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Extraction of steroid diconjugates using Amberlite XAD-2 resin
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Amberlite XAD-2 resin has been successfully applied to the extraction of
steroid conjugates from biological fluids such as urine® and bile®. Steroid conjugates
are usually almost quantitatively adsorbed on the XAD-2 resin and subsequent
washing with distilled water removes most of the solids present in the biological
fuids. The conjugates on the resin can be quantitatively recovered in succession on
elution with methanol.

During an investigation of the biliary metabolites of [4-"*Cltestosterone
(**C-T) and [7-3H]testosterone-17-sulphate CH-TS) in the rat® we observed that use
of the XAD-2 resin as a means of separating steroid conjugates from rat bile resulted
in relatively poor recoveries of the radioactivity in the methanol fraction, whereas the
bilizry metabolites of [I,2-H,]testosterone-17-glucosiduronate CH-TGA) in the rat®
usuzaily gave more than 909, recoveries employing the same method. In the latter
study SH-TGA was metabolized predominantly to C,sQ, steroid monoglucosiduron-
ates. In contrast, SH-TS was biotransformed mainly into C;o0, and polar hydroxylated
steroid (C 0., C,40. etc.) diconjugates (mostly as disulphates). Simultaneously
administered ¥C-T, which was metabolized to C,3Q; and polar hydroxylated steroid
conjugates, afforded relatively poor recoveries using the XAD-2 resin method. Thus,
the increased hydrophilic nature of the 3H-TS and “*C-T metabclites due to hydroxyl-
ation of the steroid moiety and/or to diconjugation might reduce the affinity of these
conjugates for the XAD-2 resin. '

In the present study, the biliary metabolites of *H-TS and “C.—jf ir the rat were
obtained by Sephadex LH-20 cclumn chromatography. These biliary metabohﬁes
were not adsorbed completely on the XAD-2 resin and modified procedures are de-
scribed for their improved recovery from the resin.

EXPERIMENTAL

RC.T (activity, 20.2 mCi/mmole), *H-IS (25 Ci/mmole) and :H-TGA 543
Ci/mmole} were purchased from New England Nuclear, Boston Mass., U.S.A. Details
of the grade, source and preparation of reference sterozds_ and rea_gents were’repc.;rted
previouslys. Amberlite XAD-2 resin (Rohm & Haas, Philadelphia, Pa., U.b,.A., 100
¢ dry weight) was suspended in methanol and packed on to 2 column (700 X 20 n,m;
[.D.) as a slurry. The resin was washed with 3 1 of methanol and subsequently with
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21 of distilled water. Sephadex LH-I0 (Pharmacia, Uppsala, Sweden) was processed
as described by Laatikainen and VihkoS®. -

A mixture of “C-T (0.41 Ci, 27 nmoles) and H-TS (1.55 Ci, 27 nmoles} was
administered intraperitoneally to maie and female rats of the Wistar strain which
weighed 250-300 g and had biliary fistulas. The biliary metabolites, ranging from 50
to 73 % of the injected dose, were chromatographed on 2 columun packed with Sephadex
L.H-20 and zfforded monoglucosiduronate CH, 0.9-1.39;; **C, 229%), monosulphate
CH, 6-11%; ¥*C, 11-25%) and diconjugate CH, 20-47%; **C, 9%,) fractions as de-
scribed earlier’. The values in parentheses were calculated from the injected dose.

Eack conjugate fraction was evaporated, dissolved in 10 m! of distilled water
and passed through a column packed with Amberlite XAD-2 resin. The column was
washed with 460, 200 or 100 mi of water, followed by elution with 400 mi of methanol.
The diconjugates were solvolyzed in acidified ethyl acetate and the liberated steroids
were examined by thin-iaver chromatography (TLC) on plates coated with silica gel
GF (E. Merck, DBarmstadt, G.F.R.). The solvent was chloroform-acetone (29:1) and
the procedure was as described previocusly®. Radioactive zones were detected with a
Packard Model 7201 autoscaneer, scraped and eluted with methanol. Theradioactivity
was counted with an Alcks L.SC-302 Hquid scintillation spectrometer in a toluene
medium as reported previously®. Chloride was determined by the silver nitrate
method’. Urea was determined by the diacetylmonoxime method®.

RESULTS AND DISCUSSION

As a standard procedure for the separation of steroid conjugates, we emploved
the following condition: the column packed with Amberlite XA D-2 resin (100 g} was
washed with 400 m! of distilled water following adsorption of the steroid conjugates
and then eluted with 400 ml of methanol. Each coniugate fraction was processed by
this procedure and typical recoveries of the radioactivity in both agueous and
methanol fractions are shown in Table I. Thus, it was apparent that the diconjugates
were not adsorbed compietely on the XAD-2 resin, in comparison with other conjugate
fractions. In order to obtain information concerning the nature of the diconjugates,

TABLEX

PERCENT RECOVERY OF VARIQUS STEROID CONIUGATES FROM AMBERLITE XAD-2
RESIN

The column was washed with 400 mi of distilled water, followed by elution with 400 m! of methanol.

