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ABSTRACT

A method for the direct gas chromatographic analysis without prior hydrolysis has been developed
for a series of glycine-conjugated bile acids having oxo or multiple functional groups, including exo and
hydroxy! groups and double bonds. The glycine conjugates without and with the hydroxyl groups were
derivatized to their ethyl or methy! esters and ethyl ester-trimethylsilyl or mcthyl ester-dimethylethylsilyl
ethers, respectively, and chromatographed on an aluminum-clad, fiexible, fused-silica capillary column
coated with a thin film (0.1 gm) of chemically bonded and cross-linked methyl polysiloxane. The change of
methylene unit value exerted by derivatization and glycination for vach compound is discussed.

INTRODUCTION

In previous papers [1,2], we have reported a simultaneous gas chromatographic
(GC) analysis of the unconjugates and glycine conjugates of a series of hydroxylated
bile acid stereoisomers as their ethyl ester-trimethylsilyl (Et-TMS) and methyl ester-
dimethylethylsilyl (Mc-DMES) ether derivatives on an aluminum-clad, flexible,
fused-silica capillary column coated with a thin film (0.1 pm) of chemically bondcd
with non-selective methyl polysiloxane. A simple method for the micro-scale (< |
mg} preparation of glycine-conjugated bile acid esters as authentic specimens from
the corresponding unconjugates was also developed.

Since glycine-conjugated bile acids containing oxo or multiple functional
groups, including oxo and hydroxyl groups and double bonds, are also potential
metabolites [3], we are extending our GC approach to include these compounds. Thus
the availability of a variely of oxo, oxo-hydroxy and unsaturated bile acids having
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one to four substituents at positions C-3, C-4, C-6, C-7 and or C-12 has prompled us
to compare the GC behavior of the glveine conjugates and the corresponding un-
canjugates reported previoushe [4],

EXPERIMENT AL

Samples and reagenis

Almost ¢l of the oxo. oxo-hydroxy and unsaturated bile acids related (o 3u-
and Sf-cholunoic weids, which differ from one another in the number. position and
conbguration of substituents in the molecules, were laken from our uth.umx collec
tions,

The silylating reasgents, hexamethyldisilazane and tronethylehlorosilune in an
hyvdrous pyridine (TMS-H'T] and dimethylethylsilvlimidasole (DMESH. were ol
tined from Tokyo Kasei Kogyoe (Tokyo, Japani. ‘Lv[lx}m\}g;uiw-‘m\i—"‘wctiw\\‘-1._-‘«
dibydroguineline (EEDQ). glscine methy! ester hydrochloride aind ghveine uh 1 ester
hydrochlonide were obtamed from Wako Pure Chemival Todusteios (Osaka. Japann
All sobvents used were o analviical-reagent grade.

GO mstriancination and ot

A Shimadzu GC-14A gas chromatograph equipped with a il ionizalion
detector aud datg-processing sysiem (Shimadzu Chromatopac (SROA was used it
was fitted with an alumimuos-clad. fexible, fuscd-silica capetlary colump (25 m o~ 9.05
mn LI with g thin Ol (008 gmy of bonded and cross-linked methng polvsdonane
{equivadent ¢ OV-1HE; und uprr;ncd under the foliowing condinons: carrier gas
(helivm) fow-rate, Loy mlmias audbiary gas fovw-raie, 40ml min: splitiing rugo, 13
mpection lemperaiure, 330°C and u:lumn temperature. 30070 (othermals E
wn, HiCap CBPM L wus purchused from Shimadzu (K vete Jopan,

Derivalizaiion procedhores

The E-TMS and Me-DMES ether dertvatives of ghycine-conjupated bie aculs
as authentic specimens were ;w eparedl in Lwo steps from ther corresponding un-
conugtics by g combination of ghvcisation followed by silvlation 2] Enitidly. oxe.

oxo-hydroxy and unsaturated (.F 5 bile acid sampics wore convertod mto therr aivens
conjugate ethyl (T o methyd (Me) esters by reatines withy DRI elveine eths { {nr
methyh ester hydrochloride and tricthylamine fn accionirde. Fach of the giveine
conjugate esters contaimng hydroxyl groups was then conseried 1o the Fi-1 S and
Me-DMES ether derivatives using TMS-HT and DMEST a0 sihviating reagents. re-
spectivelys An wiquol ol the dertvatized sample solutions was ineeted mo tie G
systemn together with an inicrnal siandard,

