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SUMMARY 

The microbial degradation of hyodeoxycholic acid by Pseudomonas spp. N.C.I.B. 10590 has been stud- 
ied. Two major products and one minor product have been isolated and identified as ba-hydroxyan- 
drosta-1,4-dien-3,17-dione, 6a-hydroxy-3-oxopregna-l,4-dien-20-carboxylic acid and nndrosta-1,4-dien- 
3,6,17-trione respectively. Two other minor products were isolated and evidence is given for the follow- 
ing structures: 6a-hydroxyandrost-4-en-3,l I-dione and 6u-hydroxy-3-oxopregn-4-en-20-carboxylic acid. 
A possible paathway of hyodeoxycholic acid degradation is suggested. 

INTRODUCTION 

The production of physiologically active steroids 
from the microbial degradation of bile acids [l] is of 
potential importance commercially. The microbial 
degradation of the more common bile acids has been 
studied [2,3] but there is little evidence of any inves- 
tigation into the microbial degradation of hyodeoxy- 
cholic acid. The only reported observation of this 
kind involves a strain of Escherichia coli isolated 
from a faecal sample of a colon cancer patient. This 
isolate has the ability to degrade hyodeoxycholic 
acid under anaerobic conditions [4]. 

The degradation of bile acids by bacteria present 
in the human gut has been implicated in the aetio- 
logy of colon [S] and breast [6] cancer. Although 
hyodeoxycholic acid is not a naturally occurring bile 
acid in humans it may be fed to patients suffering 
from gallstones [7]. This would mean relatively large 
amounts of hyodeoxycholic acid would be present in 
the gut of such patients, enabling microbial degrada- 
tion to take place. 

In this paper we present evidence for the structure 
and configuration of the two main (2 and 5) and one 
minor (3) side-chain cleavage products isolated dur- 
ing the aerobic degradation of hyodeoxycholic acid 
by Pseudomonas spp. N.C.I.B. 10590. Two other 
minor compounds have been isolated and their 
structures are discussed. The isolation of these meta- 
bolites has enabled the postulation of a pathway of 
hyodeoxycholic acid degradation. 

EXPERIMENTAL 

Hyodeoxycholic acid, Sa-cholestane and androsta- 
1,4-dien-3,17-dione were obtained from Koch Light. 

7 Present address: International Development Labora- 
tory, E. R. Squibb & Sons Ltd., Reeds Lane, Moreton, 
Merseyside, England. 

General reagents were of Analar grade and obtained 
from B.D.H. and all solvents were redistilled before 
USe. 

Melting points were determined using a Kofler 
hot-stage apparatus and are uncorrected. Elemental 
analyses were determined by the Butterworth Micro- 
analytical Consultancy. Infra red spectra were deter- 
mined from KBr discs on a Perkin-Elmer 457 spec- 
trophotometer. Ultraviolet spectra were determined 
for solutions in methanol on a Pye-Unicam SP 1800 
spectrophotometer. Nuclear magnetic resonance pro- 
ton spectra were recorded on a Varian HA 100 
spectrometer from solutions in deuterated chloro- 
form. Mass spectra were recorded on an A.E.I. 
MS 12 spectrometer. 

Analysis by gas chromatography was performed at 
260” using 3% OV-17 on SO/l00 mesh “Supelcoport” 
in a 1.5 m x 3 mm column obtained from Phase 
Separations. Retention times were measured relative 
to Sa-cholestane with a flow rate of 30 ml min-’ 
nitrogen in a Hewlett-Packard HP 5470 instrument. 
Analysis by thin layer chromatography was per- 
formed on 0.25mm layers of Kieselgel GFZs4, 
obtained from Merck, in methanol-dichloromethane 
(1: 9, V/V) and the mobilities were measured relative 
to androsta-1,4-dien-3,17-dione. Products containing 
a 4-en-3-one or a 1,4-dien-3-one structure were 
detected under ultraviolet light; other products were 
detected by their colour with anisaldehyde re- 
agent [S]. Isonicotinic acid hydrazide(INH) spray re- 
agent [9] was used to distinguish between 4-en-3-oxo 
and 1,4-dien-3-oxo steroids. Purification was 
achieved by preparative thin layer chromatography 
on Kieselgel GFz5., as above. 