Conjugate fraction Rar Radioactivity added  Radioactivity recovered (%)
(dpnz)
Agueous fraction Metharof fraction
3 H !‘C 3 H 14 c 3 H p 24 C
Monogiucosiduronate Maie 5Ei¢ 11,600 o 2.9 35.0 985
Female 3745 16,600 1] 5.6 103 92.G
Monosulphate Male 3370 5960 7.5 17.6 9i.3 78.0,
Female 15300 51,690 134 5.2 882 g6.1
Biconjugate Male 85,400 4540 3z0 43.9 64.5 63.6

Female  I0L0OOG 9840 256 298 709 680




NOTES - 637

these aqueous and methano! fractions were solvolyzed, oxtracted with ethyl acetate
and examined by TLC. No substantial differences were observed in their E;ydrolysis
: L;agef: in the male+ rat, ia. S_?SL% of the hydrogen-3 and 74 % of the carbon-14 in both
iractions were extracted with ethyl acetate. The corresponding values for the female
rat were ca. 73 and 64 %] respectively. TLC examination of the liberated steroids gave
the following results. The aqueous fraction from the male rat demonstrated the
presence of metabolites corresponding to polar hydroxylated steroids CH, 2494; *C
68 %) and Se-androstane-32,178-diol (H, 63%; ¥*C, 10 %), whereas the meghanoz

fraction gave polar hydroxylated stereids (CH. 119 ¥C. §6°) znd Sa-sndractane
Y SYALIUES iy 2l o T L, OO ) &G J¢E-anargstane-

38.178-diol CH, 80%;; **C, 17%,). TLC examination of the aqueous fraction from the
female rat showed the presence of polar hydroxylated steroids (°H, 54 % ¥C, 43%)
and 5«- androstane-3e,178-diol (H, 349%: “C, 36 %), metabolites corresponding to
polar hydroxylated steroids CH, 42%,: ©*C, 41 %) and Se-androstane-3¢,[73-diol CH,
459; ¥*C, 34%,) being isolated from the methanol fraction. These results confirm the
incomplete adsorption of Cy;0, and polar hydroxylated steroid diconjugates on the
XAD-2 resin.

In order to improve the recovery of the dicomjugates, the XAD-2 resin was
washed with 200 mi of distilled water, followed by elution with 400 m!l of methanol.
Typical recoveries are given in Table II. Thus, the diconjugates with relatively poor
recoveries ranging from 64 to 71 %, with the standard procedure were recovered to the
extent of 75-85% using this modified procedure. For comparison, 3H-TS (20,200 dpm)
and *H-TGA (22,000 dpm) were treated by this procedure and these monoconjugates
provided 999/ recoveries. Additional studies were then made with sodium chioride
and urea in order to determine to what extent inorganic and organic compounds were
eluted in the methanol fraction. Each 100 mg of sodium chloride and urea was treated
as above. Determination of these compounds revealed that they were recovered
quantitatively in the agueous fraction. Thus, the reduction in volume of water from
400 to 200 m! should have litde influence on the contaminations by inorganic and
organic compounds. High recoveries of the diconjugates were obtained on washing
the XAD-2 resin with 100 ml of distilled water, foliowed by elution with 400 mlI of

TABLE I

PERCENT RECOVERY OF STEROID DICONJUGATES FROM AMBERLITE XAD-2
RESIN USING THE MODIFIED PROCEDURES

Procedure Rar Radisactivity added  Radioacrivity recovered (95)
(epem) Aqueous fraction Merhanol fraction
i v g 12 SEF Iy
A Male 13,600 2090 2.0 180 80.5 8.7:.0
Female 16,100 2430 231 13.6 746 83'.0
B Male 13,606 2090 6.6 29 91.2 846
Female 16,508 23850 6.1 4.1 98.8 gi.s

“ The column was washed with 200 ml of distilied waicr. followed by elution with <00 mt of

methanol. L. . .
** The column was wached with 100 ml of distiiled water, followed by elution with 400 mi of

methanol.
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methanol (Table II). However, 4% of the sodium chloride and 23 % of the urea ap-
peared in the methanol fractton. "'hesu results demonstrate that tue reduction ino
volume of water results in a2 convenient procedure for recovering the diconjugates
from the XAD-2 resin, although some contamination by inorganic and organic com-
pounds is inevitable. However, the modified procedure should be especially applicable
to the extraction of steroid diconjugates from sodium chioride solutions following
Sephadex L.H-20% or DEAE-Sephadex® column chromatography of steroid conjugates,
which employs 0.01 M sodium chioride as solvent or & 0-0.8 M sodium chloride gra-
dient 2s the moving seolvent phase.
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