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Abstract The nature of bile alcohols and bile acids in gall- 
bladder and hepatic bile from perfused livers of the small skate 
(@a  m’nacea) has been investigated. The main bile alcohol sul- 
fate was isolated by thin-layer chromatography and analyzed by 
fast atom bombardment mass spectrometry and ‘’C NMR. Fol- 
lowing solvolysis and purification on Lipidex-DEAP, the bile 
alcohol profile was measured by capillary gas-liquid chromatog- 
raphy-electron impact mass spectrometry. Based on these 
studies and on comparison with authentic scymnol sulfate and 
scymnol, the main bile alcohol was identified as 5g-cholestane- 
3cr,7cr,12~~,24[,26,27-hexol sulfate. The mean * SD concentra- 
tion in gallbladder bile from five different skates was 24.6 * 8.7 
mmol/l. Only 0.1 mmol/l of cholic acid and its conjugates was 
found in a pool of skate bile. The main bile alcohol sulfate in the 
bile of the small skate seems to be a metabolic end product, 
present in a concentration comparable to that of bile salts in 
mammals.-Karlaganis, G., S. E. Bradley, J. L. Boyer, A. K. 
Batta, G. Salen, B. Egestad, and J. Sjovall. A bile alcohol sul- 
fate as a major component in the bile of the small skate (Raja 
erinacea). J. Lipid Res. 1989. 30: 317-322. 

Supplementary key words 5~-cholestane-3a,7a,l2a,24f,26,27-hexol 
sulfate scymnol sulfate bile alcohols bile acids gas-liquid chro- 
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Active bile salt secretion plays an important role in bile 
formation of mammals including man, dog, rat, and the 
guinea pig, presumably by producing an osmotic pressure 
gradient within the canaliculi promoting the passive move- 
ment of water and diffusible solute from sinusoidal blood 
to the canicular lumen. To what extent such a mechanism 
may be operative in lower vertebrates is unknown. The 
bile salts in the Cyclostomes and Elasmobranchs appear 
to be largely sulfated bile alcohols whose physicochemical 
properties differ from those of the bile salts commonly 
found in mammalian bile (1). Just how these differences 
may affect the contribution of bile salts to bile formation 
remains obscure. This question cannot be addressed with 
confidence, however, in the absence of a more precise 
definition of the identity of the bile salt concerned. Scymnol 

sulfate (5~-cholestane-3ar,7ar,12a,24~,26,27-hexol26(or 27) 
sulfate) appears to be the major bile salt in bile of several 
species of sharks and rays (2), but its identification has 
been based largely on chromatographic evidence. In con- 
nection with on-going studies of bile formation in the 
small skate (&,u winaceu), definitive identification of the 
bile salts in the bile of this species was needed. This report 
presents the results of a study using a combination of 
chromatographic and spectroscopic techniques. 

MATERIALS AND METHODS 

Scymnol sulfate was kindly donated from the Hasle- 
wood Collection by Dr. A R. Tammar. Scymnol was ob- 
tained by solvolysis according to Hirano et al. (3). 

All solvents were of reagent grade. Sep-Pak CI8 cartridges 
(Waters Associates, Milford, MA) were washed with 
10 ml of methanol and 10 ml of water before use. Lipidex- 
DEAP (diethylaminohydroxypropyl Sephadex LH-20) 
was from Packard Instrument Co. (Downers Grove, IL) 
and was washed by stirring from the top at 7OoC for 1 hr 
in 20% aqueous ethanol and then in ethanol. It was 
stored at  - 2 O O C .  Immediately before use it was converted 
into the hydroxide form for isolation of solvolyzed bile 
alcohols or into the acetate form for isolation of bile acids 
(4). 

Abbreviations: FAB-MS, fast atom bombardment mass spectrometry; 
GLC-MS, gas-liquid chromatography-mass spactrometry; GLC, 
gas-liquid chromatography; m/z, masdcharge ratio; NMR, nuclear 
magnetic resonance; Rj, distance moved relative to solvent front; RI, 
retention index (Kwats index); TLC, thin-layer chromatography; TMS, 
trimethylsilyl; sfor, single-frequency off-resonance. 

