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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 eEiciency and effectiveness in detailed studies of many kinds of 
bile acid components_ We found that the ammonia chemical ioiiization mass spec- 
trometry gave (M + NH,)’ ions for a!1 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 
chemizd 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 A/?-muricholic acid having a double bond in the side-chain. We 
also found that most components had one double bond in their side-chain. 

INl-RODUCTION 

Bergstriim et al.‘, Eneroth and co-workers2*3, Sj6vall and co-workers**’ and 
Miyazaki and co-worke&’ have presented reports on the gas chromatography 
(GC)-mass spectrometry (MS) of bile acids. Using electron impact ionization mass 
spectrometry (En-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 El-MS. 

Szczepanic et (zl.‘” 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 l ions, and that, althou_gh these bile acids 
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gave IMH’ - 60, MH’ - 60 x 2, and lMHi - 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.” analyzed bile acid methyl esters by GC-CI (CHJ-MS with 
methane as the reagent gas: and found that only keto bile acids gave MH+ ions, and 
that all the other components gave fra_gment ions which were (M + H)’ ions from 
which methanol, water or methane groups were lost_ 

Kuriyama 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 /3-muricholic acid having a double bond in 
its side-chain_ A_ Maquestion et 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 et al. X5 also reported the adduct ion forma- 
tion in ammonia chemical ionization mass spectrometry- 

Various column packings. such as OV-I. OV-17,07/-22X QF-I, AN-600 and 
SP-525, 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 
follow-ing: Yanagisawa et aLi carrkd out trace quantitative analyses of bile acids in 
human liver tissue by the se&ted ion monitoring method, using an SE-30 wall-coated 
open tubular (WCOT) column (25 m x O-35 mm I.D.); Bamesii used an SP-225 
WCOT column (30 m x O-2 mm 1-D.) for studying the permethylation of bile acids. 

We reported”*i3 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 ihat the soiventless glass capillary GC-CI (NH,)-MS method is ef%ctive for 
the identification of so far unknown peaks and minor peaks. 

ESPERIhlENTAL 

d f aterial’s 
The authentic bile acids and cholylglycine hydrolase (Ciostridirm weichii ace- 

tone powder, tys 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 3-5 volumes of methanol containing 0.5 o/0 hydrochloric acid 
was heated for 1 h under gentle reflu.xing, then washed successively with methanol 
and water_ The column used was a WCOT type (20 m x 0.36 mm I-D_), coated with 
SE-30 (LKB, 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.). Bile samples were collected for 30 
rnin after inserting a bile duct cannuia The collected srzg!es were stored at - 15°C 
until the chemical treatments for GC-MS analysis. 

The collect& bi!e sample was add;+ dropwise to 50 ml of ethanol and a&at& 
in an ultrasonic bath,, then the solutior, was heated under refluxing for 10 min_ AI 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 72 % 
ethanol was passed through a column of Amberlyst A-15 (H+) (50 x 16 mm I.D.) 
followed by the elution with 10 ml of 72 % ethanol. The effluent from this column was 
concentrated in VQ’L~CILO and the residue was dissolved in 50 ml of 90 % ethanol- 

A sample containing unconjugatec! and glycine- and famine-conjugated bile 
acids was dissolved in 8 ml of 0.2 B; xe:ate buffer (pH 5.6) and then hydrolysed with 
cholylglycine hydrolase _ I8 After acidifying and extracting with diethyl ether, the un- 
conjugated and hydrolysed bile acids were methylatcd 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 90 o/0 ethanol using 3 mg of platinum oxide. 

Gas cllror,zatograplt-nrass 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 aluminium 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 
ener_q of 20 eV, an emission current of 60 PA and an accelerating voltage of 3.5 kV. 
In the CI-MS the ion source temperature was held at 23O”C, the mass spectra were all 
obtained at an electron ener_w of 500 eV, an emission current of 500 PA and of an 
acceIerating 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 consisting of an 
OKITAC 43OOC minicomputer with 16K core, a printer-plotter and a magnetic disk. 
The mass spectra were stored in a magnetic disk at 3-set intervals and the mass 
chromatograms of desired m/z values were recorded. 

RESULTS AND DISCUSSION 

Gas c~~romtltogroplonia 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 aI_ and Muschik er al_, QM i ions were given only 
by keto bile acids. 

We found in analyses of sugars” and triglycerides” that, although QM+ ions 
are not given 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. 



22
1 

M
II 

-12
0 

M
D-

43
 

M
II-

ID
0 

42
0 

30
9 

31
3 

31
3 

M
-IB

O 

30
8 

M
-12

0 

42
0 

M
-0

0 
M

 ,I-
 

64
0 

40
0 

lu
 

lu
. 

, 
21

0 
Y,

 
91

. 
L 

&I
L 

LA
 

L 
. 

L 
1 

I’ 
. 3

hl
 

#
 

41
0 

5b
O 

I 
1 

I 
m

/r
 

Fi
g,

 
I. 

