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Separation of isotopically labeled vitamin D metabolites by high-per-
formance liguid chromatography
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Substitution of either deuterium or tritium for hydrogen in organic compounds
can significantly change their physiochemical and/or biological properties'—, For ex-
ample, substitution of four deuterium atoms for 4 hydrogen atoms in the tetracycline
drug Org GC 94 increases its retention time as much as 14% on a pyPorasil column?,
Similar results have also been observed for deuterated benzene and toluene? as well
as for tritiated prostaglandin E, (ref. 4).

Isotopically labeled compounds (both deuterated and tritiated) are extensively
used in the study of vitamin D metabolism and the identification of unknown vitamin
D metabolites. In most circumstances, it is assumed that the deuterated or tritiated
compound behaves physiochemically and biologically in a manner identical to the
natural unlabeled compound. However, recent chromatographic evidence from our
laboratory” and biological evidence from others® suggests that the substitution of
tritium for hydrogen, in at least some vitamin D compounds, can significantly affect
their properties. Recognition of this phenomenon is extremely important in studying
vitamin D metabolism. In this paper, we report the separation of two tritium-labeled
vitamin D compounds from their unlabeled forms using high-performance liquid
chromatography (HPLC).

EXPERIMENTAL

The chemically synthesized, non-radioactive vitamin D metabolites, 1,25-
dihydroxyvitamin D, (1,25(0H,D3,), 25(R),26-dihydroxyvitamin D,
(25(R),26(0H);D4) and 25(S),26-dihydroxyvitamin D5 (25(5),26(0OH),D;) were gifts
from M. R. Uskokovic (Hoffmann-La Roche, Nutley, NJ, U.S.A.). Radiolabeled
1,25(0H), [23,24(n)-3H]D; (specific activity 110 Ci/mmole) and 25-hydroxy-
[23,24(n)-3H] vitamin D; (25-OH-[23,24(n)-*H]D,, specific activity 80 Ci/mmole)
were purchased from Amersham (Arlington Heights, 1L, U.S.A.). Radiolabeled
25,26(0H),D; was biosynthesized from 25-OH-[23,24(n)-*H]D; using a renal mito-
chondrial preparation from chicks®. This preparation of radiolabeled 25,26(0OH),D;
has been shown’ to be predominantly (>90%) 25(R),26 (OH),D;. All compounds
were purified using HPLC before use. Tris-trimethylsilyl derivatives (tris-TMS) of
1,25(0H);D; and 25,26(0OH),D; were prepared by reacting the metabolites at 60°C
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for 2 h in pyridine-hexamethyldisilizone with a few drops of trimethylchlorosilane
to trigger the reaction!®. The structural identity of the tris-TMS derivatives of
1,25(0H); D3, 25(R),26(0H),D; and 25(S),26(0H). D5 were confirmed by mass spec-
tral analysis using direct insertion probe with a Kratos MS-25 mass spectrometer.

HPLC was performed using a Waters HPLC system in conjunction with either
yPorasil columns in series (Waters Assoc., Milford, MA, U.S.A.) or two Zorbax-Sil
columns in series (DuPont Instruments, Wilmington, DE, U.S.A.). Solvents (HPLC
grade) were purchased from J. T. Baker, Phillipsburg, NJ, U.S.A. (hexane, 2-pro-
panol, actonitrile) and Fisher Scientific, Pittsburg, PA, U.S.A. (dichloromethane).
They were used either dry (as obtained from the supplier) or after 50% water satu-
ration'?, Columns were allowed to equilibrate with the appropriate solvent system
for 4-8 h before use at a flow-rate of 2-4 ml/min.

To examine the effect of tritium substitution for hydrogen on the chromato-
graphic properties of various vitamin D compounds, a given unlabeled metabolite,
or tris-TMS derivative of that metabolite (100-500 ng) was combined with its car-
bon-23,24(n)-tritium labeled counterpart and subjected to HPLC. Retention of un-
labeled compound was monitored by UV absorbance at 254 nm while retention of
labeled compound was monitored by determining the amount of radioactivity in
15-sec fractions collected across the UV-absorbing peak. Careful attention was paid
to correct accurately for the dead volume (1.0 ml) or lag time between the UV mon-
itor and the fraction collector.

RESULTS

Substitution of tritium for hydrogen at carbons-23 and -24 in the tris-TMS
derivatives of 1,25(0OH), D5 and 25,26(0H),D; significantly increased retention time
on HPLC (Figs. 1 and 2, Table I). Utilizing two Zorbax-Sil columns in series, a
solvent system of dichloromethane-hexane (15:85), a flow-rate of 2.0 ml/min and
recycling twice, tritium labeled 1,25(0OH),D;-tris-TMS eluted at 58 min, 1.25 min
after the unlabeled compound (Fig. 1). The separation factor was 1.024. A similar
phenomenon occurred with 25,26(0OH),D;-tris-TMS. Application of equimolar
amounts of the epimers 25(R),26(OH),D;-tris-TMS and 25(S),26(0OH),D;-tris-TMS
along with a tracer amount of predominantly (>90%) 25(R),26(0H), [23,24(n)-
*H]D;-tris-TMS to two pPorasil columns in series resulted in partial separations of
all three compounds (Fig. 2). The retention times for 25(R ),26(OH),D;-tris-TMS,
25(R),26(0H); [23,24(n)-*H]D;-tris-TMS and 25(S),26(OH),D;-tris-TMS were 95
min, 98.4 min and 100.6 min respectively. Underivatized vitamin D compounds ex-
hibited similar behavior. The retention time for 1,25(0OH), [23,24(n)-*H]D was found
to be consistently greater than 1,25(OH),D; (Table I).

