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HIGH-PERFORMANCE LIQUID 

EFFECT OF HYDROXYL GROUPS AT C-3,6,7 
CHROMATOGRAPHY OF BILE ACIDS. 

AND 12 ON BILE ACID MOBILITY 

ASEOK K. BAT"& SURESET K. AGGARWa 
ANDGERALDSALEN 

DepartmentofMedieineandsOmmyDavis, Jr. LiverI?ts&ute 
Universiry of Medicine and lknt&by of New J w - N e w  J i m y  M& Schod 

100 Betgen Street, Nenmk, New Jersqt 07103 and 
VetemnsAdkinisttntionMedicalW 

Tmwnt Avenue, East Omnge, New J i m y  07019 

ABSTRACT 
The high-performance liquid chromatographic characteristics of a num- 

ber of bile adds with hydro groups at C-3,6,7 and 12 positions are 
reversed hase columns and mobile phase reported. using t+xcwq8 

consisting of acet /water/methano /acetic acid mixtures, it was found 
that compounds with@-h droxyl rwps were eluted much earlier than those 
witha-hydro@ groups. rYntrodu& n of a hydroxyl group caused a marked 
increase in polarlty of the bile acid, however, the effect was not well defined 
in bile acids with mind glycol system at CS,7. The retention volumes of the 
various bile acids were r roducible and can be useful for characterization 
of bile acids in biological 7? uids. 

P 

1NTRODUCTlON 

Bile acids hydroxylated at CS have been isolated in the bile of several 

animal species. Thus, a-, @ - and o-muriChok acids are present in substan- 
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468 BATI’A. AOGARWAL, AND SALEN 

tial amounts in rat bile (1) while the major bile acids in the pig are 

hyodeoxycholic acid and hyocholic acid (2). Although only trace quantities 

of these compounds are present in humans, substantial amounts are ex- 

creted in the urine of patients with hepatobiliary diseases. Several tri- and 

tetrahydroxylated bile acids with hydroxyl group at C-6 have been reported 

in the serum and urine of patients with primary biliary cirrhosis and chronic 

hepatitis (3-8). It is considered that 6-hydroxylation is a mechanism for the 

liver to get rid of excessive amounts of toxic endogenous bile acids in these 

diseases (9). These bile acids are further glucuronidated and the glucuron- 

ides are preferentially excreted in the urine (10). In order to make a sensible 

correlation of the presence of these compounds with the disease, it is impor- 

tant to have analytical methods for detection and isolation of the various 6- 

hydroxy bile acids from biological fluids. A number of bile acids of this series 

have been recently synthesized (1 1-15). We report herein high performance 

liquid chromatographic characteristics of several 6a - and @3 -hydroxy bile 

acids and compare their retention volumes with those of the corresponding 

bile acids without a hydroxyl group at C-6. Since most of the bile acids 

studied are well resolved in the solvent systems employed, we hope that the 

method will be useful for the isolation of these bile acids from biological 

fluids. 

MATFRIALS AND METHODS 

Cholic acid, chenodeoxycholic acid, deoxycholic acid, liihocholic acid 

and 3a ,W -dihydroxy-fus -cholanoic acid were purchased from Steraloids, Inc. 
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470 BAT"& AGGARWAL, AND SALEN 

q8 reversed-phase column (100 x 8 mm I.D., 5pm particle size) was 

employed for the chromatography. A guard column (Waters Associates) 

with reversed-phase material was placed before the separation column. 

A 3-1Opg amount of the bile acid dissolved in 5 pl methanol was injected 

into the HPLC column. Solvent systems containing the following propor- 

tions of acetonitrile/water/methanol/acetic acid (v/v) were used for the 

analysis depending on the polarity of the bile acid under study: 70:70:20:1 

(solvent system A); 60:70:20:1 (solvent system B); 50:70:20:1 (system C); 

40:70:20:1 (system D); 30:70:20:1 (system E). The flow rate was maintained 

at 2 ml/min (operating pressure, ca 10.3 x 1 6  KPa). 

