the 25R and 25S isomers and
not just the S isomer reported previously.

Previously we have determined the stereochemical configu-
ration of side-chain-modified metabolites of 25-hydroxyvi-
tamin D3 (25-OH-D3) by means of chromatographic compari-
son of the natural radiolabeled metabolites with synthetic
isomers. Naturally produced 23,25-dihydroxyvitamin D3 [23,25-
(OH)2D3] (1), 24,25-dihydroxyvitamin D3 [24,25-(OH)2D3] (2),
1,24,25-trihydroxyvitamin D3 [1,24,25-(OH)3D3] (3), and 25-
hydroxyvitamin D3-26,23-lactone (25-OH-D3-26,23-lactone) (4)
have been shown to have a single configuration. In contrast to
a base-line separation of isomers of 23,25-(OH)3D3 and 25-OH-
D3-26,23-lactone, epimers of 24,25-(OH)2D3 or 25,26-dihy-
droxyvitamin D3 [25,26-(OH)2D3] are not easily separated. In
the case of 24,25-(OH)2D3, a sufficient chromatographic sep-
aration of the 24-epimers was possible only when their tri-
methylsilyl (Me3Si) derivatives were prepared (2). However,
separation of Me3Si derivatives of the 25-epimers of 25,26-
(OH)2D3 is only partial. Nevertheless, the stereochemical con-
figuration of the naturally occurring 25,26-(OH)2D3 has been
reported as S based on the partial separation of the Me3Si de-
rivatives (5-8).
We have now found that (+)-a-methoxy-a-trifluoromethyl-

phenylacetyl (MTPA) ester (9) derivatives of the epimers of 25,26-
(OH)2D3 can be more completely separated. Therefore, bio-
logically produced 25,26-(OH)2D3 was derivatized as MTPA es-
ter and cochromatographed with the MTPA derivatives of the
synthetic isomers on HPLC. As a result, the natural 25,26-
(OH)2D3 was found to be an epimeric mixture.

METHODS AND RESULTS
Isomers of 25,26-(OH)2D3 were synthesized and their stereo-
chemistry determined as described elsewhere (10, 11). Biolog-

ically produced 25,26-(OH)2D3 was prepared in three different
ways. (i) 25,26-(OH)2-[3H]D3 was obtained by in vitro incu-
bation of 100 p.Ci (1 Ci = 3.7 X 1010 Bq) of 25-OH-[23,24-3H]-
D3 with kidney homogenate prepared from chickens given 6.5
nmol of vitamin D3 48 hr prior to sacrifice, as described by Tan-
aka et al. (12). The 25,26-(OH)2D3 fraction was purified on a
Sephadex LH-20 column and then by straight-phase HPLC by
using a solvent mixture of 10% 2-propanol in hexane (12). In
addition, the fraction was purified on a reversed-phase HPLC
by using a solvent mixture of 20% H20 in MeOH (13). The bi-
ologically produced 25,26-(OH)2-[3H]D3 was then mixed with
20,g of (25R)-25,26-(OH)2D3 and 50 ,ug of (25S)-25,26-(OH)2D3.
The mixture was treated with MTPA chloride (30 mg) in pyr-
idine (0.1 ml) at 50°C for 1 hr. Water (1 ml) was added to the
mixture and reaction products were extracted with 1 ml of ethyl
acetate. The organic phase was collected and washed with 2 M
(aqueous solution) NaOH, 2 M (aqueous solution) HCI, satu-
rated (aqueous solution) NaHCO3, and 5% (aqueous solution)
NaCl in order. The organic phase was then dried with MgSO4
and the solvent was removed with a stream of argon gas. The
resulting 3,,26-bis-MTPA ester was dissolved in a solvent mix-
ture of 22% dichloromethane in hexane and injected into the
HPLC (Shimadzu LC-4A), equipped with two Zorbax Sil col-
umns (25 cm X 4.6 mm, DuPont), and eluted with the same
solvent mixture. As shown in Fig. 1A, the 254-nm UV monitor
was used to detect the derivatives of synthetic isomers of 25,26-
(OH)2D3 (Fig. 1A, solid line), while 1.25 ml of each fraction
was collected and its radioactivity (Packard Prias liquid scin-
tillation counter) was determined to detect 25,26-(OH)2-[3H]D3
derivatives (Fig. 1A, bars). Thus, it was unequivocally estab-
lished that 25,26-(OH)2D3 produced in vitro by chicken renal
homogenate has both R and S configurations. It is important to
note that MTPA derivatization does not epimerize 25,26-(OH)2D3
because either (25S)-26-(OH)2D3 or (25R)-26-(OH)2D3 yields only
one HPLC separable component under the above conditions.
(ii) 25,26-(OH)2-[3H]D3 was obtained from serum of rats given
4 ,uCi of 25-OH-[26,27-3H]D3 24 hr earlier. Purification of the
25,26-(OH)2-[3H]D3 fraction, MTPA derivatization of both nat-
ural and synthetic 25,26-(OH)2D3, and HPLC cochromatog-
raphy were carried out as described above. In vivo-produced
25,26-(OH)2-[3H]D3 in rats was also shown to be roughly a 1:1
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FIG. 1. (A) Cochromatography of MTPA derivatives of naturally
produced 25,26-(OH)2-[3H]D3 and synthetic isomers. The solid line rep-

