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SUMMARY

The direet analysis of steroid N-acetvilglucosaminides by gas chromatography
wits accomplished successfully on OV-17 and OV-1 columns by using the trimethyl-
silvl derivatives, The structure of the trimethylsilylation product was confirmed by
combined gas chromatography--mass spectrometry. A simple procedure for the extrac-
tion of the N-acetylglucosamine conjugate from the aqueous phase was also inves-
tigated with 17z-estradiol 17-N-acetylglucosaminide, The conjugite was recovered
almost quantitiatively when it was adsorbed on Amberlite NAD-2 resin and then
cluted with methanol,

INTRODUCTION

Recently considerable attention has been drawn to the problems associated
with the physiological significance of steroid conjugates. Besides the well known
glucuronide and sulphate formation, conjugation with N-acetyvlglucosamine was
found to be an important biotransformation in steroid metabolism by LavNe of al.!
who first isolated 17e-estradiol N-acetylglucosaminide from rabbit urine. The occur-
rence of the N-acetyvilglucosaminides of  pregnene-3f,2oe-diol, 15«-hydroxylated
estrone and estradiol in human urine and bile has also been repotted?2®. The direct
analysis of steroid glucuronides by gas chromatography (GC) was accomplished
with success by converting them to their methyl ester-trimethylsilyl (TMS) cetherd=*
or acetate—methyl ester derivatives?. Flowever, studies on the GC ol the steroid
N-acetylglucosamine conjugates have not hitherto been reported. This investigation
wits therefore carried out to determine the feasibility of using GC for the separation,
identilication and quantitation of steroid N-acetylglucosaminides,

ENPERIMENTAL

Mualerials ‘
r7e-Estradiol  17-N-acetylglucosaminide  (3-hydroxyestra-1,3,5(10)-trien-152-
* To whom correspondence should be addressed,
°*On leave of absence from Chung Buk College of Pharmacy, Korei,
T Present address: Faeulty of Pharmaceutical Scicnces, Kumamoto University, Kumiamoto,
Jiupan,
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viI-2'-acetamido-2'-deoxy-f-v-glucopyrianoside) (1) was synthesized in this laboratory®
and the others (H-XT1) were donated by Dr. DD K. Fuekustiaa,

Dreparation of derivalives

The TMS derivatives were prepared by the method of SWEELEY of alr. To
i =olution of the saimple (1 mg) in tetrahyvdrofuran (0.5 ml) were successively added
pyridine (0.0 mil), hexamethyvldisilazane (0.2 ml) and trimethylehlorosilane (0.1 ml),
and the mixture was allowed to stand at room tempericture for 15 min, After evap-
oration of the solvent with the aid of a nitrogen gas stream, the residue was dissolved
in tetrahydrofuran and injected into the gas chromatograph.

Gas clhiromatography

The apparatus used for this work was a Shimadzu Model GC-3AIFE Gas
Chromatograph cquipped with @ hydrogen flame-ionization detector and o U-shaped
stainless-steel column (1.3 m 2 3 mm [LD). The column was packed with z Y,
OV-17 (phenyimethylsiloxane polymer) or 1.5, OV-1 (methylsiloxane polymer)
on a support of Chromosorb W (6o-8o mesh). The temperature of the detector and
flash heater was Kept at 3207, and that of the column at 3oo©. The pressure and
low rate of the nitrogen carrier gas were 2.6 kg/em?* and 100 ml/min, respectively,
The relative retention time of cach compound was measured using the TMS cether
ol digitoxigenin as a reference compound.

IExtraction and determination of steroid N-acetvlglicosaminide

The test solutions were prepared by dissolving zoo, 300 or 300 ug of 17-
estrivdiol 17-N-acetyviglucosaminide in 20 ml of water. The aqueous solution wias
percolated through o column (8.5 < .o em L.D.) packed with 5 ml of Amberlite
NAD-2 (Rohm & Haas Co., Philadelphia, U.S A and then washed with 20 ml of
distilled water. The conjugate was eluted with methanol and the cluant was collected
in 5-ml portions, The methanol was evaporated in vacico. To this residue was added
i tetrahyvdrofuran solution containing a known amount of digitoxigenin (100-300 ug),
and the mixture was evaporated with the aid of i nitrogen. gas stream, The residue
thus obtained was submitted to trimcthylsilvlation followed by GC determination
as described above,

RESULTS AND DISCUSSION

In this study, cleven synthetic N-acetviglucosaminides were employed as
model compounds, Trimethylsilviation of the hydroxyl groups in both the sugar
and steroid moieties was readily achieved by reaction with hexamethyldisilazane
and trimethylchlorosilane in pyridine according to the method of SweeLey of alb,
The use of OV-17 or OV-1, which have high thermal stability, as the stationary phase
proved to be effective for the GC separation of the TMS derivatives of the steroid
N-ucetyviglucosaminides, All the compounds showed a single peak of the theoretical
shape indicating the excellent GC properties of the reaction product. The structure
of a typical derivative, the TMS cether of r7e-estradiol 17-N-acetylglucosaminide,
was studied by combined GC-mass spectrometry®. ITn the mass spectra, a molecular