The degree of separation of tritium-labeled and unlabeled compounds was not
the same on all straight-phase systems. For example, application of 1,25(0H),D;-
tris-TMS and 1,25(OH), [23,24(n)-*H]D;-tris-TMS to two uPorasil columns in series,
utilizing a solvent system of acetonitrile-dichloromethane-hexane (0.035:10:90), a
flow-rate of 2.0 ml/min and two recycles resulted in a separation factor of 1.011 as
compared to a separation factor of 1.024 achieved on Zorbax-Sil columns (Table I).

Maintenance of consistent chromatographic profiles for the tris-TMS deriva-
tives of 1,25(0OH),D; and 25,26(0H),D; is difficult. Initial attempts to study the
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Fig. 1. High-performance liquid chromatogram of 1,25(0H),D;-tris-TMS and 1,25(0H), [23,24(n)-
*HID;-tris-TMS, Column: two Zorbax-Sil columns in series; solvent: dichloromethane-hexane {15:85);
flow-rate: 2.0 ml/min; two recycles. Solid line, UV absorbance; block diagram, cpm.

separation of tritium labeled from unlabeled molecules were frustrated by the in-
ability to attain consistent retention times. One solution to this problem was to use
50%-water-saturated solvents'!. This technique stabilized retention time but ap-
peared to cause hydrolysis of the TMS ethers, resulting in gradual loss of the com-
pound during chromatography. The most effective means of stabilizing retention time
was found to be the addition of a small amount of acetonitrile in the mobile phase.
Inclusion of 0.035-0.050% acetonitrile in a solvent system of dichloromethane-hex-
ane (10:90) using uPorasil columns and allowing for adequate equilibration of the
column system (4-8 h at 2.0 ml/min) produced consistent results over a 12-month
period.
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Fig. 2. High-performance liquid chromatogram of 25(R),26(OH),D5-tris-TMS, 25(S),26(0H)2Di—tris-
- ~tris- ; il columns in series; solvent:

TMS and 25(R)26(0H); [23,24(n) HID;-tris-TMS. Column: two uPorasil co ;5

dichloromethane-hexane (15:85); flow-rate: 4.0 ml/min; two recycles. Solid line, UV absorbance; block

diagram, cpm.



232 NOTES

TABLE I

g(}){[l?gll\)dé\TOGRAPHIC CHARACTERISTICS OF TRITIUM-LABELED VITAMIN D COM-

Chromato_graphy systems: A: two Zorbax-Sil columns; solvent dichloromethane-hexane (15:83); flow-rate
2.0 ml/min; two recycles. B: two pPorasil columns; solvent acetonitrile-dichloromethane-hexane
(0.035:10:90); flow-rate 2.0 ml/min; two recycles. C: two pPorasil columns; solvent 2-propanol-hexane
(6:94); flow-rate 4.0 ml/min; two recycles. D: two uPorasil columns; solvent dichloromethane-hexane
(15-85); flow-rate 4.0 ml/min; two recycles,

Chromatography Sample Retention Capacity Separation
System time Sactor, k'*  factor,
(min} o (= kifky)

A 1,25(0H),D;-tris-TMS 56.7 13.19 1.024
1,25(0H); [23,24(n)-*H]D5-tris-TMS 58.0 13.50

B 1,25(0H),;D;-tris-TMS 112.8 55.40 1.011
1,25(0H), [23,24(n)-H]D;-tris-TMS 114.0 56.00

C 1,25(0H).D; 93.4 45.70 1.008
1,25(0H); [23,24(n)-*H]D, 942 46.10

D 25(R),26(0OH);D3-tris-TMS 95.0 46.50 1.037
25(R)26(0OH); [23,24(n)-*H]D3-tris-TMS 98.4 48.20
25(85),26(0H);D;-tris-TMS 100.6 49.15

* k' = (v, ~ vo)/vo, where vo = void volume of column system and v, = elution volume of
compound.

DISCUSSION

These results indicate that the substitution of tritium for hydrogen in
1,25(0H), D3, 1,25(0H),;D;-tris-TMS and 25,26(0OH),D;-tris-TMS significantly af-
fects the chromatographic properties of these compounds. In general, introduction
of tritium tends to increase retention time using straight-phase chromatographic con-
ditions. This appears to be the case for other compounds as well. Substitution of
tritium or deuterium for hydrogen increases the retention time of prostaglandin E,
and Org GC 94 on straight-phase systems?-* and reduces the retention time of ben-
zene, toluene, phenytoin and caffeine on reversed-phase systems3.5:9.

Recognition of this phenomenon is extremely important when radioactive
compounds are used to monitor the elution of non-radioactive compounds from
chromatographic systems. One example involves the use of radiolabeled
25,26(0H);D; to help identify the naturally occurring stereoisomer of
25,26(0H),D3;. The 25-hydroxy! group of 25,26(0H),D; can assume two poss_iblc
configurations; 25(R),26(0H),D; or 25(5),26(0OH),D3. Chromatographic conditions
used to separate these stereoisomers can also (as in Fig. 2) separate tritium-labeled
from non-labeled 25,26(0H),D; and unless appreciated, result in an improper iden-
tification of the radiolabeled compound. A second example is the use of radiolabeled
compounds to mark the elution position of non-labeled compounds in the prepara-
tion of serum samples for assay of the vitamin D metabolites. If the eluted metabolite
peaks were collected over too narrow an interval, based on eluted radioactivity, some
of the non-radioactive material could be discarded unknowingly, leading to errors

in the assay results.
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