resents UV absorbance of MTPA derivatives of synthetic isomers,
whereas the bars represent radioactivity in the 1.25-ml fractions. (B)
Chromatography ofMTPA derivatives of25,26-(OH)2D3 from serum of
rats given a large dose of vitamin D3. Chromatographic conditions are

described in the text.

epimeric mixture (data not shown). (iii) Nonradioactive 25,26-
(OH)2D3 was isolated from serum collected from 250 rats given
4 X 105 international units of vitamin D3 per rat 6 days before
followed by the same amount of vitamin D3 3 days before exsan-
guination. A total of 1 liter of the serum diluted with 1 liter of
H20 was extracted with 2 vol of MeOH/chloroform (1:1). The
chloroform extract was purified on a Sephadex LH-20 column
(1.5 x 25 cm) with chloroform/hexane (65:35). The 25,26-
(OH)2D3 was further purified by HPLC by using a Zorbax Sil
column (4.6 x 25 cm) eluted with 1.5% methanol in dichlo-
romethane. The purified 25,26-(OH)2D3 from the rat serum (4
ug) was derivatized and chromatographed on HPLC as de-
scribed above. As shown in Fig. 1B, the MTPA ester of natural
25,26-(OH)2D3 appeared as two peaks with retention times cor-

responding exactly to those of MTPA esters of synthetic (25R)-
25,26-(OH)2D3 and (25S)-25,26-(OH)2D3 (solid lines in Fig. 1A).
Each material was collected and subjected to mass spectrom-
etry on a Shimadzu 6020. For each compound, a molecular ion
of 848 was noted with fragments at mass-to-charge (m/z) of 614
(M+-ROH), 380 (M+-2ROH), 365 (MW-2ROH-CH3), and 189
(R-CO) (where R = MTPA). These spectra were identical to
those of bis-MTPA esters of synthetic isomers.

DISCUSSION
This report presents clear evidence that both methyl groups of
C-26 [the 25-pro-(S) methyl group]11 and C-27 [the 25-pro-(R)
methyl group]11 are naturally hydroxylated. It is unknown whether
or not the ratio of R and S isomers of natural 25,26-(OH)2D3
is different between species or is altered by physiological con-

ditions. We intentionally prepared 25,26-(OH)2D3 by in vitro
methods using a chicken preparation and by in vivo methods,
from rats given a physiological dose and from rats given a large
dose of vitamin D3. In all of our trials R and S isomers appeared
as a 1:1 ratio.

In general, it appears that nonstereospecific hydroxylation of
the steroidal side chain occurs at the ends of the side chain. 26-
Hydroxycholesterol isolated from human aortas was reported as
a mixture of two epimers at C-25 (15). It has been established
that 26-hydroxylation of cholesterol, as the initial step of bile
acid biosynthesis in liver, is catalyzed by the microsomal hy-
droxylase at C-26, whereas the mitochondrial hydroxylase car-
ries out hydroxylation at C-27 (16, 17), giving rise to an epi-
meric mixture. Fucosterol-epoxide, which is a key intermediate
in cholesterol synthesis from sitosterol in insects, has been shown
to be a (24R,28R)- and (24S,28S)-epoxide mixture (18, 19). Ino-
kosterone (26-hydroxyecdysteroid), one of the common phy-
toecdysteroids, is a 1:2 mixture of the C-25 R and S epimers
(20). In the case of 26-hydroxylation of 25-hydroxyvitamin D,
it is possible that two 26-hydroxylase enzymes exist, one acting
to produce the 25S configuration and another to produce the
25R configuration. This possibility would be consistent with the
25R configuration of the 25-OH-D3-26,23-lactone (4) and with
the idea that (23S,25R)-23,25,26-(OH)3D3 is an intermediate in
the lactone biosynthesis (21). In any case, the physiologic im-
portance of 26-hydroxylations to the function of vitamin D re-

mains unknown.

IlAccording to the nomenclature proposed by Popjak et al. (14), C-26
originating from C-2 of mevalonate is called the pro-(R) methyl group,
whereas C-27 derived from C-3' of mevalonate is called pro-(S) in the
case of cholesterol. However, in the case of 25-OH-D3 (assuming that
the C-25 hydroxylation proceeds with retention of the configuration),
the prochiralities of C-26 and C-27 should be reversed due to priority
rule. Thus, when a hydroxyl is introduced into C-26, a newly created
asymmetric C-25 holds the R configuration.
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