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ABSTRACT 

The bile acid composition and metabo- 
lism of rainbow trout Salmo gairdneri has 
been investigated by thin layer chroma- 
tography, gas liquid chromatography, and 
radio gas liquid chromatography meth- 
ods. For this purpose gallbladder bile was 
collected from fed fish at 6 and 13 
months and from starved fish at 12 
months of age. Cholic acid was found to 
be the main component and constituted 
over 85% of total. Chenodeoxycholic acid 
accounted for 14% or less and the 
3c~,12c~-7-keto- and 7c~,12c~-3-keto-5/3- 
cholanoates for 1% or less of total. The 
bile acids were conjugated mainly with 
taurine, only small amounts of glyco- 
cholic acid being detected. Ca. 5% of the 
taurocholate was sulfated, as were trace 
amounts of cholic and glycocholic acids. 
The size of the bile acid pool was found 
to increase in the older fish and to 
decrease in starved fish. Unlike mam- 
malian livers, the livers of the trout 
converted radioactive chenodeoxycholic 
acid into cholic acid. 

I N T R O D U C T I O N  

In the past, bile acid composition has been 
studied primarily in mammalian species. Studies 
on nonmammalian vertebrates have been lim- 
ited. Haslewood (1) has summarized the types 
of bile salts found in nature as alcohol sulfates, 
taurine conjugates of 27-carbon acids, taurine 
conjugates of 24-carbon acids, and glycine 
conjugates and has claimed that their distribu- 
tion bears a close relationship to the evolu- 
tionary position of the animal. This idea is 
interesting and can be developed further as data 
on bile acid composition of a wider range of 
vertebrates becomes available. 

In the following study, we have examined 
the composition of the bile acids of the 
gallbladder bile of the rainbow trout, Salmo 
gairdneri, under normal conditions and as influ- 
enced by age and starvation. 

M A T E R I A L S  A N D  METHODS 

Standard cholic (CA), deoxycholic, cheno- 

deoxycholic, and lithocholic acids of 99% 
purity were obtained from Supelco (Belle- 
fonte, Pa.) and standard hyodeoxycholic acid 
of 99% purity from Applied Science Labora- 
tories (State College, Pa.). The glycine and 
taurine conjugates of the common bile acids of 
99% purity were purchased from Supelco. The 
3-sulphate esters of cholic, deoxycholic, cheno- 
deoxycholic, and lithocholic acids and of 
their glycine and taurine conjugates were 
prepared in the laboratory using sulfur trioxide 
by method 3 of Jenkins and Sandberg (2). 
Cholic acid-24-14C (50 mCi/mMole) was ob- 
tained from New England Nuclear, Boston, 
Mass., and chenodeoxycholic-24-14C, deoxy- 
cholic-24-14C, and lithocholic-24-14C (35.8 
mCi]mMole) were purchased from Tracerlab, 
Waltham, Mass. 

Rainbow trout were obtained from Willow 
Beach National Fish Hatchery, Willow Beach, 
Ariz. Three groups of fish were used in the study: 
group 1 included 6 fish which were 6 months 
old and fed ad libitum; group 2 had 6 fish 
which were 13 months old and fed ad libitum; 
and group 3 had 9 fish which were 12 months 
old and were fasted for 45 days. The gallblad- 
der of each fish was dissected, removed, imme- 
diately frozen, and kept at -20 C until  analyzed. 

Extraction of Bile Acids 

The bile (0.2-0.5 ml) was extracted by the 
addition of 10 ml hot ethanol-methanol (95:5 
v/v) and shaking (3). The precipitated protein 
was removed by centrifugation at 2000 g at 4 C 
for 15 min. The alcoholic extract was decanted 
off, the precipitate washed with 2 ml hot 
methanol and filtered off. The extracts were 
combined, diluted to 40% alcohol with distilled 
water, and delipidated with petroleum ether. 
The aqueous alcohol solution then was evapo- 
rated to dryness under nitrogen in vacuo. The 
residue was dissolved in 1 ml methanol, and 0.5 
ml was used for analysis of the conjugated bile 
acids, while the other 0.5 ml was saved for total 
bile acid determination and identification. 