RESULTS AND DISCUSS ION 

Table 1 shows the HPLC retention volumes of various bile acids epimeric 

at C-3, C-7 and C-12. It is clear from the table that @ - orientation of the hy- 

droxyl group renders the bile acid more hydrophilic and it is eluted earlier 

from the column than the corresponding a-hydroxy derivative (18,19). Thus, 

isobile acids have greatly reduced retention volumes than the corresponding 

3a -hydroxy bile acids and the effect is even more pronounced in case of the 

78 - and 1 a -hydroxy derivatives of the bile acids (Table 1). This is in accor- 

dance with the finding of Shaw et al (18). The retention volumes of the vari- 

ous compounds were greatly altered with change in the polarity of the sol- 

vent system. Thus, reducing the volume of acetonitrile in the solvent system 

(solvent systems B, C and D) resulted in greatly increased retention volumes 

for all compounds (Table l), the effect was more pronounced on the more 

hydrophobic bile acids with all axially oriented hydroxyl groups. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



HPLC OF BILE ACIDS 47 1 

rn 
HPLC Retention Volumes of Bile Acids Epimeric at C3, C-7 and C-12 a. 

HPLC retention volu me fml) 

5JsGholanOicadd A b  B C D 

3a -Hydroxy- 
@ -Hydroxy- 
3rr ,7a-Dihydroxy- 
@ ,7a-Dihydroxy- 
3rr ,78 -DihydrOxy- 
@ ,78 -Dih droxy- 
3rr ,l&-Di&droxy- 
&,l@-Dihydro - 
3a ,7a, 1 & -Triqroxy- W ,7a, 1 & -Trihydroxy- 

3rr ,7a , 1 -Trihydroxy- 
3rr ,78 ,I @ -Trihydroxy- 

&,78 ,l&-TrihydroXy- 

110.6 - c  

96.6 
29.8 43.0 
17.0 23.4 
11.7 16.0 
10.8 14.0 
34.1 49.4 
15.4 21 .o 
12.1 16.6 
6.8 8.0 
5.2 6.1 
5.2 6.0 
3.6 3.8 

89.4 
43.5 
26.0 
24.0 
103.2 
34.0 
30.6 
13.4 
7.9 
7.8 
4.4 

74.6 
48.0 
38.8 

70.0 
56.2 
25.8 
12.9 
12.8 
5.3 

a HPLC of the bile adds was performed on a cc Bondapak 5 p m reversed-phase 
C,8 column. For HPLC operating conditions, see 'Experimental' section. 

bSolvent systems: A, scetonitrile-water-methand-8cetic acid (70:70:20:1); 6, 
acetonitrib-water-methadacetic acid (60:70:20:1); C, acetonitiile-water- 
methanol-acetic acid (5O:70:2O: 1); D, acetonitrile-water-methanol-acetic acid 
(40:70:20:1). Flow rate, 2 ml/min. Operating pressure, ca 10.3 x 16KPa. 

Retention volume was not determined. 

The retention volumes of some Q - and @3 -hydroxylated bile acids are 

shown in Table 2. Addiion of a hydroxyl group at C-6 resulted in reduced 

retention volume of the bite add. Like bile acids with a-oriented hydroxyl 

groups at C-3, C-7 and C12 (Table l), hyodeoxycholic acid with a &- 

hydmyl group had a substmWly higher retention volume as compared 

with 3a ,Qdihydroxy-$3-cholanoic acid which has a Q3-hydroxyI group. In 
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472 BAlTA, AGOARWAL, AND SALEN 

I4HmE2 
HPLC Retention Volumes of 6-Hydroxylated Bile Acids. 

