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SUMMARY

Methyl ester acetate derivatives of rat bile acids were analysed by a combined
technique of solventless glass capillary gas chromatography and electron impact and
ammonia chemical ionization mass spectrometry. Glass capillary columns ensure an
excellent separating efficiency and effectiveness in detailed studies of many kinds of
bile acid components. We found that the ammonia chemical iomization mass spec-
trometry gave (M +NH,)™" ions for all the methyl ester acetate derivatives of bile
acids, and that these ions had intensities equal, or almost equal, to that of the base
peak. This indicates that the technique is useful for the identification of unknown
components, especially at trace levels. The results of electron impact and ammonia
chemi-al ionization mass spectrometry of the major compound and the product
obtained by catalytic hydrogenation of the compound indicated that this bile acid
was a derivative of AB-muricholic acid having a double bond in the side-chain. We
also found that most components had one double bond in their side-chain.

INTRODUCTION

Bergstrom er al.', Eneroth and co-workers®, Sjovall and co-workers** and
Miyazaki and co-workers®’ have presented reports on the gas chromatography
(GC)—mass spectrometry (MS) of bile acids. Using electron impact ionization mass
spectrometry (EI-MS), they made detailed study of the method of derivatization and
fragmentation and succeeded in obtaining useful information on the structures of bile
acids.

Chemica: ionization mass spectrometry (CI-MS)®-°, which has the advantages
that fewer fragment ions are produced and that the molecular ion intensities are
higher, has been used for the analysis of bile acids, in addition to EI-MS.

Szczepanic ef al.'® analysed bile acid methyl ester derivatives by isobutane CI-
MS, and fcund that only keto bile acids gave MH™ ions, that monohydroxy, dihy-
droxy and trihydroxy bile acids gave no MH* ions, and that, although these bile acids
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gave MH™ — 60, MH™ — 60 x 2. and MH™ — 60 x 3 ions (which are molecular
ions without the acetic acid groups), these ions were not very useful for the qualitative
analysis of multi-component samples.

Muschik et al.!! analysed bile acid methyl esters by GC-CI (CH,)-MS with
methane as the reagent gas, and found that only keto bile acids gave MH* ions, and
that all the other components gave fragment ions which were (M +H)™ ions from
which methanol, water or methane groups were lost.

Kurivama and co-workers!?-!3 analysed bile acid methyl ester acetate deriva-
tives by GC-CI (NH;)-MS. and found that the (M + NH,)* ions which are the QM™*
ions were detected at intensities almost equal to that of the base peak. They succeeded
in identifying an unknown component as f-muricholic acid having a double bond in
its side-chain. A. Maquestion ez al.'* reported the formation of some cation to ali-
phatic and aromatic ketones using ammonia chemical ionization mass analyzed ion
kinetic energy spectrometry, and Carroll ez al.*> also reported the adduct ion forma-
tion in ammonia chemical ionization mass spectrometry. )

Various column packings. such as OV-1, OV-17, OV-225. QF-1, AN-600 and
SP-325, were tried in this analysis, but none gave satisfactory separations. Although
glass capillary columns ensure for better separations, there have been few reports on
their application in GC-MS analysis. Among the few examples of the reports are the
following: Yanagisawa et al.*® carried out trace quantitative analyses of bile acids in
human liver tissue by the selected ion monitoring method, using an SE-30 wall-coated
open tubular (WCOT) column (25 m x 0.35 mm I.D.); Barnes!” used an SP-225
WCOT column (30 m x 0.2 mm I.D.) for studying the permethylation of bile acids.

We reported’*!3 that. in GC—CI (NH;)-MS analysis of bile acid methyl ester
acetate derivatives, all the bile acids gave (M +NH,)¥ ions. Our recent experiments
showed that the solventless glass capillary GC-CI (NH;)-MS method is effective for
the identification of so far unknown peaks and minor peaks.