RESLES ANDY DISCUSSIO™N

Tuble I shows the retention data ol 65 glycine-conjugated bile acids observed
for the two classes ol derivalization products on a HiCap CBPMI colummn. Retention
dittit were expressed as the reliutive retention e (RRTY vod methylene unit (ML
vatues: RRT values were expressed relative town appropriaie deris ative of giyeodeox-

vehobe acid (GDOA FTME, 712 miing Me - DMES, 895 vt and MU values wers
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TABLE 1

453

RRT AND MU VALUES OF THE Et-TMS AND Me-DMES ETHER DERIVATIVES OF OXO,
OXO-HYDROXY AND UNSATURATED BILE ACID GLYCINL CONJUGATES*

Position and Et-TMS Me-DMES AU gk
configuration
of substituents RRT MU RRT MU
Monooxo®
3-0Ox0 1.05 39.12 0.09 38.50 ~0.62
3-0Ox0 (5u) 1.14 39.56 0.76 39.00 —0.56
6-0Ox0 0.94 38.62 0.63 38.02 -0.60
0-0Ox0 (5a) [.06 39.17 0.71 3860 -0.57
7-Oxo 0.89 IK33 0.59 37.73 -0.60
7-0x0 (5%) 1.0} 1&.99 0.68 3841 —0.58
12-Oxo 0.84 I18.09 0.56 37.49 -0.60
12-Oxo (52) 0.93 3658 0.62 37.98 —0.60
Dioxo®
3.6-Dioxo 1.76 41.68 1.17 41.15 —0.53
3.6-Dioxo (5x) 1.76 41.08 1.17 41.15 -0.53
3,7-Dioxo 1.44 40,73 0.96 40.14 - 0.59
3.7-Dioxo (5%) 1.66 41.42 1.10 40.86 0.56
3. 12-Dioxo .44 40,73 0.96 40.14 -0.59
3,12-Dioxe (52) 1.62 41.29 1.07 40.72 —0.57
7,12-Dioxe 1.16 39,68 .78 39.15 —0.53
7.12-Dioxo (52) 1.37 40.47 0.91 39.90 —-0.57
Trioxo®
3,7.12-Trioxo 1.84 41.91 1.22 41.34 —{.57
3,7,12-Trioxo (5e) 217 42.73 1.45 4218 —{.55
Monoaxo-monohydroxy
3-Ox0-6a-0H 1.39 40.57 1.17 41.15 (.58
3-0Ox0-65-OH 1.28 40.17 1.06 40.66 0.49
3-0Oxo0-72-OH 1.28 40.17 1.04 40.56 0.39
3-Ox0-7e-OH (5z) 1.17 39.72 0.97 40.22 0.50
3-Ox0-74-OH 1.75 41.70 .43 42.09 0.39
3-Ox0-74-OH (5%) 1.53 41.03 1.28 41.61 0.58
3-0Ox0-125-OH 1.16 39.68 0.92 3097 0.29
3-Ox0-12x-OH (52) 1,25 40.04 1.00 40.41 0.37
3-Oxo-12/3-OH (52) 1.25 40.04 1.00 40.41 0.37
6-0x0-38-0O11 (5%) 1.85 41.95 1.61 4269 0.74
T-Oxo-35-0OH 1.38 40.53 1.15 41.08 0.55
12-Ox0-30-OH 1.34 40.37 111 40.91( 0.54
[2-Ox0-38-OH [.34 40.37 I.15 41.08 0.71
12-Ox0-7%-0OH (52) £.00 38,96 0.82 39.40 0,44
12-0Ox0-74-OH 1.15 39.62 0.96 40.14 0.52
12-0Ox0-74-0H (5x) 1.28 40.17 1.06 40.66 0.49
Morooxo-dibydroxy
3-0Ox0-Tx,1 2u-{O11), 1.34 40.37 1.37 41.90 1.53
3-Oxo-77,1 20-(OH),(5%) 1.22 39.89 1.25 41.47 1.58
6-Oxo0-32,78-(0H), (52) 1.46 40.80 1.48 42.30 1.50
7-Ox0-32.60-(OH), 1.38 40,53 1.43 42.09 1.56
7-Oxe-32,12%-(0H), 1.49 40.89 1.47 42.27 1.38
i 1.57 41,15 42.61 1.46