Oxidation was performed on thin layer chroma- 
tography by overspotting with a solution of Jones’ 
chromic reagent [lo] diluted 1:4 with acetone. Ace- 
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tylation was performed by overspotting with acetyl 
chloride. Reduction was performed by overspotting 
with potassium borohydride reagent (1 g KBH4, 

1 ml 2N NaOH, 8 ml H20). Acidic steroids were 
methylated with diazomethane. Trimethylsilyl (TMS) 

ethers were prepared using bis-trimethylsilyl aceta- 
mide. 

1.01, after acetylation R, 1.02 and after reduction RF 
0.48. 

The culture medium consisted of sodium hyodeox- 
ycholate (1.0 g); K,HPOL (1.6 g), KHzPOI (0.4 g), 

KNO, (1.0 g) (mineral salts); FeSO,. 7H20 (2.5 mg), 
ZnSO, 7Hz0 (2.5 mg), MnSO, .4Hz0 (2.5 mg) (trace 
elements); MgS04.7H,0 (0.1 g) and distilled water 

to one litre (pH 7.2). Solutions of sodium hyodeoxy- 
cholate, mineral salts, trace elements and magnesium 
sulphate were autoclaved separately before mixing. 
Shake-flask cultures were grown on an L.H. 
Engineering orbital incubator and the ten litre cul- 

ture was grown in an L.H. Engineering Fermenter 
with constant aeration of 2l/min and stirring at 
200 rev/min. The incubation temperature was 28°C at 
all times. 

Androsta-1,4-dien-3,6.17-trione (3). Recrystallization 
of 3 from methanol/dichloromethane yielded pale yel- 
low needles (3 mg) m.p. 211&212”C. (Found: C, 76.46; 

H, 7.20. C19H220, requires: C, 76.51 ; H 7.38%). rmax 
1720 (17-ketone), 1680 (6-ketone). 1647 (3-ketone), 
1618 and 1597cm-’ (C,-C, and C,-Cs double 
bonds); &,,,, 250 nm (e 13,000); 6 0.98, 1.25 (6H, s. 
18-CHa and 19-CH3), 6.30 (lH, d, showing further 
splitting J = 10 Hz, 2-H), 6.38 (lH, s, slight splitting, 
4-H) and 7.08 (1 H. d, J = 10 HZ, 1-H); M+ 298 

(CI,H2,0, requires M’ 298) and m/r 135 (1.4-dien- 
3,6-dione). GLC RF 2.3; TLC RF 1.01, after oxidation 
RF 1.01. after acetylation RF 1.01 and after reduction 
R, 0.52. 

The cells obtained from a one litre shake-flask cul- 
ture of Pseudomonas spp. N.C.I.B. 10590 by centrifu- 
gation at 10,000g on a MSE Mistral 4L centrifuge 
were used to inoculate ten litres of the culture 
medium. The course of the transformation was fol- 
lowed by sampling the culture at one hour intervals. 
The cell density was calculated from the absorbance 
of the culture at 54Onm. Filtration of the samples 
through a 0.45 pm Millipore filter enabled the direct 
determination of the absorbance at 252 nm of the 

steroidal mixture. Extraction of the samples with 
ethyl acetate followed by thin layer chromatography 

and gas chromatography analysis enabled determina- 
tions of the relative concentrations of hyodeoxycho- 
lit acid, the major acidic and the major neutral ster- 
oids. When the absorbance at 252nm reached a 
maximum, after 18 h, the culture was terminated by 
direkt extraction of the metabolites into dichloro- 
methane (4 x 1 1.). After drying over MgS04 the sol- 
vent was removed under reduced pressure at 30°C to 
yield 2.3 g of a tarry residue. The residue was then 
taken up in warm dichloromethane (10 ml) and the 

mixture was separated by preparative thin layer 
chromatography into a series of fractions from which 
steroids 2, 3, 4, 5 and 6 were crystallized. 

6cc-hydroxandrost-4-en-3,17-dione (4). Present as an 
impure solid (1 mg). i.,,, 240 nm: mass spectrum 

(TMS ether of 4) M+ 374(C,,Hs403Si requires 
M+ 374) m/e 212 (4-en-3-one-6-TMS ether) and 

m/e284(M+-H20).GLC(TMS ether of 4) RF 1.5; 
TLC RF 0.80, after oxidation RF 1.06, after acetylation 
RF 1.04 and after reduction RF 0.50. 