TLC of Conjugated Bile Acids 

An aliquot of the bile acid extract was 
applied as a band to a thin layer chromato- 
graphic (TLC) plate (20 x 20 cm) coated with 
Silica Gel G (Merck, Darmstadt, Germany) in a 
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0.25 mm thick layer. The plates were developed 
in n-butanol-glacial acetic acid-water (10: 1:1, 
v/v/v) for 4 hr (4). After evaporation of the 
solvents, the bile acids were located by iodine 
vapor and the relative Rf values of any bands 
compared to those, of authentic standards of 
CA and CDCA, their taurine and glycine conju- 
gates, and the conjugate sulfates for identifica- 
tion. Each band was scraped off and the bile 
acid conjugates extracted with 0.05 N HC1 in 
75% ethanol. Each conjugate group was sub- 
jected to further ailalysis, as described below. 
The recovery of the bile salts from the TLC 
plates was 95 -+ 2%, as indicated by analysis of 
radioactive glycocholic acid. 

Solvolysis of Sulfate Esters 

The TLC fractions corresponding to sulfated 
bile acid standards were subjected to solvolysis 
(5). The sulfate esters (1 mg or less) were 
hydrolyzed at room temperature (24 hrs) with 
acetone-ethanol (9 i l  , v/v) adjusted to pH 1 
with 2 N HC1. The solvents then were evapo- 
rated and residue subjected to TLC, as de- 
scribed above. Any free bile acids or their 
taurine and glycine conjugates were recovered 
and analyzed further. 

Hydrolysis of Taurine and Glycine Conjugates 

The TLC fractions (1 mg or less) correspond- 
ing to standard taurine and glycine conjugates 
of bile acids were subjected to saponification 
with 2.5 N NaOH (2.5 ml) at 115 C for 12-15 
hr in a sealed glass tube (3). After cooling, the 
reaction mixture was acidified with dilute HCI 
and the bile acids extracted with diethyl ether. 
The recovery of radioactive bile acids from the 
taurine conjugates under the above conditions 
averaged 90 + 5%. 

Gas Liquid Chromatography (GLC) and Radio-GLC 

For this purpose, the bile acids were con- 
verted into the methyl esters by methanolic 
2,2-dimethoxypropane (Aldrich Chemical Co., 
Milwaukee, Wise.) and concentrated HC1 (6). 
Prior to GLC, the methyl esters were converted 
into the trifluoroacetates by reaction with 0.3 
ml trifluoroacetic anhydride at 40 C for 40 rain 
(3). The GLC analyses were performed on a 
Packard 7401 gas chromatograph system 
equipped with dual glass columns (4 f t x  2 mm 
inside diameter) containing a mixture of 3% 
QF-1 and 3% OV-17 (5:1, w/w) both on 
100-120 mesh Gas Chrom Q (Applied Science 
Laboratories, State College, Pa.). The separa- 
tions were made at 225 C isothermally using 
helium (30 ml/min) as the carrier gas. The GLC 
system was calibrated (3) by means of a 
standard mixture made up of equal wt propor- 

tions of lithocholic, deoxycholic, chenodeoxy- 
cholic, hyodeoxycholic, cholic, and 7-ketolitho- 
cholic acids. Unknown bile acids were quanti- 
tared using 5/3-cholanoic acid as internal stan- 
dard. The radio-GLC system was similar to that 
described by Swell (7). 

The column effluent was passed through a 
combustion furnace containing copper oxide 
where it was converted into CO 2 and any 
radioactivity monitored in the proportional 
radioactive gas counter. The efficiency of the 
latter system was ca. 80% for 14C, and any 
acids yielding more than 1000 dpm were 
measured with a relative error of 10% or less. 

The quantitative GLC data were subjected to 
t-test between groups, and P>0.05 was consid- 
ered not  significant. The estimates from total 
bile acid analyses were compared to those 
obtained by combined TLC-GLC analysis fol- 
lowing summation and normalization of the 
data (8). 

TLC of Bile Acid Methyl Esters 

The bile acid methyl esters were separated 
according to the number of hydroxyl and keto 
groups by TLC on Silica Gel G using chloro- 
form-acetone-methanol (70:25:5, v/v/v) as de- 
veloping solvent (9). The bands of the bile acids 
were located by briefly exposing the plates to 
iodine vapor. The areas corresponding to stan- 
dard mono-, di-, and tri-hydroxy and keto bile 
acids were cleared of silica gel, and the scrap- 
ings were extracted with 10-20 ml methanol- 
acetone (1 : 9, v/v). 