.HPLC retention volume (ml) 

58 -Cholanoic acid B "  C D E 

3a ,Q-Dihydroxy- 
3a,@-Dih dro - 
3a ,@ ,7a-Trihydroxy- 
3a ,Q ,78 -Trihydroxy- 
3a ,@ ,7pTrihydro 
3a ,Q ,7a , 12a -Tetr&droxy- 
3a,@ ,7a1l2a-Tetrahydroxy- 
3a ,Q ,7p ,12a -Tetrahydroxy- 
3aI@,78,12a-Tetrahydroxy- 
3a ,@ ,7a ,12@ -Tetrahydroxy- 
3a ,@ ,7p ,128 -Tetrahydroxy- 

3a,6aI7a- + Y  rihy roxy- 

17.5 33.2 
12.5 21.2 
12.7 18.8 
8.2 11.6 
7.6 10.8 
9.4 13.7 

59.4 
42.0 
38.8 
21.8 
20.2 
26.0 
11.9 
7.6 
5.6 
7.4 
4.0 
4.3 

,b 

100.6 
50.6 
46.3 
59.3 
26.8 
14.5 
11.0 
14.1 
4.8 
5.4 

*Solvent s stem: B, C and D, see Table 1. Solvent System El acetonitrile- 
water-me&anol-acetic acid (3O:70:20: 1). Flow rate, 2 ml/min. Operating 
pressure, ca 10.3 x 16KPa. 

bRetention volume was not determined. 

their attempt to define a structure-mobilii relationship of bile acids, Shaw et 

al used the terms 'a - and p -surface' of the bile acid molecule (1 8). 'a - 
Surface' is the term used to describe the side below the plane of the ring 

system while 'f3 -surface' denotes the side above the plane of the ring system 

and contributes most to the hydrophobicity of the compound. They ob- 

served that for bile acids with hydroxyl groups present only on the a -surface 

of the molecule, there was a good agreement between the calculated and 

observed mobilities of the various bile acids, provided the hydroxyl groups 

were spaced sufficiently apart. The Q -hydroxy group in hyodeoxycholic 
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HPLC OF BILE ACIDS 473 

acid is, however, equedorbl and coplanar with theB-sWFace of the com- 

pound and therefore the hydrophobicity due to the 8-surcaCe is reduced. 

This remlers the compwnd more hydrophib than the dihydroxy bile acids 

like chenodeoxychdic acid and deoxycholic acid that have the 7a - and 1 2h - 
hydraxyl groups on the aside of the molecule (19). The retefition volume of 

hyodeoxycho~i~ acid is expected to be mOre in line with those of&,78- 

dihydroxy- and &,12#?dihydmy bile acids* equatodal hydroxyl grwp in 

ringBofthenudeus. RrCsiskrdeedwhatwaeobsewedonHPLC. h i s  

seen from Tables 1 and 2, the retention volume of hyodeaxycholicacid is 

quite dose tothat of UrsadeOxydMlic acid or lasodeoxycholic acid (&,la- 
diWrfw-9- * add) in d solvent systems employed (systems B , C 

and D) and is much lower then that of cherodeoxycho(ic acid or deoxycholic 

acid. Thus, hyodeoxychdicadd was eluted at 17.5 ml in solvent system B 

as compared with a rcrtentiOn volume of 18.0 ml for wsodeoxycholic acid 

and 21 .O ml for hgodeoxychok add. In contra&, chenodeoxycholic acid 

eluted at 29.8 ml and deoxycholic acid at 34.1 ml in this system. 

In case af & ,@dihydroxy-~-cholanoic acid, the @-hydroxyl group is 

dally oriented. This hydmyl group lies just above the plane of the ring 

system and therefore Wongly interferes with the hydrophobicity of the@- 

surface ofthe wmpaund. The result L that thii compound is even more 

polar than hyodeoxychollc acid Fable 2). Thus, it can be concluded that a 

hydroxyl group on the a-side of the ring system will increase the polarity of 

the bile acid less than a hydroxyl group that is coplanar with the 8-side while 

the effectwit! be sbuqestfor ap-hydroxyl group that is axially otiented. On 

this basis, it can be pmdicbd that the axial 11~-hydroxyl group will increase 

polarity ofthe bile add more than the equatorial lla-hydroxyl group. 
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474 BATI'A, AGGARWAL, AND SALEN 