EXPERIMENTAL

Marerials

The authentic bile acids and cholylglycine hydrolase (Clostridiium welchii ace-
tone powder, type IV) were purchased from Sigma (St. Louis, MO, U.S.A.). Amber-
lite XAD-2 and Amberlyst A-15 (H™) resins were supplied by Rohm and Haas
(Philadelphia, PA, U.S.A.). The XAD-2 resin was treated as follows prior to use. A
suspension of resin in 35 volumes of methanol containing 0.5 % hydrochloric acid
was heated for 1 h under gentle refluxing, then washed successively with methanol
and water. The column used was a WCOT type (20 m x 0.36 mm 1.D.), coated with
SE-30 (LK B, Stockholm, Sweden).

Preparation of bile

Male Wistar rats (200-250 g) were fasted for 24 h before the analysis, then
anaesthetized with pentobarbital (50 mg/kg, i.p.). Biie samples were collected for 30
min after inserting a bile duct cannula. The collected samples were stored at — 15°C
until the chemical treatments for GC-MS analysis.

The collected bile sample was added dropwise to 50 ml of ethanol and agitat»d
in an ultrasonic bath, then the solutior. was heated under refluxing for 10 min. A~ er
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cooling to room temperature, the insoluble materials were filtered off and the filtrate
was concentrated under reduced pressure. A solution of the residue in 50 ml of 729/
ethano! was passed through a column of Amberlyst A-15 (H*) (50 x 16 mm L.D.)
followed by the elution with 10 ml of 72 9 ethanol. The effluent from this column was
concentrated in vacuo and the residue was dissolved in 50 ml of 809 ethanol.

A sample containing unconjugatec and glycine- and taurine-conjugated bile
acids was dissolved in 8 ml of 0.2 s »cezate buffer (pH 5.6} and then hydrolysed with
cholylglycine hydrolase!®. After acidifying and extracting with diethyl ether, the un-
conjugated and hydrolysed bile acids were methylated with diazomethane and then
acetylated by heating with 2 ml of acetic anhydride at 140°C for 4 h'°. Each meth-
ylated and acetylated sample was evaporated to dryness and the residue was dissolved
in 0.2 ml of acetone.

Catalytic hydrogenation of the methyl ester acetate of bile acids was performed
at room temperature in 5 ml of 909/ ethanol using 3 mg of platinum oxide.

Gas chromatograph—mass spectrometer

GC-EI/CI-MS analyses were performed on LKB-2091 and Shimadzu AUTO
GCMS-6020 instruments equipped with an EI/CI dual ion source using an all-glass,
solventless injector constructed according to Van den Berg and Cox?°, mounted in
the heated injector block of the column oven.

Open-tubular glass capillary columns (20 m x 0.36 mm I.D.) coated with SE-
30, were held in aivminium column holders. The column temperature was program-
med from 250 to 290°C at 2°C/min and kept isothermal at 290°C until the last peak
had been recorded.

The mass spectrometric conditions for EI-MS were as follows: the ion source
temperature was held at 310°C; the mass spectra were all obtained at an electron
energy of 20 eV, an emission current of 60 ¢A and an accelerating voltage of 3.5 kV.
In the CI-MS the ion source temperature was held at 230°C, the mass spectra were all
obtained at an electron energy of 500 eV, an emission current of 500 zA and of an
accelerating voltage of 3.5 kV. Ammonia was used as the reagent gas and the pres-
sure in the ion source was adjusted to 0.9 Torr.

The data processing system included a GCMS-PAC 500 FDG counsisting of an
OKITAC 4300C minicomputer with 16K core, a printer—plotter and a magnetic disk.
The mass spectra were stored in a magnetic disk at 3-sec intervals and the mass
chromatograms of desired mi/z values were recorded.

RESULTS AND DISCUSSION

Gas chromatography—ammonia chemical ionization mass spectrometry

In the GC-EI-MS analysis of bile acids, keto bile acids were the only com-
pounds that gave molecular ions; no other bile acids gave molecular ions in any
derivative form. If isobutane of methane was used as the reagent gas in the CI-MS of
bile acids, as used by Szczepanik et al. and Muschik et al., QM * ions were given only
by keto bile acids.