Methyl 6a-hydroxy-3-oxopregna-1,4-dien-2O-oate 
(methyl ester of 5). Recrystallization of methyl 5 from 
methanol/dichloromethane yielded white prisms (9mg) 
m.p. 253-254°C. (Found: C, 73.99; H, 8.73. Cz3Hs20C 

requires: C, 74.20; H, 8.60%). v,,, 3492(hydroxyl), 
1718 (carboxyl), 1654 (3-ketone), 1620 and 1602 cm-’ 

(C,-C, and C&s double bonds); imar 244nm 
(e 14,510); 60.80, 1.24(6H, s, 18-CHa and 19-CH,), 

1.26(3H, d, J = 6 Hz, 21-CHs), 3.71 (3H, s, 22-OCH,), 
4.52 (lH, m, 6/?-H), 6.29 (lH, d, showing further split- 
ting, J = 10 Hz, 2-H). 6.55 (lH, s, slight splitting, 4-H) 
and 7.06 (lH, d, J = 10 Hz, I-H); M+ 372 (C23H320d 
requires M + 372) m/e 138 (1,4- dien-3-one-6-ol), m/e 
267 (Me-side-chain + H20) and m/e 354(M+ - H,O). 
GLC (TMS ether of methyl 5) R, 4.3; TLC RF 0.78; 
after oxidation R, 1.02, after acetylation R, 1.07 and 

after reduction RF 0.78. 
Methyl 6a-hydroxy-3-oxopregn-4-en-20-oate (methyl 

ester of 6). Recrystallisation of methyl 6 from metha- 
nol/dichloromethane yielded white prisms (10 mg) 
m.p. 246247°C. v,,, 3472 (hydroxyl), 1722 (carboxyl), 
1655 (3-ketone) and 1618 (Cd-C, double bond); I.,,, 
241 nm (e 15,640); 6 0.82, 1.23 (6H. s, 18-CH3 and 
19-CHJ, 1.25(3H, d. J = 6Hz, 21-CHa), 3.72(3H, s, 
22-OCHa), 4.54(1H, m, 6/?-H) and 6.45(1H, s, 4-H); 
M+ 374 (C2aHs404 requires M+ 374) m/e 140(4-en- 
3-one-6-01) tn/e 269 (M+-side-chain + H,O) and m/e 
356 (M+-H20). GLC (TMS ether of methyl 6) RF 3.6; 
TLC RF 0.84, after oxidation RF 1.06, after acetylation 
RF 1.10 and after reduction RF 0.84. 

6a-hydroxyandrosta-1,4-dien-3,17-dione (2). Recrys- 
tallization of 2 from methanol/dichloromethane 

yielded white prisms (16 mg) m.p. 24&24 1 “C. (Found : 
C, 75.69; H, 7.97. C19H2403 requires: C, 76.00, H, 

8.00%). v,,, 3480 (hydroxyl), 1737 (17-ketone), 1654 (3- 
ketone), 1618 and 1603cm-’ (C,-C, and Cd-C, 

double bonds); i.,,, 244 nm (e 14,470); 6 0.97, 1.26 (6H, 
s, 18-CH, and 19-CHs), 2.3@2.50(2H, m, 16-CHJ, 
2.94(1H, s, 6-OH), 4.55(lH, m, 6fi-H), 6.30(1H, d, 
showing further splitting, J = 10 Hz, 2-H), 6.56 (lH, s, 
slight splitting, 4-H) and 7.08 (lH, d, J = 10 Hz, I-H); 
M+ 300(C19H,,03 requires M+ 300), m/e 138(1,4- 
dien-3-one-6-01) and m/e 282 (M+-H,O). GLC (TMS 
ether of 2) R, 1.8; TLC RF 0.77, after oxidation R, 0.40. 