Part of the eluate was evaporated to dryness 
on the direct probe attachment of the mass 
spectrometer and the spectrum obtained. The 
rest of the sample was evaporated to dryness 
and the residue trifluoracetylated or trimethyl- 
silylated prior to gas liquid chromatography- 
mass spectrometry (GLC-MS), as described 
below. 

GLC-MS of Bile Acids 

Combined GLC-MS analysis was performed 
with a Varian Mat CH-5 single focusing mass 
spectrometer coupled to a Varian Mat com- 
puter (10). For this purpose, the bile acid 
methyl esters were converted into the trimeth- 
ylsilyl ethers using trimethylsilyl-chloride, hexa- 
methyldisilazane and dry pyridine as described 
by Elliott, et al. (11). The GLC separations 
were obtained on a Varian model 2700 modu- 
line gas chromatograph equipped with a 180 cm 
x 2 mm inside diameter glass column containing 
3% OV-210 on 100-120 mesh Gas Chrom Q. 
The bile acids were resolved isothermally at 250 
C, passed through a transfer line and a Watson- 
Bieman separator into an ion source, all oper- 
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ated at 270 C. The ionizat ion voltage was 70 ev, 
the accelerat ing voltage 3000 volts, and the  
e lectron emission energy 100/.tA. Scanning was 
done at 5 sec/decade at a resolut ion of  
800-1000. All spectra taken over  the GLC 
peaks were correc ted  for  total  ion current  
variation. 

Incubations 
The biochemical  conversion of  CDCA into 

CA was demons t ra ted  by incubat ing radioact ive 
CDCA with  the liver homogenates  (12). Liver 
tissue (1 g) was homogen ized  in 0.1 M phos- 
phate buffer  (pH 7.6) containing 0.25 M 
sucrose, 0.01 M MgC12, and 0.03 M nicot in-  
amide. Al iquots  of  the homogena te  were incu- 
bated with  a 0.1% leci thin emulsion o f  100 
nmoles CDCA containing 0.1 ~tCi CDCA-24- 
14C for 1 hr at 37 C. The pur i ty  of  labeled 
CDCA was de termined  by TLC and radio-GLC 
to be bet ter  than 99%. At  the end of  the 
incubat ion,  19 ml e thanol  containing 0.01% 
a m m o n i u m  hydrox ide  was added along with  
100 big unlabeled CDCA and CA as carriers. The 
contents  of  the tubes were mixed  thoroughly ,  
heated  at 60 C for 30 min,  centr i fuged,  and the 
supernatant  r emoved  and evapora ted  to  dryness 
under  nitrogen. The bile acids were recovered  
fol lowing saponif icat ion of  the extracts ,  as 
described above. After  methyla t ion ,  the bile 
acids were separated by TLC (13) using iso- 
oc tane- isopropyl  ether-acet ic  acid (50 :25 :40 ,  
v /v/v)  and the bands corresponding to s tandard 
CA and CDCA recovered and the radioact iv i ty  
measured by radio-GLC, as described above,  
and by scinti l lat ion count ing.  For  the la t ter  
purpose,  15 ml Aquasol  (New England Nuclear,  
Boston,  Mass.) was added and the radioact ivi ty  
de termined  in a Packard l iquid scinti l lat ion 
spec t rometer  equipped  with  an au tomat ic  ex- 
ternal standard. Each fract ion was counted  for 
10 min in tr iplicate.  

RESULTS 

Identification of Bile Acids 

Figure 1 shows the TLC separat ion of  the 

g~ g = g  g g 

~OLYEIIT FRO~/T 
- - ' I : R E E  CHOLIC ACID 

e D  

t I P  - - ' ~ L  YCOCH ENOD~ OXYCHOL l C 

- --6LVCOC~O~.IC (6CA) 

�9 ~ ~ ' ~  O t e ~ P  4D ~:LU~OTCHO~a "TCA" 

"- ' '~RIGIM 

J / . t  J l...k_l 1 . tA_~ 

FIG. 1. Thin layer chromatogram of biliary bile 
acid conjugates of  rainbow trout. Chromatography 
conditions: Silica Gel G; butanol-acetic acid-water 
(10:1:1, v/v/v) as developing solvent; phospho- 
molybdic acid spray. Lanes S, standard bile acids and 
conjugates as shown on the right of the figure. Lanes 1 
and 2, 10 t~liter applications of 1 ml solutions of total 
bile salts from tWO fish in group 3; lanes 3 and 4, 10 
Miter applications of 1 rrd solutions of total bile salts 
from two fish in group 2; lanes 5 and 6, 10 ~tliter 
applications of 1 ml solutions of total bile salts from 
two fish in group 1; lanes 7, 8, and 9, 100 #liter ap- 
plications of 1 ml solutions of total bile salts from 
one fish each iia group 3, 2, and 1, respectively. 