We found in analyses of sugars®! and triglycerides®? that, although QM ™ ions
are not giver when isobutane or methane is used as the reagent gas, the molecular
ions are seen if ammonia is used. We applied this method to the analysis of bile acids.
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We found that in the CI (NH;)-MS analysis of bile acid methylester acetate
derivatives, all of the keto bile acids, dihydroxy bile acids and trihydroxy bile acids
gave (M+NH,)* ions. However, if the bile acids were derivatized into methyl ester
trimethylsilylated derivatives, none of them gave (M +NH,)" ions even when am-
monia was used as the reagent gas.

Figs. 1 and 2 show the CI(NH;) and EI-MS spectra of cholic acid methyl ester
derivatives (CA) and S-murucholic acid methyl ester acetate (8-MCA). These mass
spectra are presumed that the high intensity of the (M + NH,)" ions is attributable
to the bonding of the basic NH, ™ ion in the molecule. This intramolecular bonding
occurs in CA at the 3a-OAc, 72-OAc and 122-OAc, and in f-MCA of 3x-OAc,
6B-OAc and 78-OAc positions. The—COOCH; group hardly combines with NH,, * ion
in the molecnle. This can be seen from the CI(NH,)-MS spectra of the methyl ester
trimethylsilylated derivatives. In these derivatives, the only position where intramolec-
ular bonding with NH,* ion can possibly occur is the -COOCH; group, but in fact
this group does not give any (M +NH,)* ion. It is known that (M + NH.)" ions are
seen in the CI(NH,)-MS spectra of fatty acid methyl esters. The fact that the
—COOCH,; group of some compounds gives (M + NH,) ™ ions and that of other com-
pounds does not may be explained by the influence of the stereoscopic conformation
of the molecules concerned.

In the CI(NH,) mass spectrum, the (M +NH 2)* ion is recorded at m/= 566 as
the base peak. In the El-mass spectrum, the peak of the largest mass number is the
M — 60 (CH;COOH) peak recorded at a low intensity at m/= 488. The CI(NH;) mass
spectrum always has a peak at m/= 224, probably given by the steroid skeleton. The
EI mass spectra give more information on chemical structures. In Figs. 1 and 2, for
example, CA and B-MCA, which are both trihydroxy bile acids, can be easily dif-
ferentiated in the EI mass spectrum, while they are hardly differentiated in the
CI(NH;) mass spectrum.

Some components cannot be separated by either a packed column or a capil-
lary column. Fig. 3 shows the CI(NH,) and the EI mass spectra of hyodeoxycholic
acid methyl ester acetate (HDCA) and 7-ketodeoxycholic acid methyl ester acetate (7-
keto-DCA), which cannot be separated even with a capillary column. In the EI mass
spectrum, these two compounds, which are recorded as main peaks, or peaks as
intense as the main peaks, on the chromatogram can be identified from the fragment
ion peaks, but they cannot be identified from the fragment peaks if they are not so
intense on the chromatogram and, moreover, are overlapped by intenser peaks. In the
CI(NH;) mass spectrum, the QM ™ ions of HDCA and 7-keto-DCA are recorded at
m/= 508 and 522, respectively. These two peaks show that dihydroxy and keto bile
acids coexist. The EI mass spectrum is informative about chemical structure only
when the information about molecular weight is given. The three ions at m/z 444
(M —60), m/= 426 (M —60—18) and m/z 384 (M — 120 — 18), which are fragment ions
of 7-keto-DCA, cannot be distinguished from the fragment ions of m/z 444 (M-60-
42), mfz 426 (M — 120) and rr1/z 384 (M — 180 — 42) of trihydroxy bile acids, which are
given when one double bond exists in the molecules.