In the bile acids with C-6,7 glycol system the retention volumes followed a 

different pattern due to hydrogen bonding (18). Thus, the bile acids with the 

cis-equatorial-axial 6a ,7a-diol system are expected to be the least hydrophil- 

ic and with the largest retention volumes whereas those with the axial- 

equatorial Sg ,7p -diol system should be the most hydrophilic and with the 

smallest retention volumes. As is seen from Table 2, both 3a,& ,7a- 

trihydroxy- and 3a ,6a ,7a ,I 2a-tetrahydroxy-5Js-cholanoic acids have the 

largest retention volumes in the series. However, instead of the compounds 

with the Sg ,7p -dihydroxy system, the two compounds with a diequatorial 

6a ,7p -dihydroxy system show the smallest retention volumes. This may be 

due to the fact that the polarity of the bile acids with cis-equatorial-axial 

(6a .7a-) and axial-equatorial (Sg ,78 -) diol systems is reduced due to strong 

hydrogen bonding between the neighbouring cis-diol system while 

hydrogen bonding is weak in the trans-diequatorial &,7p -dihydroxy com- 

pounds. Hydrogen bonding is very weak in the trans-diaxial Sg ,7a-diol sys- 

tem since the two hydroxyl groups are farthest apart, however, the 7a- 

hydroxyl group has a relatively small effect on the polarity of the compound. 

Despite stronger hydrogen bonding, the relatively strong effects due to 6a- 

and 7p -hydroxyl groups on the retention volume renders 3a ,6a ,7p - 
trihydroxy- and 3a ,6a ,7p ,12a-tetrahydroxy-E@-cholanoic acids more hydro- 

philic (Table 2). 

Due to recent interest in 6-hydroxylated bile acids, it seems desirable to 

have a method for the separation of various bile acids containing 6a - and @ - 
hydroxyl groups. As can be seen from Fig. 1 , all four isomeric 3a ,6,7- 

trihydroxy-5Js -cholanoic acids show baseline separation in solvent system D 

and are resolved in less than 20 min (flow rate, 2 ml/min). Attempts to 
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HPLC OF BILE ACIDS 475 

1 

\ 

4 

0 10 20 30 40 
VOLUME (ml) 

FIGURE 1. HPLC chromatogram of e imeric 8,6,7-ttihydroxy-~-cholanoic 

cattrid e ($m). Eluent: acetonitrile-water-methanol-a~~c acid, 40:70:20:1 
( v y .  8ow rate, 2 ml/min. The bile acids were dissolved in methanol and 5 
p I the solution containing 5 p g of each compound was injected into the 
column. Peaks: 1,3a,60,7~-trihydroxy-~-cholanoic acid; 2, &,@3,7a- 
t r i h y d r o x y - ~ ~  ' acid; 3,3a ,Sre ,78 -trihydroxy-* -cholanoic acid; 
4,3a ,6a ,7a 4rihydroxy-$3 Cholanoic acid. 

acids. Column:lW x 8 mm I.D. Radia P -Pak cc Bondapak C,, reversed-phase 
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476 BAlTA, AGGARWAL, AND SALEN 

10 
8 

I I I 

0 10 20 30 
VOLUME ( n i l )  

FIGURE 2. HPLC chromatogram of epimeric 3a ,6,7,12-tetrahydroxy-!$3- 
cholanoic acid. For HPLC conditions, see Fig. 1. Eluent: acetonitrile-water- 
methanol-acetic acid, 30:70:20:1 (v/v). The bile acids were dissolved in 
methanol and 5 4  of the solution containing 3-1Opg of each compound was 
injected into the column. Peaks: 5,3a ,6p ,7a,12,8 4etrahydroxy-5p -cholanoic 
acid; 6,3a ,@ ,78,12,8 4etrahydroxy-5p -cholanoic acid; 7,3a ,6a ,7p ,1% - 
tetrahydroxy-5J9 -cholanoic acid; 8,3a ,@ ,78 ,12a-tetrahydroxy-E@ -cholanoic 
acid; 9,3a ,6p,7uI 12a -tetrahydroxy-W -cholanoic acid; lo,& ,6a ,7a, 1% - 
tetrahydroxy-58 -cholanoic acid. 
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HPJX OF BILE ACIDS 477 

resolve the four isomers of 3a ,6,7,12u-tetrahydroxy-$3-cholanoic acid failed. 