bile acid samples. The various fract ions were 
ident i f ied  by reference to standards and the  
relative Rf  values recorded  in the l i terature.  In 
most  cases, s t rong spots were seen correspond-  
ing to taurochol ic ,  sulfated taurochol ic ,  sul- 
fated cholic,  glycocholic ,  and sulfated glyco- 
cholic acids. The various Rf  values of the  
standards cor responded  closely to  those re- 
por ted  by Palmer (5,14) in a similar TLC 
system. Table I gives the mole  percentages of  
each conjugate  in the total  bile acid mix ture  o f  
each group of  fish as de termined  by GLC 
fol lowing hydrolysis  o f  the  conjugates.  It  is 
evident that  all groups are similar in thei r  
conjugat ion pat terns and that  differences in age 

TABLE I 

Mole Percentage of Various Conjugates in Total Bile 
Acids of Rainbow Trout a 

Type of conjugate 6 Months old 
Starved fish 

13 Months old 12 Months old 

Sulfated tauro cholic acid 4 • 0.4 
Sulfated gtyco cholic acid 3 • 0.2 
Sulfated cholic acid 2 • 0.2 
Tauro cholic + chenodeoxycholic acid 89 • 2.1 
Glyco cholic acid 2 • 0.l 

3 •  4 •  
3 •  5 •  
3 •  1• 

89•  88•  
2 •  2 •  

aCorrected gas liquid chromatographic estimates + standard error (see text). 
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or starvation had no significant effect upon the 
conjugation type. In all instances, the bulk of 
the bile acid was conjugated with taufine, 
although sulfated bile acids occasionally made 
up as much as 10% of the total bile acid pool. 

TLC of the bile acid methyl esters derived 
from the various conjugate classes revealed the 
presence of large amounts of CA and smaller 
amounts of CDCA, along with traces of keto 
bile acids. GLC of the trifluoroacetates of the 
bile acid methyl esters confirmed that, in all 
groups of fish, the peak corresponding to CA 
was the major component.  The peak corre- 
sponding to CDCA was much smaller, especially 
in the adult fish (groups B and C). In addition, 
a minor peak of variable size emerged in the 
region corresponding to the trifluoroacetyl 
ester of methyl deoxycholate. 

A GLC-MS examination of the mixed bile 
acid methyl esters, as the trifluoroacetyl deriva- 
tives using a QF-l column, revealed that the 
major peak was indeed due to CA (15). The 
mass spectrum of this derivative showed a 
molecular ion at m/e 710 and a base peak at 
367, which corresponded to a loss of 2 triflu- 
oroacetyl groups and the side chain, M - (2 x 
114 + 115). A major fragment also was seen at 
m/e 253, which was due to the steroid nucleus 
of a trihydroxy bile acid. A correct mass 
spectrum also was obtained for the smaller peak 
identified as CDCA (15). It had a molecular ion 
at 598 and a base peak at 369, which corre- 
sponded to M - (114 + 115). It also had major 
fragments at m/e 255 and at m/e 484. The 
fragment at m/e 255 corresponded to that 
anticipated for the steroid nucleus of a dihy- 
droxy bile acid. 

The GLC peak corresponding ca. to the 
trifluoroacetyl ester of methyl deoxycholate was 
identified as a degradation product of the 
tfifluoroacetyl ester of methyl cholate (10). It 
had a molecular ion at 596, corresponding to 
the di-trifluoroacetate of the methyl ester of a 
monounsaturated dihydroxy bile acid. The base 
peak was at m/e 367, which corresponded to M 
- (114 + 115). Other major fragments were 
seen at m/e 482, which corresponded to M - 
114, and at m/e 253, which was due to the 
steroid nucleus of a trihydroxy bile acid. Since 
the retention time of the peak was slightly 
lower than that of deoxycholic acid, it was 
concluded that the loss of the trifluoroacetyl 
ester group had occurred at carbon 7, resulting 
in the formation of a monounsaturated deoxy- 
cholic acid. The presumed origin of this bile 
acid was confirmed by GLC-MS analysis of the 
high temperature degradation products of the 
trifluoroacetate of pure methyl cholate. Like- 
wise, two other minor GLC peaks eluted in the 
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monohydroxy bile acid region were identified 
as the degradation products of the trifluoro- 
acetate of methyl cholate. Their mass spectra 
corresponded to that of lithocholic acid, except 
for a discrepancy of 4 hydrogens in the 
fragment corresponding to the steroid nucleus. 
The identification of unsaturated bile acids as 
artifacts of GLC of trifluoroacetates has been 
described elsewhere (10). No evidence of the 
occurrence of unsaturated bile acids in the 
trout was obtained when the analyses were 
made with the methyl esters or the methyl ester 
trimethylsilyl ethers. 