12-0x0-32,7%-(0OH),

.59

{(Conilnued on p. 454)
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TABL T (canrianed)

Position and F1-TMS Mo DMES ¢

v
conflguration
of substiteents RET N RIET M
| 2-Oxo 3 70O, (5o 43058 tol |6
12000357 'r’(iHji LR SIS Lo it
(2 O0x0- 32 TR1O1), (52) 61 A58 s P AT
DO Y- (O, 24 ETTERN (N
0N 3 73 OH D, 157) i LS o s
I1-One-30.7 5000, LAT BN {60 Lo
DOmo- 3T SO0 L 2w 4232 20K Pag
Viosooxa-irtfirdrocy
6-Oxn-32 7@ 22-1OHy, (52 139 40,50 .0y 1102 LY
Diuxi monofvdrox)
712 Dioxo-32 O PR 41 K5 IR 1200 Lo
712 Dioxo-3E00 ) 077 1472 IR 174 o
{irisciircetid
301t 13K 405,52 43
F-0%e-Tr-OF - g7 bt 40,64 iis
3001200808 (RS 4077 [N
SOx0-To | 22-(0H ] - 1* HIRN 403 1A
{2-0%0- 3207 RS BH R [
-0 6K IR [F ety
Ty T R 0.7 i
3O RE (0 e (s
Su-(af g e RIS P8 s
S 3 g s Wb [E Ry
O (1451 RN 0.7 i A
T by (O}, 1 U Rit ATHR3 s
L2t OF Lt s 38y 09 L4
32w OF - 1 Ggs I 7 i1 Eod
Yy § Iy O . R R 2y 4N a0 tan

TRRBT wiucs woere exprossed cchuive o the BETMS o Me-DMES viner doresoves ol GIRICA The
i
dosignation Sz in parentheses vofers Lo “elle™” Grans SeeHi compounids,

RRT and ML values ol these compounds gorrespond b the Ttoor Mo ester dervatives of fiie olvenie

[SSUNRERITE

determined relative to mealikane, The AT ]y~ values {3 which are defined as 1he
differcnces in the MU values between anglogous Me-DMES vod ECTMS ethera are
also listed in the table

Under the derivatizanon conditions, the GC peules avsing rom bile acids con
tatning hydroxy! groups wre assigned o the corresponding ghycinc-conjugated Tit-
TMS or Me-DMES ethers, whereas thase From oxo bile acids which ure nol siseep-
tble to silvlation. correspond 1o the glveine-conjfugated Ftoor Me esters. However.
hoih the ester and cthor derivatives afforded sharp and syviemcoocat peaks on (his
column. with brief analvsis trmes fwathin 13 min for the By ostersand FeTMS ethors.
and withm 17 s for the Mo exters and Me-DMIES cihers F
distinet sepuration ol a mrsiure of oxo and oxo-hydioss bile aoi

iHustrares the

shvoine conlugite

SOINCN.
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Fig. 1. Capiltary GC of a mixture of (2) oxo and (b) oxo-hydroxy 5f-bile acid glycine conjugate isomers as
their Et ester and Me-DMES ether derivatives. Peak identification and position of substituents: | — 3-oxo;
2 = 6-0x0: 3 = T-ox0; 4 = 12-0x0; 5 = Et-TMS cther of GDCA; 6 = 3-oxo-6x-hydroxy. 7 = 3-oxo0-0f-
hydroxy; 8 = 3-oxo-Tu-hydroxy: 9 = 3-oxo-7f-hydroxy: 10 = 3-ox0-12x-hydroxy; and 11 = Me-DMES
ether of GDCA.

Asshown in Fig. 2, plats of the MU values of glycine conjugate Et-TMS ethers
{or Et estes) versus those of the corresponding Me-DMES ethers (or Me esters) al-
forded three regression lines, a, b and ¢, with a similar slope of 1 and good linearity
depending upon the number of hydroxyl groups in the molecules. Line a (Fig. 2},
expressed as v = 1.03x +0.38 (r = 0.998, n = 17), consists of all of the mano-, di-
and trioxo compounds without a hydroxyl group. The straight line reflects the fact
that these compounds show nearly consistent negative A[Uy,]w-r values (ca. - 0.57).
On the other hand, regression line b, expressed as y = 1.03x —0.67 (r = 0994, n =
28), was obtained from the data for compounds with a hydroxyl group (e¢.g. mono-
oxo-monohydroxy and dioxe-monohydroxy), indicating that thesc compounds have
consistent postive A[Unly-r values of ca. 0.50. Further, compounds possessing two
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e ML (Me-OMES ethers and Me esters?