CI
(N

I&
) 

nn
d 

El
 

m
w

s 
sp

cc
trn

 o
f 

ch
ol

ic
 w

itI
 

m
et

hy
l 

cs
lc

r 
ac

ct
~~

~u
, Th

e 
(M

 
-I-

 N
11

4)
’ 

io
n 

is
 r

cc
or

dc
d 

iit
 w

/z
 5

66
 I

IS
 th

e 
bu

st
 p

en
k 

in
 t

he
 C

I(N
I-I

J 
m

us
s 

9 

sp
ec

tru
m

, 
bu

t 
is

 n
ot

 r
cc

or
tle

d 
in

 t
he

 E
l 

m
us

s 
sp

cc
trw

. 
E 

’ 
1 



CHARACTERIZATION OF BILE ACID DERIVATIVES 575 

We found that in the CI (NH,)-MS analysis of bile acid methylester acetate 
derivatives, all of the keto biie acids, dihydroxy bile acids and trihydroxy bile acids 
gave (M i-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 /3-murucholic acid methyl ester acetate @I-MCA). These mass 
spectra are presumed that the high intensity of the (M f NH,)+ ions is attributable 
to the bonding of the basic NH4 -r ion in the molecule. This intramolecular bonding 
occurs in CA at the 3a-OAc, 7a-OAc and 12a-OAc, and in /I-MCA of 3a-OAc, 
68-OAc and 7/3-OAc positions. The-COOCH, group hardly combines with NH,+ ion 
in the molecule_ This can he seen from the CI(NH,)-IMS spectra of the methyl ester 
trimethylsilylated derivatives. In these derivatives, the only position where intramolec- 
ular bonding with NH, t 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*)’ ion is recorded at ~njr 566 as 
the base peak. In the EI-mass spectrum, the peak of the largest mass number is the 
M - 60 (CH,COOH) peak recorded at a low intensity at m/z 4SS. The CI( NH,) mass 
spectrum always has a peak at m/z 224, probably given by the steroid skeleton_ The 
EI mass spectra give more information on chemical structures_ In Figs_ 1 and 2, for 
exampie, CA and #?-MCA, which are both trihydroxy bile acids, can be easily dif- 
ferentiated in the EI mass spectrum, while they are hardly difherentiated in the 
CI(NH,) mass spectrum. 

Some components cannot bc 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/z 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/z 426 (M - 60 - IS) and m/r 384 (M - 120 - IS), which are fragment ions 
of 7-keto-DCA, cannot be distinguished from the fragment ions of nr/-_ 444 (M-60- 
42), ~n/z 426 (M - 120) and M/Z 384 (M - 1 SO - 42) of trihydroxy bile acids, which are 
given when one double bond e.xists in the molecules. 

Fig. 4 shows the CI(NH3 and EI mass spectra of the main peak of d&muri- 
cholic acid methyl ester acetate. In the CI(NH,) mass spectrum, the QMi ion was 
recorded at m/z 564. In the spectra of CA and B-MCA shown in Figs. t and 2, the 
QM+ ions were recorded at m/z 566. Compared with these spectra, that in Fig. 4 &es 
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Fig. 5. Total ion chromatogram obtained by glass capiilary column GC-Et-MS. (A) After catalytic hydro- 
swation; (B) before catalytic hydrogenation_ 

the QM+ ion 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 &XMCA, which is &MCA having a double bond in the 
molecule_ Also, the data provided by the CI(NH,) mass spectrum on the QMi ion 
show that the molecules of dihydroxy and trihydroxy bile acids. as well as Bjl-MCA, 
have double bonds in their molecules_ The EI mass spectra were further studied to 
determine the positions of double bonds. Not only the molqcular ion but also the 
fragmentionssuchasM-60, M-60-42, M-120, M-120-42andM-IgOand 
the ion 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 am-u. lower. The nz/z 313 and 253 ions produced when the sidechains 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 side-chains, but it is probable that it occurs 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 
C&NH,)-MS and EI-MS. None of the compounds that we presumed to have a 
double bond was detected. 

Glass c~piilary~~olr~lrn GC-elecfron impact ionization mass ch-omurogmphy 
As described earlier, the technique using QJK(NH,)-MS is effective for determin- 

ing molecular weights but is not very effective for structural studies. We identikd the 
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fig 6. Mass chromarograms from scans 6&l IO (A) and from scans 70-120 (B). (A) is the MC of the m/z 
370 ion. and gives the peaks for HDCA and UDCA. (5) is the MC of the ml= 370 and ions and gives the 
peaks for HDCA, UDCA, 4HDCA and LIUDCA. The MC of thenrjz 255 iort formed when two acetic_acid 
groups and side-chains are cleaved off is common to HDCA. LJDCA, dHDZA and LWDCA. This shows 
the presence of double bond in the sidechains. The MC of the rn!z 329 ion shows the presence of %keto- 
DC_4. The ion at m/z- 3 I3 is aot influenced by catalytic hydrogenation_ The EI map spectrum shoas that it 
is trihydroxy bile acid 

componen*s by eiectron 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 
Ie:ters were identified; those marked with numerals correspond to representative bile 
acid components, and those with Ietters were identified in our exlJczriments_ 