The identification of the bile acids was 
completed by a direct probe MS of the TLC 
fractions of the bile acid methyl esters. The 
most polar band corresponded to trihydroxy 
bile acids and gave a correct spectrum for 
methyl cholate (16) with a base peak at m/e 
386 and a large fragment at m/e 253, which is 
characteristic of trihydroxy bile acid. The next 
most polar TLC band gave no recognizable 
spectra when examined as the methyl ester, 
but, after trimethylsilyaltion, it was possible to 
identify it as the 3a,12a-dihydroxy-7-keto-5fl- 
cholanoate, which is a known compound with a 
published spectrum (15). This trimethylsilyl 
ether showed a molecular ion at m/e 564, and a 
base peak at m/e 341, corresponding to the loss 
of the side chain and one trimethylsilyl ether 
group and one molecule of water. Other major 
peaks were seen at m/e 251, corresponding to 
the steroid nucleus of a dihydroxy ketone; at 
m/e 269, which represents the steroid nucleus 
of a dihydroxy bile acid plus an oxygen; at m/e 
366, corresponding to M - (2 x 90 + 18); at 
m/e 474, corresponding to M - 90; and at m/e 
549, corresponding to M -  15, as well as other 
smaller fragments characteristic of the overall 
structure of this acid. The third TLC band 
corresponded to CDCA, and, on direct probe 
mass spectrometry, the appropriate spectrum 
was obtained (15). It had a molecular ion at 
m/e 406, a base peak at m/e 370, as well as a 
large fragment at m/e 255, corresponding to the 
steroid nucleus of a dihydroxy bile acid. The 
fourth TLC band corresponded to 3-keto,7a, 
12a-dihydroxy bile acid, which could be identi- 
fied without trimethylsilylation. It is a known 
bile acid with a published mass spectrum (14). 
This methyl ester had a molecular ion at m/e 
420, a base peak at m/e 269, and a large 
fragment at m/e 251 corresponding to the 
steroid nucleus of a dihydroxy monoketo bile 
acid. The solvent front contained small 
amounts of a steroid material of low polarity 
which could not  be immediately identified 
when analyzed as the methyl ester by direct 
probe. 
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Table 1I gives the mole percen tages  of the  
individiual  bile acids in the  to ta l  bile acid 
mix tu res  f rom the  var ious  groups  of  fish. Ca. 
14% of  the  to ta l  bile acid in the  6 m o n t h  old 
fish was CDCA and 80% CA. In 13 m o n t h  old 
fish, the percen tage  of  CDCA had decreased to 
ca. 6% and in s tarving 12 m o n t h s  old fish to ca. 
1%, wi th  co r r e spond ing  increases  in the  p ropor -  
t ion of  CA. Table  II also shows t ha t  the  pool  
size of  the bile acids was ca. 20 t imes  as large in 
the  12 m o n t h  old  as in the  6 m o n t h  old fed fish 
( P > 0 . 0 0 1 ) ,  and  twice as large as in the  s tarved 
12 m o n t h  old fish ( P ~ 0 . 0 0 2 ) .  The  bile acid 
pool size measured  by direct  GLC and by 
c o m b i n e d  TLC-GLC m e t h o d s  showed  good 
agreement  for all groups.  