Phenolic compounds. A crude mixture of com- 
pounds remained after the removal of the steroidal 
metabolites. i,,, 218 and 275 nm (methanol), 220 
and 298 nm(NaOH methanol). GLC Two main 
metabolites RF 0.2 and 0.8; TLC Two main metabo- 
lites R, 0.79 and 0.70, other metabolites R, 0.91 and 
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Fig. 1. The relationship between cell density (O-O) and concentration of 1,4-dien-3-oxo steroid 
(A-A) during the oxidation of hyodeoxycholic acid (1) by Pseudomonas spp. N.C.I.B. 10590. 

RESULTS 

Pseudomonus spp. N.C.I.B. 10590 grew well on 
sodium hyodeoxycholate, in a mineral salts medium. 
The course of the transformation was followed by 
measurement of the increase in both cell density and 
the concentration of 1,4-dien-3-oxo steroids (Fig. 1). 
The growth of the Pseudomonas species on sodium 
hyodeoxycholate showed a typical lag, log and 
stationary phase, while the concentration of 
1,4-dien-3-oxo steroids in the medium showed a 
maximum after 18 h. The concentration of hyodeoxy- 
cholic acid was shown to decrease with time, 
whereas the concentration of the major acidic and 

neutral, 1,4-dien-3-oxo steroids reached a maximum 
after 16 h and 19 h respectively (Fig. 2). 

The metabolites isolated after 18 h transformation 
of hyodeoxycholic acid (1) are shown in Fig. 3. The 
major neutral compound (2) was isolated as a crys- 
talline solid, the mass spectrum of which shows a 
molecular ion at m/e 300. The infra red spectrum 
(1654, 1618 and 1603 cm- ‘, @-unsaturated ketone), 
the ultraviolet spectrum (&,,, 244 nm, di-fl-substi- 
tuted @unsaturated ketone in a six-membered ring, 
double bond exocyclic) [ll] and the nuclear mag- 
netic resonance proton spectrum (three vinylic pro- 
tons in the range 6.30-7.086) of 2 suggest a steroidal 

1;711111111(1111111111111111(Il;j;l 
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Fig. 2. The relationship between the concentration of hyodeoxycholic acid (1) (O-O), the major 
neutral (2) (A-A) and acidic (5) (H-m) 1,4-dien-3-oxo steroids during the degradation of hyo- 

deoxycholic acid by Pseudomonas spp. N.C.I.B. 10590. 
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Fig. 3. Metabolites isolated from the degradation of hyo- 
deoxycholic acid by Pseudomonas spp. N.C.I.B. 10590. 

1,4-dien-3-one A ring structure. An intense ion at 
m/e 138 in the mass spectrum of 2 suggests the pres- 
ence of a steroidal 1,4-dien-3-one-6-01 structure [lZ]. 
Compound 2 is easily oxidized, acetylated and 
reduced suggesting the presence of both a hydroxyl 
and a ketone group. This is confirmed by the infra 
red spectrum which contains a peak at 3480cm- ’ 
characteristic of hydroxyl groups and a peak at 
1737 cm- ’ characteristic of a ketone group in a five- 
membered ring. The nuclear magnetic resonance 
proton spectrum of 2 shows a broad multiplet 
centred at 4.556. The dihedral(Karplus) angles for 
the 6p proton and the two protons at C? are about 
60” and 180” giving two different coupling constants. 
A four-line multiplet would, therefore, be expected, 
but the pattern is probably further complicated by 
allylic coupling to the proton at C,. On this basis 
the hydroxyl group of 2 is assigned the 6u configur- 
ation [13]. Further support for this assignment is 
provided by the observation [14] that loss of the ele- 
ments of water from the molecular ion in the mass 
spectrometer occurs more readily with axial hy- 
droxyl groups than with equatorial hydroxyl groups. 
With compound 2 a low intensity ion was observed 
at m/e282 in the mass spectrum indicating the pres- 
ence of a 6~x equatorial hydroxyl group. Compound 
2 is therefore assigned the structure 6~-~y~~uxyun- 
drosta- I,4-dien-3,17-dione. 

Two minor neutral compounds (3,4) were isolated 
and the mass spectrum of 3 shows a molecular ion 
at m/e 298 and an intense ion at m/e 135 suggesting a 
steroidal 1,4-dien-3,6 dione structure [12]. Confirma- 
tion of this structure is provided by the ultraviolet 
spectrum (L,,, 250 nm, di-p-substituted a$-unsatur- 
ated ketone in a six-membered ring, double bond 
exocyclic, extended by a carbonyl group at C,) [ll]. 