‘To whom correspondence should be addressed at: Federal Office for 
Environmental Protection, Hallwylstrasse 4, CH-1003 Berne, Swit- 
zerland. 
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Collection of bile samples trometer. The isolated major bile alcohol sulfate (8 mg) 

Samples of bile were obtained from the gallbladders 
and hepatic ducts of isolated perfused livers of male small 
skates ( h j u  erinuceu) obtained by trawl in waters of South- 
west Harbor, ME, and maintained in large tanks with 
rapidly exchanging 15OC sea water at the Mount Desert 
Island Biological Laboratory (5). Bile was aspirated from 
the gallbladder and a cannula was inserted in the cystic 
duct after ligation of the common bile duct for collection 

was dissolved in a mixture of 0.7 ml chloroform-dl and 
0.1 ml methanol-d4 and was analyzed in a tube (5 mm 
0.d.) at probe ambient temperature of 21OC. Chemical 
shifts are expressed in parts per million (ppm) relative to 
tetramethylsilane as internal standard. The I3C NMR 
spectrum was recorded in both the proton noise - 
decoupling mode and in a single-frequency off-resonance 
(sfor) proton decoupling mode. 

and kept frozen until analysis. Gallbladder bile was used 
for isolation and analysis if not otherwise stated. Bile sam- 
ples were obtained from different skates. In addition, a 
pool of 18 ml of bile collected from several gallbladders 
was used for isolation of the major bile alcohol. 

Isolation of the major bile alcohol sulfate 

Bile (1 ml) was diluted with 1 ml of methanol and ap- 
plied on a preparative thin-layer plate (20 x 20 cm) con- 
taining 2.0-mm-thick silica gel 60 without fluoresence 
indicator (Merck AG, Darmstadt, Germany) using a 
Linomat 111 sample applicator (CAMAG AG, Muttenz, 
Switzerland). The plate was developed in ethyl acetate- 
methanol-acetic acid-water 65:20:10:5 (by vol) (6). A 
small part at the side of the plate was cut off with a glass 
cutter and bile alcohols were visualized with 10% phos- 
phomolybdic acid in ethanol. One major spot appeared 
with an R, value of about 0.43, identical to that given by 
the reference scymnol sulfate. The band corresponding to 
this spot was scraped into 100 ml of methanol and held for 
5 min in an ultrasonic bath. The methanolic solution was 
evaporated and the residue was dissolved in 10 ml of water 
and centrifuged at 27000 g. The supernatant was divided 
and passed through four Sep-Pak C I 8  cartridges. Each 
cartridge was washed with 10 ml of water and eluted with 
10 ml of methanol, which was evaporated. The residue 
was dissolved in 2 ml of water and lyophilized, yielding 
6.46 mg of a white powder per ml of bile. 

Fast atom bombardment mass spectrometry 

Samples, about 6 pg, of scymnol sulfate and the bile 
alcohol sulfate from skate bile (isolated by TLC) were ap- 
plied in 5 pl of 70% aqueous methanol under a stream of 
nitrogen to the FAB target coated with the glycerol 
matrix. Negative ion FAB spectra were recorded by a VG 
11-250 data system using a VG 7070E instrument (VG 

Bile (0.05 to 0.5 ml) was diluted with 5 ml of water and 
passed through a Sep-Pak C cartridge, followed by 10 ml 
of water. Bile alcohols were eluted with 10 ml of methanol. 
The methanolic solution was concentrated to 0.1 ml and 
5 ml of tetrahydrofuran acidified with 5 pl of 4 M aqueous 
sulfuric acid was added for solvolysis (8). Following incu- 
bation for 1 hr at 50°C, 1 ml of methanol was added and 
the solution was passed through Lipidex-DEAP in OH- 
form; the column (80 x 4 mm) was packed in methanol 
and washed with 3 ml of tetrahydrofuran-methanol 5:l 
(v/v), prior to application of the sample. The column was 
washed with 6 ml of the latter solvent and the liberated 
bile alcohols were recovered in the combined effluents. 
Coprostanol (50 nmol) was added as internal standard. 
TMS ethers were prepared, the residue was dissolved in 
hexane and analyzed by capillary GLC using a 15-m per- 
silanized glass capillary column (9) coated with OV-73 
(10). Analyses by GLC-MS were carried out on the VG 
7070E instrument with an electron impact ion source at 
70 eV and a Dani 3800 gas chromatograph. A fused silica 
capillary column coated with cross-linked methyl silicone 
(Quadrex Corp., New Haven, CT) extended into the ion 
source and was used at 25OOC with an all-glass falling 
needle injection system. 

Analysis of bile acids 

One hundred microliters of bile was diluted with 50 ml 
of water and bile acids were extracted, solvolyzed, sub- 
jected to alkaline hydrolysis, and isolated on Lipidex- 
DEAP as previously described for urine (11). Coprostanol 
was then added as internal standard, TMS ethers were 
prepared and analyzed by capillary GLC and capillary 
GLC-MS on a Finnigan 1020 instrument using a 20-m 
glass capillary column covered with barium carbonate 
(12) and coated with polyethyleneglycol 20000 (13). 

- 
Analytical, Manchester, U.K.) equipped with a FAB 
source and an Ion Tech atom gun (7) operating with 
xenon at 8 kev. The scan rate was 10 s x decade-' and the 
resolution 1000. 