Metabolism of Bile Acids 

Figure 2 shows the e lu t ion  pa t t e rns  of  mass 
and  rad ioac t iv i ty  as o b t a i n e d  by rad io-GLC of  
the  t r ime thy l s i ly l e the r s  of  the  bile acid m e t h y l  
esters r ecovered  f rom the  i n c u b a t i o n  of  cheno-  
deoxycho l i c -24-14C wi th  the  liver h o m o g e n a t e  
of 12 m o n t h  o ld  fish. Ca. two- th i rds  of  the  
added  c h e n o d e o x y c h o l a t e  has been conve r t ed  
in to  chola te .  Table II1 gives the  d i s t r ibu t ion  of  
rad ioac t iv i ty  a m o n g  the  bile acids of  the  t rou t  
liver fo l lowing i n c u b a t i o n  of  radioac t ive  chcno-  
d e o x y c h o l a t e  wi th  the  var ious t r o u t  liver ho-  
mogenates .  It is seen t ha t  the  livers of  b o t h  6 
and  1 2 m o n t h  old fish were capable  of  conver t -  
ing CDCA into  CA, bu t  t ha t  the  o lder  livers 
accompl i shed  it ca. 3 t imes  more  rapid ly .  No 
convers ion  was observed  when  boi led ho-  
mogena tes  were e m p l o y e d .  This  i n t c r conve r s ion  
of  the  bile acids may expla in  the  lower  mola r  
percen tage  ol c h e n o d e o x y c h o l a t e  in the  o lder  
g roup  of  fish. There  was no  s ignif icant  radioac-  
t ivity f o u n d  in any  o t h e r  bile acid b a n d  
recovered  by TLC of  the  bile acid m e t h y l  
esters.  

o ~ i'o 

2 

l~ 2'0 2'5 MIN 

FIG. 2. Radio-~s liquid chromato~aphy of bile 
acids of fish liver homogenates following incubation 
with chenodeoxycholic acid-24-14C. Upper tracing, 
radioactivity; lower tracing, mass. Peaks 1 and 2 
represent cholic and chenodeoxycholic acids, respec- 
tively. Instrument: Packard model 7401 gas chromato- 
graph equipped with model 1894 proportional radio- 
activity monitor and a copper oxide furnace. Column: 
120 cm x 2 mm inside diameter glass tube packed with 
19:1 (w/w) mLxture of 3% HI-EFF-8BP and 3% 
OV-210 on 100-120 mesh Gas Chrom Q, respectively. 
Carrier gas, argon, 55 ml/min. Temperatures: column, 
225 C; injector, 225 C; detector, 240 C. Proportional 
counter conditions: range, 3000 cpm; time constant, 
10 sec.; high voltage, 1650 v; quench gas:propane, 5 
ml/min. Combustion furnace, 750 C. Flame ionization 
mass detector with 10:1 stream splitter. Sample: 2 
uliter 1% solution of the bile acid methyl ester 
trimethylsilylcthers in silylation mixture. Total radio- 
activity, 9000 dpm. 

DISCUSSION 

In general ,  ou r  f indings  on  the  r a inbow t r o u t  
agree wi th  the overal l  evo lu t i ona ry  pa t t e rn  
p roposed  by l l a s l ewood  (1). The  bile salts of  
many  fishes,  i nc lud ing  some b o n y  fishes of  
fresh watc r  con t a in  chief ly  e i t he r  su l fa ted  or 
taur ine  con juga t ed  bile acids (17) .  Since the  
sulfates  c o n s t i t u t e  on ly  5-10% of  the  to ta l  bile 

T A B L E  II 

Bile Ac id  C o m p o s i t i o n  o f  R a i n b o w  T r o u t  a 

S t a rved  f ish 
Bile ac ids  6 M o n t h s  old  13 M o n t h s  o ld  12 m o n t h s  o ld  

T o t a l  bile ac id  poo l  ( jamoles)  
T o t a l  bile ac id  pool  ( /amoles)  
Cho l i c  ac id  ( m o l e  % t o t a l )  
C h e n o d e o x y c h o l i c  ac id  

( m o l e  % to t a l )  

3ct,l 2ct-I)ihy d r o x y - 7 - k e t o -  
c h o l a n o i c  ac id  (mole  % to t a l )  

7t~,l 2Q- f ) ihy d rox  y -7 -ke to -  
c h o l a n o i c  ac id  ( m o l e  % to t a l )  

0 .63-+  0 . 1 3  14 .17  -2_ 0 . 4 6  7.91 -+ 1 .30 
0 . 6 0  + - 0 . 1 3  13 .99  + 0 .57  7 .11 +- 1.45 

8 5 . 3 5  -+ 0 .85  9 3 . 6 2  -+ 0.31 9 8 . 5 8  -+ 1 .19 

14 .67  +- 0 .85  5 .95  +- 0 . 2 9  1 .40  -+ 0 .63  

T r a c e  T r a c e  T r a c e  

Trace  T r a c e  T r a c e  

a C o r r e c t e d  gas l iqu id  c h r o m a t o g r a p h i c - t h i n  l ayer  c h r o m a t o g r a p h i c  a n a l y s e s  +- s t a n d a r d  e r r o r  (see 
text). 
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TABLE III 