A Shimadzu Model LK B3-gooo [nstrument was used,
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ion peak was observed at mfe = 763 (M) although the relative intensity was low,
A prominent peak was present at mfe = 748 (M-15) for the loss of o CH,; maoicty
from one of the trimethylsilyvlony groups'™. These data indicated that the structure
remained intact during the GC separation, The retention values of these TMS
derivatives relative to digitoxigenin TMS ether are presented in Table 1.
30-Hydroxy-se-androstan- 178-vI-N-acetviglucosaminide (V) showed a longer
retention time than the 3e-epimer (ITT) with OV-17 and OV-1 liquid phases. Similar
behaviour was observed with two epimeric 17-oxg-3e-androstan-3-yl derivatives
(VIIT and IX), which exhibited better separation, probably owing to the presence
of the bulky group at C-3. These results are consistent with the previous finding®

TABLE |

RELACIVE RETENTION TIMES OF TMS DERIVATIVES OF STEROID N-ACEVTLGLUCOSAMINIDES
Conditions: stainless-steel column (1.3 m o 3 o LDO) G packing 1,59, OV or 29, OV-r7 on
Chromosorb W (bo-8o mesh); nitrogen How  rate, 1oo ml/ming column temperiture, 3oo
detector temperiture, 32075 Hash heater tamperature, 3207,

Componnds e /u!lu uh uhuu mm'
()l -l, ()l -
3-Hydroxyestri-r, 3, 5(10)-trien-172-v1--NAG (1) 171 207
3-Oxoandrost-g-en-174-vI-A-NAG (1) 3.13 3.02
o= Hydroxy-sz-androstan-17f-y1--NAG (111) .20 270
3x-Hydroxy-sfl-androstan-t17f4-vI-g-NAG (1V) 1.23 2.57
3f-Hydroxyv-sx-androstan-17f-v1--NAG (V) 1.7 3.4
3f-Hydroxy-sf-androstian-1 7fi-y l “B-NAG (VD) 1.2 2.0
1 7-Oxoundrost-5-en- 3f-vi-fi- \ AG (VT 2,60 3.00
17-Ox0-52-undrostin-32-v1--NAG (V1) 1.0y 217
17-Ox0-52-nndrostian-3fi- \‘l -f-N \(‘. (IN\) 2.0 3.17
17-Oxo-5f-androstin- 3%- yl P-NAG (N) 172 2,02
17f-Hydroxy-sfi-androstian-3«-vI-f-NAG (N1 1.0 2.50
DigitoNigenin 1.00 1.00
(4.3 min) (2.30 min)

#fA-NAG = -.:'-ncct:um(l()-' -(lcu\\' /i- ) «rlm.np\ r.mnsulc

TABLE 1T

RECOVERY OF 172-BESTRADIOL 17-N-ACETYLGLUCOSAMINIDE FROM TIHE AQUIOUS PHANE FOLLOWING
GAS CHROMATOGRAPHY ON AN AMBERLITE NAI)2 coLumNt

Stiedy Id(lr o ‘lmuunt \Ivllmun/ v Iumi!
(s1a) : I rmlmu I .I~‘rur!iun R Iraction 3 Total

! 200 taz,2 (O1.1) 03.0 (31.8) 10.0 (5.0) 105.8 (97.0)
2 200 110, (38.2 01,8 (30.9) 12,8 (O.y) 191.0 (Q5.3)
3 300 180.9 (03.3) Sg.0 (28,2 13.5 (4.5) 2880 (00.0)
3 300 180,09 (60,3) 90,0 (30.0) 18,0 (O.0) 288,09 (06, 3)
5 500 310.5 (03.3) 156.0 (31.2) 12,0 (2.4) 484.5 (00.0)
) 500 203.0 (58.0) 1O8.0 (33.0) 10,0 (2.0) J71.0 (9.2

" lhu muth.mnl cluant was u)\luutc(l in 5- ml pmt.mns and the amount of 1 7e-estr uliul 17- \-
acetylglucosaminide was determined by GC using a 294 OVer7 column, The figures in parentheses
represent the recovery riate (%),
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that the TMS ether of 36-hyvdroxy-se-undrostan-17-one is eluted before that of the
3z-epimer on cither of these two columns, In the s6-steroids, however, the configura-
tion of the C-3 substituent was not significantly reflected in the retention time
(I'V and VI).

In order to apply the present method to biological materials, a simplified
procedure for the separation of steroid conjugates from the aqueous phase was
then investigated, Tt has recently been demonstrated! that Amberlite NAD-z,
i neuatral crosslinked styrene polyvmer, adsorbs steroid conjugates quantitatively
from urine, and these in turn can be readily cluted from the resin with an organic sol-
vent. An aqueous solution containing o known amount of 17g-estradiol 17-N-acetyl-
glucosaminide was percolated through o column of the resin, After washing with
distilled water, the resin was cluted with methanol and each 5-ml fraction was sub-
mitted to GC. The calibration curve for the determination was constructed by
plotting the ratio of the peak arca of the sample to that of the internal standard
(digitoxigenin) against the weight ratio of these two compounds, and good lincarity
was observed, Typical results are given in Table T The data indicate that methanol
rapidly cluted the steroid N-acetylglucosaminide and ca. 6o ¢, was recovered in
the first portion of solvent. It should be noted that quantitative recovery of the
desired N-acetylglucosaminide withont any structural alteration was attained by
a simple procedure involving clution with a small volume of methanol after washing
with water,

[t is hoped that this separation technique will be applicable to studies on endo-
crinological and biochemical problems associnted with steroid N-acetylglucosaminidoes,
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