13C Nuclear magnetic resonance spectroscopy 

The I3C NMR spectrum was recorded at 100 MHz 
using a Fourier-Transform-equipped Varian XL-400 spec- 

RESULTS 

Structure of the major bile alcohol 

The high mass region of the negative ion FAB spectrum 
(Fig. 1) of the isolated major bile alcohol sulfate showed 
a base peak at d z  547. This corresponds to M-1- of a 
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Fig. 1. 
Peaks at d z  367 and 459 arise from the glycerol matrix. 

High mass end of the negative ion FAB spectrum of the isolated main bile alcohol sulfate from skate bile. 

cholestanehexol sulfate. Reference scymnol sulfate gave 
an identical spectrum. The FAB spectrum of the crude 
bile extract was very similar to the spectrum shown in 
Fig. 1. An additional small peak at d z  531 might arise 
from small amounts of a cholestanepentol sulfate in the 
crude extract. The peak height of d z  531 was 9.3% of m/z 
547. 

The "C NMR chemical shift data of the isolated major 
bile alcohol sulfate are given in Table 1. The multiplicity 
of each peak is given in the parentheses. Carbons 1-20 
were assigned using methyl cholate as the model com- 
pound and 5P-cholane-3a ,7a,24- and -3a,12a,24-triols 
were used to assign carbons 21-24 (14). Carbons 25-27 
were assigned using 5P-cholestane-Sa ,7a ,TG-triol as the 

TABLE 1. "C NMR chemical shifts for 5~-cholestane-3a,7a,l21~,24~,26,27-hexol sulfate isolated from 
skate bile and for some reference compounds 

Skate Bile 
Alcohol 58-Cholestane-3a ,7a ,26-triol Methyl 

Carbon Sulfate (25R + 25s) Sfl-Cholane-3a,7a,24-tnol S@-Cholane-Sa, 12a ,24-triol Cholate 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

35.51 (TT 
30.06 (T) 
71.76 (D) 
39.40 (T) 
41.87 (D) 
34.71 (T) 
68.53 (D) 
39.63 (D) 
26.62 (D) 
34.96 (S) 
28.24 (T) 
73.26 (D) 
46.56 (S) 
41.69 (D) 
23.42 (T) 
27.81 (T) 
47.23 (D) 
12.62 (Q 
22.61 (Q 
35.83 (D) 
17.59 (Q 
32.17 (T) 
29.89 (T) 
71.54 (D) 
46.00 (D) 
65.44 (T) 
61.15 (T) 

35.34 
30.62 
71.82 
39.71 
41.51 
34.59 
68.40 
39.34 
32.84 
35.01 
20.60 
39.71 
42.57 
50.41 
23.67 
28.30 
56.07 
11.76 
22.80 
35.74 
18.66 
36.11 
23.33 
33.55 
35.74 
68.20 
16.53 

35.8 
31.3 
72.3 
39.7 
42.1 
35.4 
68.8 
40.0 
33.3 
35.5 
20.9 
39.9 
43.0 
50.9 
24.0 
28.5 
56.5 
11.9 
23.0 
35.9 
18.6 
32.3 
29.5 
62.9 

35.7 
30.5 
71.4 
36.3 
42.7 
27.7 
26.6 
36.3 
33.9 
34.5 
29.0 
73.1 
46.9 
48.4 
24.2 
28.5 
47.6 
12.9 
23.4 
35.9 
18.0 
32.1 
29.5 
63.8 

35.7 
30.6 
71.6 
39.6 
42.0 
35.1 
68.0 
39.9 
26.7 
35.1 
28.5 
72.5 
46.8 
42.0 
23.5 
28.0 
47.4 
12.8 
22.8 
35.7 
17.6 
31.3 
31.2 
174.5 

"The multiplicity of peaks in the sfor spectrum is expressed as S (singlet), D (doublet), T (triplet), and Q(quartet). 
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Fig. 2. Capillary GLC analysis of the TMS ethers of bile alcohols from a pool of 18 ml of bile collected from 
several skate gall bladders. Retention times, temperatures, and retention indices are indicated. Peak no. 1: 
coprostanol (internal standard); peak no. 2: scymnol (5~-cholestane-3a,7a,l2a,Z4[,26,27-hexol). 

model compound (15) and the effects of substituents at 
C-24 and C-27 were taken into consideration (14, 16). The 
resonances due to carbons 5 and 14 (two doublets at 41.87 
and 41.69) could not be correctly assigned and may be 
reversed. All other resonances could be assigned with the 
help of the model compounds. Table 1 gives the I3C NMR 
shifts of 5~-cholestane-3a,7a,26-triol (25R + 25S), 5p- 
cholane-3a,7a,24-triol, 3~,12a,24-triol, methyl cholate, 
and the major bile alcohol sulfate isolated from skate bile. 