Metabolism of Labeled Chenodeoxycholic Acid in 
Liver Homogenate of Rainbow Trout a 

6 Months old b 13 Months old b 
cpm of: cpm x 103 cpm x 103 

cpm of chenodeoxycholic acid-24-14 C 
added 

cpm of chenodeoxycholic acid-24 -14C 
after incubation 

cpm of cholic acid-24-14C 
after incubation 

cpm of chenodeoxycholic acid-24-14 C after 
incubation with boiled homogenate 

Total recovery of 14C 

125 125 

95_+4 31_+4 

2 3 + 3  87-+6 

120 -2_ 5 118 + 5 
118-+5 118-+7 

aThe substrate 100 nmole chenodeoxycholic acid-24-14C (125 x 103 dm) was incubated with an 
amount of homogenate equivalent to 500 mg liver at 37 C in air for 1 hr in 5 ml 0.1 M phosphate 
buffer (pH 7.6) containing 5 mM MgCI 2, 1 mM nicotinamide, 0.5 mM glutathione, and NADPH 
generating system (1 #mole glucose-6 phosphate, 0.5 kornberg unit glucose-6 phosphate). 

bNumber of incubations were 6/group. 

salt, t he  r a i n b o w  t r o u t  m a y  be r a n k e d  in an  
advanced  pos i t ion  a m o n g  the  Teleostei. Al- 
t h o u g h  su l fa t ed  bile acids are t heo re t i ca l ly  

charac ter i s t ic  o f  pr imi t ive  ve r t eb ra t e s  (1),  re- 
cen t  ev idence  ind ica tes  t ha t  h igher  ve r t eb ra tes ,  
i.e. m a n  and  l ab o ra to ry  rat ,  also can f o r m  

su l fa ted  bile acids u n d e r  cer ta in  c o n d i t i o n s  
(5 ,14 ,18) .  The  chief  bile acid in  r a i n b o w  t r o u t  
is CA, bu t  CDCA is p resen t  in smal l  a m o u n t s .  

B o th  of  these  acids are con juga t ed  m a i n l y  wi th  
taur ine .  

Unl ike  t h a t  o f  the  m a m m a l s  (19) ,  r a i n b o w  
t r o u t  liver appears  to conver t  e f f i c ien t ly  CDCA 

in to  CA. A h y d r o x y l a t i o n  of  CDCA to  CA also 
is a c c o m p l i s h e d  in o the r  n o n m a m m a l i a n  spe-  

cies, s uch  as p y t h o n  (20) ,  eel (21) ,  and  ch i cken  

(22) .  The  h igher  rat io  of  CA to  CDCA in the  
yea r  old, as c o m p a r e d  to  the  6 m o n t h  old f i sh  

m a y  be re la ted  to h y d r o x y l a t i o n  of  the  C D C A  
to  CA. The  year  old t r o u t  cou ld  be s h o w n  to  

a f fec t  this  conve r s ion  at a cons ide rab ly  h igher  

ra te  t h a n  the  6 m o n t h  old  t r ou t .  
S tarva t ion  o f  t r o u t  r e su l t ed  in  a r e d u c t i o n  in 

the  size o f  the  bile acid pool  and  an increase  in 

the  ra t io  o f  CA to  CDCA acid. It  is d i f f icul t  to  
exp la in  the  r e d u c t i o n  in the  pool  size, s ince no  

i n f o r m a t i o n  is available on  t he  n u m b e r  of  

e n t e r o h e p a t i c  c i rcu la t ions  of  t he  bile acid pool  
o f  r a i n b o w  t rou t .  However ,  in Rhesus  m o n k e y  

fas t ing  is k n o w n  to  decrease t he  e n t e r o h e p a t i c  

c i rcu la t ion  a n d  t h e  v o l u m e  of  bile (23) .  The  
r educed  sec re t ion  o f  the  bile salts in s t a rva t ion  

also wo u ld  lead  to  dec reased  s y n t h e s i s  o f  bile 

acids as a resu l t  o f  a f eed -back  inh ib i t i on  (24)  
wh ich  also co u ld  c o n t r i b u t e  to  r e d u c e d  bile 
acid pool .  
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