Although 3a ,6a ,7a, 1% - and 3a ,fh ,7p ,12a 4etrahydroxy-Cy.3 -cholanoic acids 

showed baseline separation from other isomers in solvent system E (Fig. 2), 

3a,Q?,7a,lh- and 3a,@ ,7p,l&-tetrahydroxy-53-cholanoic acids could not 

be resolved in the solvent systems used. As expected, the two compounds 

with 128 -hydroxyl group, 3a ,& ,7a, 128 4etrahydroxy- and 3a ,@ ,7p, 1 @ - 
tetrahydroxy-Cy.3 -cholanoic acids were highly polar and were eluted with less 

than 6 ml of solvent system E. These compounds did not show baseline 

resolution in this system although they were almost completely resolved 

(Fig. 2). Based on the pattern of mobilities of the various bile acids in Tables 

1 and 2, it is likely that these two compounds will show better resolution if 

their retention volumes are increased, e.g., by increasing the proportion of 

water in the solvent system. It is hoped that the availability of these solvent 

systems will faciliie isolation of various isomers of 6-hydroxylated bile acids 

in hepatobiliary diseases and help study their role in these diseases. 

ACKNOWLEDGMENTS 

This work was supported by U.S. Public Health Service grants DK-17818, 

HL-18707, and a grant from the Veterans Administration. 

REFERENCES 

1. 

2. 

G.A.D. Haslewood, Biochem. J.,&2: 637-645 (1956). 

S.L. Hsia, 'Hyocholic acid and muricholic acids,' in The Bile Acids- 
Chemistrv, Phvsi 
Nair and D. Kritch 

bolism. Vol. 1 [Chemistty), P.P. 
num Press, New York, 1971, pp 

95-120. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



478 BAlTA, AGGARWAL, AND SALEN 

3. 

4. 

5 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

A. Bremmelgaard, J. Sjovall, Eur. J. Clin. Invest.,Q: 341-348 (1979). 

G. Henenberg, A. Norman, Scand. J. Clin. Lab. Invest., 44: 725-733 
(1 984). 

J. Shoda, R. Mahara, T. Osuga, M. Tohma, S. Ohnishi, H. Miyazaki, 
N. Tanaka, Y. Matsuzaki, J. Lipid Res., a: 847-858 (1988). 

J.A. Summerfield, B.H. Billing, C.H.L. Shackleton, J. Bio. Chem. 

J. Bremmelgaard, J. Sjovall, J. Lipid Res.,a: 1072-1081 (1980). 

J. Shoda, N. Tanaka, T. Osuga, K. Matsuura, H. Miyazaki, J. Lipid 
Res., a: 249-259 (1990). 

J. Shoda, T. Osuga, R. Mahara, M. Tohma, K. Matsuura, M. Tanaka, 
Y. Matsuzaki, H. Miyazaki, J. Chromatogr.,*8: 315-328 (1989). 

6. Alme, J. Sjovall, J. Steroid Biochem.,B: 907-916 (1980). 

H.B. Kagan, J. Jacques, Bull. SOC. Chim., Fr., 871-878 (1960). 

T. lida, T. Momose, T. Tamura, T. Matsumoto, F.C. Chang, J. Goto, 
T. Nambara, J. Lipid Res.m: 1267-1279 (1989). 

T. Kurosawa, R. Mahara, H. Nittono, M. Tohma, Chem. Pharm. Bull. 

T. lida, 1. Komatsubara, S. Yoda, J. Goto, T. Nambara, F.C. Chang, 
Steroids, S: 530-539 (1990). 

507-516 (1976). 

(Tokyo), L7: 557-559 (1989). 

S.K. Aggarwal, A.K. Batta, G. Salen, S. Shefer, Steroids, in Press 
(1 991 ). 

A.K. Bose, B. Lal, W.A. Hoffman, M.S. Manhas, Tett. Lett., 1619- 
1622 (1973). 

A.K. Batta, S.K. Aggarwal, G. Salen, S. Shefer, J. Lipid Res., z2: 
977-984 (1991). 

R. Shaw, M. Rivetna, W.H. Elliott, J. Chromatogr.,=2: 347-361 
(1980). 

M.J. Armstrong, M.C. Carey, J. Lipid Res., 23: 70-80 (1982). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
3
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