The GLC profile of the solvolyzed and derivatized bile 
alcohols showed one main peak with a retention index of 

3690 (Fig. 2). The TMS ether of scymnol had the same 
retention index. The electron impact mass spectrum 
recorded during the elution of the peak obtained from bile 
(Fig. 3) showed a series of significant peaks at d z  681, 
591, 501, 411, and 321 formed by loss of 219 mass 
units (the three terminal carbons with substituents) 
and consecutive losses of trimethylsilanol from the 
molecular ion. In addition, peaks were found at d z  

(M-4x90-89), 361 (M-5x90-89) compatible with a 
molecular weight of 900. Another series of small peaks 

720 (M-2~90) ,  630 (M-3~90) ,  540 (M-4~90) ,  451 

681 219 
T T H S  103 

OTMS CH20THS 
219-90 
1129 

70 - 
60 - 

M-90-103 
THSO 

50 1 

5b0 

43! $51 L 527 ?40 591 1630 681 

M/Z 

Fig. 3. 
alcohol isolated from the bile of the small skate (Raja m'mwa) (lower spectrum). 

Electron impact mass spectrum of the TMS ethers of scymnol, 5~-cholestane-3a,7a,12a,24[,26,27-hexol (upper spectrum), and the bile 
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were found at m/z 707 (M-103-90), 617 (M-103-2~90), 
527 (M-103-3~90), 437 (M-103-4~90), and 347 (M- 
103-5x90). Peaks at m/z 253 and 343 indicated three 
hydroxyl groups in the ring system. The spectrum was 
identical to that given by the TMS ether of scymnol 
(Fig. 3). 

Biliary concentration of bile alcohols 

The pool of 18 ml of gallbladder bile was collected from 
skates maintained in captivity for periods up to 7 days. 
The pool had a dry weight of 53.8 mg per g of bile and 
a concentration of 5~-cholestane-3a,7~~,12a,24E,26,27- 
hexol of 16.7 mmol/l as measured by capillary GLC. The 
yield of bile alcohol after preparative TLC corresponded 
to a concentration of 11.9 mmol/l. The difference can be 
explained by losses in the elution of the silica from the 
preparative TLC plate. The skate bile alcohol profile con- 
sists of only one major bile alcohol. In contrast to the bile 
alcohol profile in humans (11, 17), the GLC profile of bile 
alcohols in the skate (Fig. 2) consists of one major peak 
constituting 96% of the total peak area. This is consistent 
with the FAB mass spectrum of the crude bile extract. The 
mean concentration of 58-cholestane-3a ,7a,12a ,24F,26,27- 
hexol in gallbladder bile from five different skates was 
24.6 * SD 8.7 mmol/l. 

BiIiary concentration of bile acids 

Bile acids in the gallbladder bile pool were analyzed by 
capillary GLC. Only 0.10 mmol/l of cholic acid could he 
found. The identity of cholic acid could be confirmed by 
capillary GLC-MS. The methyl ester TMS ether deriva- 
tives of extracted and of authentic cholic acid had identi- 
cal retention times (24 min) and mass spectra. The base 
peak ion m/z 253 was used for quantification. 

DISCUSSION 

The negative ion FAB mass spectrum (Fig. I), the I3C 
NMR spectrum (Table i), and the electron impact mass 
spectrum (Fig. 3) are consistent with a structure of 50- 
cholestane-3cr,7a!,12a,24~,26,27-hexo1 sulfate for the 
main bile alcohol in the bile of the small skate (h ja  
erinucea). The retention time and mass spectrum of the 
TMS ether of the bile alcohol were identical to those given 
by the reference scymnol TMS ether. The position of the 
sulfate moiety is not known. In 1898 Hammarsten (18) 
isolated an alcohol from the bile of the shark S y "  
borealis which he called "scymnol"; later this proved to be 
an anhydro-artefact. Scymnol sulfate is the 26 (or 27) sul- 
fate of 5~-cholestane-3cr ,7tx,i2(~,24~,26,27-hexol (I, 19). 
On biological grounds and because of the Rf value identi- 
cal with that of reference scymnol sulfate, one may 
assume that scymnol sulfate from the skate also carries the 

sulfate group at a terminal hydroxyl group. Scymnol has 
been described in different Elasmobranchs, such as Som- 
niosus microcephalus (18), Centrophorus sp. (20), Dasyatis akajei 
(21, 22), and Mustelus manazo (23). 

Scymnol is known to be an inefficient precursor of 
cholic acid in the bile of the rat (24). Since a small amount 
of cholic acid was found in bile from Raja erinacea in the 
present study and has also been found in small amounts 
of the bile of the shark (23), it is likely that side chain 
degradation of bile alcohols to form cholic acid is a minor 
pathway in these fishes. Thus scymnol is likely to be an 
end product of cholesterol metabolism in elasmobranch 
fishes. Administration of scymnol to elasmobranchs under 
conditions where bile may be collected in the free- 
swimming state would be necessary to determine this 
directly. BID 
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