Fig. 4 shows the CI(NH;) and EI mass spectra of the main peak of 48-muri-
cholic acid methyl ester acetate. In the CI(NH;) mass spectrum, the QM ™ ion was
recorded at m/z 564. In the spectra of CA and f-MCA shown in Figs. t and 2, the
QM ions were recorded at m/z 566. Compared with these spectra, that in Fig. 4 gives
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Fig. 5. Total ion chromatogram obtained by glass capillary column GC-EI-MS. (A) After catalytic hydro-
genation; (B) before catalytic hydrogenation.

the QM™ icn at a position lower by 2 a.m.u. This shows the presence of one double
bond in the molecule. The combination of the CI(NH,) and EI mass spectra shows
that this compound is A8-MCA, which is §-MCA having a double bond in the
molecule. Also, the data provided by the CI(NH;) mass spectrum on the QM ™ ion
show that the molecules of dihydroxy and trihydroxy bile acids, as well as 4A8-MCA,
have double bonds in their molecules. The EI mass spectra were further studied to
determine the positions of double bonds. Not only the molecular ion but also the
fragment 1ons such as M—60, M—-60—42, M —120, M —120—-42 and M —180 and
the 10n of m/=z 351 of trihydroxy bile acids were recorded at positions 2 a.m.u. lower
than the ions having no double bonds. In other words, the fragment ions produced in
the process in which the hydroxy groups are cleaved off one by one are recorded at
positions 2 a.m.u. lower. The m/z 313 and 253 ions produced when the side-chains are
cleaved off are given by both compounds having double bonds and those having no
double bonds (dihydroxy groups commonly give m/z 315 and 255 ions).

We can conclude from these facts that the double bond is present in the side-
chains. We could not obtain the fragment ions that indicate the position of the double
bond in the sidechains, but it is probable that it cccurs at one of the positions
b:tween the 20th and 21st, 20th and 22nd and 22nd and 23rd positions.

Further, the sample was treated by catalytic hydrogenation, and analysed by
CH(NH;)-MS and EI-MS. Neone of the compounds that we presumed to have a
double bond was detected.

Glass capillary colitmn GC—electron impact ionization mass chromatography
As described earlier, the technique using CI(NH;)-MS is effective for determin-
ing molecular weights but is not very effective for structural studics. We identified the
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Fig 6. Mass chromatograms from scans 60-110 (A) and from scans 70120 (B). (A) is the MC of the »z/-
370 ion. and gives the peaks for HDCA and UDCA. (B) is the MC of the m/z 370 and ions and gives the
peaks for HDCA, UDCA, AHDCA and 4UDCA. The MC of the m/z 255 ion formed when two acetic acid
groups 2nd side-chains are cleaved off is common to HDCA, UDCA, 4HD-CA and AUDCA. This shows
the presence of double bond in the side-chains. The MC of the m/= 329 fon shows tke presence of 7-keto-
DCA. The ion at m/= 313 is not influenced by catalytic hvdrogenation. The EI mass spectrum shows that it
is trihydroxy bile acid.

components by electron impact ionization mass chromatography (MC). Fig. 5 shows
the total ion chromatograms (TIC) of samples before (B) and after catalytic hydrogen-
ation (A). Of the many components detected, those marked with numerals and
Ietters were identified; those marked with numerals correspond to representative bile
acid components, and those with letters were identified in our experiments.

The peaks a-h, except for b, in the chromatogram B are not seen in chromato-
gram A. This indicates that all of these peaks have double bonds.

Fig. 6 shows the data obtained by MC. The ion at m/z 370 (M —CH;COOH x
2} is seen on both chromatograms A and B as HDCA and UDCA. The ion at m/z 368
(M —CH,COOH x 2), lower than /m/z 370 by 2 a.m.u., is seen only on chromato-
gram B. This shows thar sample B contains AHDCA and AUGDCA.