1 i ) :

TR T T R BT B T R ¥

o MU {Et-TmMs ethers and £ esters)

Pl 20 Relationship between the MU sidues of Me-DMES and BECTMS other (or Me and B ooten

i 1 .
Budrons ] croups

febvome-conjugated bile acidsy without (b or with one thi or 1o 00

hvdroxyl groups (v.g mnncm\u-dihydj‘oxy) belong 1o the remainmyg rogrosston 1ne ¢
defined as v = L0y — LGS (- = 0999, 4 = [9 imphying m at the retenton umes ua‘
the Me-IDMES cihers ure mu:h fonger (ea. 133 the |f i - stboesr than those of
the corresponding BEi-TMS others. These signthcant conelivionsare, therofore uawelul
for characterizing cach of the three tvpes of compounds

A expected, glveme-conugated e actds are cluwed much meore slowly than
the corresponding unconjugatos. and the MU \C}ihm\ ahserved] Tor the

shoeine vonjue
gate Me esters and Me-DMUS ethers are in the range 37 44 (1,& A s Jor the un

conjuaates B 38 43 For dhe Brostens and BETMN cthiors Bor the purpose of con-
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parison, the differences in the MU values between the Me-DMES ethers (or Me
esters) ol analogous glycine-conjugated and unconjugated bile acids (determined on a
HiCap CBPM1 column) [4], which arc defined as A[U,, ) v values, were calculated.
The result is expressed graphically in Fig. 3. In analogy with hydroxylated bile acid
glycince conjugates reported previously [2], the A[U, ] -1; values were found to depend
on the number of hydroxyl substituents on the steroid nucleus, and the average values
obtained were as follows: 7.3 for nineteen oxo (S.D. = 0.201), 6.9 for nineteen mono-

oxo-monohydroxy and dioxo-monohydroxy (S.D. = 0.142) and 6.5 for fourteen
monaoxo-dihydroxy (S.1D. = 0.128) compounds, as well as their unsaturated ana-
logues.

The above generalization suggests that the elution order of each group of oxo
and oxo-hydroxy bile acid glycine conjugate isomers is essentially identical and corre-
sponds well with the order observed for the corresponding unconjugates [4] on this
column. In fact, the positional isomers of the oxo bile acid glycine conjugates in both
the 5x and 5f series are well separated as their Et and Me esters. emerging from the
column in the order 12- < 7- < 6- < 3-ketones, 7,12- < 3,12- < 3.7- < 3.,6-
dikelones, and then 3,7,12-triketones, precisely corresponding to the order found for
their unconjugate esters {4]. In addition, the mono-, di- and triketoncs in the 5f series
move faster than the corresponding ketones in the 5x series with the exception of the
C-5 cpimeric 3,6-diketones. Similar behavior was also observed for each of the two
series of the monooxo-monohydroxy and monooxo-dihydroxy isomers.

The relative mobilities of individual analogues of the two derivatives were also
in a similar order. However, some of recalcitrant pairs could be separated successfully
by changing the derivatization from Et to Mec esters or Et-TMS to Me-DMES cthers
(or vice versa). Tor example, while epimeric pairs in the 58 series, 12-oxo-3f-hydroxy
versus 7-ox0-3z-hydroxy and 7,12-dioxo-3e-hydroxy versus 7.12-dioxo-3-hvdroxy,
completely overlap as the Me-DMES cthers, the two pairs are well resolved as the
Et-TMS ethers. The reverse was true for the pairs 3-oxo-6f-hydroxy versus 3-oxo-7a-
hydroxy and 12-oxo-32-hydroxy versus 12-oxo-3ff-hydroxy.

For the positional isomers of unsaturated 3z-hydroxy bile acid glycine conju-
gates, the following order of increasing retention was observed: 47!V < 4% < 4! <
A7 < 430 Inlerestingly, this elution order diflers [rom that found {or the analogous
unsaturated 3, 120-dihydroxy compounds: A% < 47 < 4%

The retention data reported here provide an insight into structural elucidation
of these biologically important glycine-conjugated bile acids. and the method depends
on the ability to measure simultancously unconjugated and glycine-conjugated keton-
ic bile acids in biological fluids in a single profile without prior separation and hydro-
lysis.
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