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

Fig. 6 shows the data obtained by MC. The ion at m/z 370 (IM -CH,COOH x 
2) is seen on both chromatograms A and B as HDCA and UDCA. The ion at m/z 368 
(M - CH,CdOH x 2), Iower than m/r 370 by 2 am_u., is seen only on chromato- 
gram $3. This shows that sample B contains dHDCA and bUDCA. 

Th< ion at In/-_ 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, dHDCA and bUDCA, which indicates that ‘rhe double bond is 
present in the side-chains. If the double bond were to be present in the steroid skele- 
ton, dHDC_A and dUDCA would give an MC peak at m/z 253_ dCDCA is also 
present in dihydroxy bile acid. 
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Fig. 7. MC of 3,6,7-ttihydrosy bile component. In (A), HCA, a-MCA, o-MCA and B-MCA are KX~. Ia 
(B). 4HCA. 42--MCI\, do-MCA aad dB_MCA are seen in addition to these components. 

The ion at m/z 329 corresponC;s to 7-keto-DCA from which one acetic acid 
gtoup and side-chain have been cleztved off. It is the LK of the mass spectra of 
HDCA and 7-keto-DCA shown in Fig. 3. 

Only component b gives the (M c NH,)+ ion at m/z 566 (molecular weight 
54S), is not influenced by catalytic hydrogenation and gives an EE mass spectrum 
similar to that of CA md allo-CA: the base peak is recorded at m/z 253 and the main 
fragment peaks at m/z 313, 368 ;-ad-428. This indicates that the component b is 
3,7,12-trihydroxy bile acid_ We presumed it-to be CI,5j?3~OAciaOAc123cOAc. 
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TABLE I 

IDENU’IFICXTlON OF BILE ACIDS BY GLASS CAPILLARY COLUMN GAS 
CHROMATOGRAPHY-ELECTRON IMPACT, CHEMICAL IONIZATION MASS SPE~ROIM- 
EI’RY 

PeIZk 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
I3 
a 
b 
C 

d 
e 
f 
g 
h 
i 

Compound 

Lithocholate (C,, 5fizOAc) 
Deoqxholate (C,,5~zOAc12zOAc) 
Cbenodeoxycholate (C&33zOAc7zOAc) 
FKetoiithochoIate (C2,5B3zO*c7C=O) 
Chohte (C&33zOAc7xOAcl2zOAc) 
Hyodeoxycholate (C,,5&WXc6zOAc) 
7-Kctodcosychoiate (C&?3zOAc7C = 01 2zOAc) 
Unodeo~~hohtc (C,,5_83zOAc7@OAc) 
Hyzholate (C_,5~3zOAc6zOAc7zOAc) 
AlloshoIate (~,5z3zOAc7zOAcl%OAc) 
z-Wu-icholate (C&?3zOA~OAc7xOAc) 
c+MurichoIate (C,,5~zOAc6zOAc7goAc) 
&IMuricholate (~,5~zOA&?OAc7gOAc) 
d-CbcnodeoxychoIate (C&33xOAc7zOAc) 
- (C,,S~~Ac?rroAc:2zOAc) 
U-IyCdeoxyhola:e (LtC_,5~3zOAc&OAc) 
A-Ursodioxycbolate (~lC,5~zOAc7/3OAc) 
d-Hyochohte (C,,S/?3zOAc6zOAc7zOAc) 
AZ-Murkhole (C2,5/&OAc6j3CAc7xOAc) 
Unidentified (not bile acid) 
dcz-Moricboiate (4C,,5BjzOAc6xQAc7~Ac) 
$I-Muricholate (~C,,Sj33zOAc6~OAc7~OAc) 

Mf M i- IVH,- 

432 450 
490 50s 
490 508 
446 &%I 
548 566 
490 508 
504 522 
490 50s 
548 566 
545 566 
548 566 
548 566 
548 . 556 
488 
548 zz 
585 506 
488 506 
546 564 
546 -%4 
368 369 
546 564 
546 564 

3,6,7-Trihydroxy bile acid gives the base peak at m/z 384 and main fragmsnt 
peaks at nzjz 368,428 and 4%. Fig. 7 shows the mass chromatograms of the base peak 
(m/r 386) and of the peak at m/z 384. Sample A gives the MC peaks of HCA, z-MCA, 
o_MCA and /I-MCA atti-ibutable to the m/z 384 ion. Sample B gives, in addition to 
ah of these peaks. the MC peaks of JHCA, da-MCA, do-MC& and d&MCA_ 

The MC of the ion at m/z 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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