The ion at m/= 255 corresponds to the dihydroxy bile acid from which two
acetic acid groups and side-chains have been removed by cleavage. This ion is seen in
HDCA, UDCA, 4HDCA and AUDCA, which indicates that the double bond is
present in the side-chains. If the double bond were to be present in the steroid skele-
ton, AHDCA and AUDCA would give an MC peak at m/fz 253. ACDCA is aiso
present in: dihydroxy bile acid.
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Fig. 7. MC of 3,6,7-trihydroxy bile component. In (A), HCA, a-MCA, «-MCA and -MCA are seen. In
(B), 4HCA, 4x-MCA, 40-MCA ancé 48-MCA are seen in addition to these components.

The ion at m/z 329 corresponds to 7-keto-DCA from which one acetic acid
group and side-chain have been cleuved off. It is the MC of the mass spectra of

HDCA and 7-keto-DCA shown in Fig. 3.
Only component b gives the (M +NH,)" ion at m/z 566 (molecular weight

548), is not influenced by catalytic hydrogenation and gives an EI mass spectrum
similar to that of CA and allo-CA: the base peak is recorded at m/z 253 and the main
fragment peaks at mfz 313, 368 nad 428. This indicates that the component b is
3,7,12-trihydroxy bile acid. We presumed it to be C,:5830Ac7aOAc12z0Ac.
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TABLE]

IDENTIFICATION OF BILE ACIDS BY GLASS CAPILLARY COLUMN GAS
CHROMATOGRAPHY-ELECTRON IMPACT, CHEMICAL IONIZATION MASS SPECTROM-
ETRY

Peak Compound M* M+ NH,™
1 Lithocholate (C,, 583x0Ac) 432 4350
2 Deoxycholate (C,,58320Ac1220Ac¢) 490 508
3 Chenodeoxycholate (C;,58320Ac7z0Ac) 490 508
4 7-Ketolithocholate (C,,583270Ac7C=0) 446 464
5 Cholate (C,.58320Ac7x0Ac1220Ac) 548 566
6 Hyodeoxycholate (C,,58320Ac6x0Ac) 490 508
7 7-Ketodeoxycholate (C,,583x0Ac7C =01220Ac) 504 522
8 Ursodeoxycholate (C,,58370Ac780AC) 490 508
9 Hyozholate (C,583x0Ac6x0Ac720Ac) 548 566

10 Allo-cholate (C5;32310Ac7a0OACcI2x0AC) 548 566

il x-Muricholate (C,,58370Ac680Ac720Ac) 548 566

12 w-Muricholate (C,,58370Ac6x0AcTFOAC) 548 566

13 B-Muricholate (C,.583x0Ac680Ac780Ac) 548 . 566

a 4-Chenodeoxycholate (C,.583x0Ac7x0AC) 488 506

o — (C,,58380Ac720Aci220Ac) 548 566

c A-Hyodeoxycholate (AC, . SA320Ac620Ac) 488 506

d A-Ursodioxycholate (4C. ;583x0Ac780Ac) 488 506

e A-Hyocholate (C,,58320Ac6x0Ac720Ac) 546 564

£ Ax-Burichole (C,5p53aOAEPCACTOAC) 546 364

-4 Unidentified {not bile acid) 368 369

h AerMuricholate (4C,,38320Ac610ACTBOAC) 546 T 564

i 4B-Muricholate (4C, 583 10Ac680ACc780AC) 546 564

3,6,7-Trihydroxy bile acid gives the base peak at mz/z 386 and main fragm=nt
peaks at mjz 368, 428 and 446. Fig. 7 shows the mass chromatograms of the base peak
{(mf= 386) and of the peak at m/z 384. Sample A gives the MC peaks of HCA, 2-MCa,
«w-MCA and B-MCA attributable to the m/z 386 ion. Sample B gives, in addition to
all of these peaks. the MC peaks of AHCA, Aa-MCA, Aw-MCA, and A8-MCA.

The MC of the ion at mfz 253 shows that 3,6,7-trihydroxy bile acid has a
double bond in its side-chains. 3,7,12-Trihydroxy bile acid has no components that
have a double bond.

Table I shows the identification results.
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