The infra red and the nuclear magnetic resonance 
proton spectra of compound 3 provide con~rmation 
of the 1,4-dien-3-one A ring structure as before. 
Compound 3 resists both oxidation and acetylation 
corresponding to the oxidation product of 2. Com- 
pound 3 is easily reduced suggesting the presence of 
a ketone group. This is confirmed by the infra red 
spectrum which contains a peak at 1680cm-’ 
characteristic of a ketone group and a peak at 
1720 cm-’ characteristic of a ketone group in a five- 
membered ring. Compound 3 is therefore assigned 
the structure androstct-l,4-dien-3,h,I 7-trione. 

The trimethylsilylether (TMS-ether) of 4 shows a 
molecular ion at m/e374 and an intense ion at 
m/e212 in the mass spectrum, suggesting a steroidal 
4-en-3-one-6-TMS-ether structure [12]. The ultra- 
violet spectrum of 4 (L,,, 240 nm, di-@-substituted 
a&unsaturated ketone in a six-membered ring, 
double bond exocydic) [1 l] and the immediate de- 
velopment of an intense yellow coloration with isoni- 
cotinic acid hydrazide spray (INH) 191, provide some 
confirmation of the 4-en-3-one A ring structure. 
Compound 4 is easily oxidized, acetylated and 
reduced suggesting the presence of both a hydroxyl 
and a ketone group. Thin layer chromatographic 
analysis shows 4 is siightly less polar than 2 and the 
oxidation product of 4 is slightly less polar than 3. 
This shows that the oxygen substitution pattern is 
probably the same in all three compounds, the slight 
difference in polarity being caused by the different A 
ring structures. Insufficient pure 4 is available to 
obtain nuclear magnetic resonance proton spectra so 
the stereo-chemistry of the hydroxyl group is inferred 
from the mass spectral analysis. The TMS-ether of 4 
shows a low intensity ion at m/e284 in the mass 
spectrum indicating the presence of a 6c( equatorial 
TMS-ether [ 141. Compound 4 is, therefore, tentati- 
vely assigned the structure ~~-hydr~)xya~dro.~f-4- 
en-j, f 7-dione. 

The major acidic steroid (5) was isolated as a crys- 
talline solid the methyl ester of which shows a mo- 
lecular ion at m/e 372. The infra red, the ultraviolet 
and the nuclear magnetic resonance proton spectrum 
of methyl 5 suggest a steroidal 1,4-dien-3-one A ring 
structure as before. An intense ion at m/e 138 in the 
mass spectrum of methyl 5 suggests the presence of a 
steroidal 1,4-dien-3-one-6-01 structure. Compound 5 
is easily oxidized and acetylated but resists reduction 
suggesting the presence of a hydroxyl group. This is 
confirmed by the infra red spectrum. The nuclear 
magnetic resonance proton spectrum of methyl 5 
shows a broad multiplet centred at 4.526 and on 
this basis the hydroxyl group of 5 is assigned the 6a 
configuration. Confirmation for this assignment is 
provided by the presence of a low intensity ion at 
m/e354 in the mass spectrum. An intense ion at 
m/e267 in the mass spectrum of methyl 5 corre- 
sponds to loss of the side-chain from Cl,. Com- 
pound 5 is therefore assigned the structure 6a- 
hydroxy-3-oxopregna-I.4-dirrr-20-carhoxjliic acid. 
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Another acidic compound (6) was isolated, the 
methyl ester of which shows a molecular ion at 
m/e 374. The infra red spectrum (1655 and 
1618 cm-‘, afl-unsaturated ketone), the ultraviolet 

spectrum (L 241 nm, di-Ssubstituted a/I-unsatur- 
ated ketone in a six-membered ring, double bond 
exocyclic) [ 1 l] and the nuclear magnetic resonance 
proton spectrum (one vinylic proton at 6.456) of 
methyl 6 suggest a steroidal 4-en-3-one A ring struc- 
ture. An intense ion at m/e 140 in the mass spectrum 
of methyl 5 suggests the presence of a steroidal 
4-en-3-one-6-01 structure [12]. Compound 6 is easily 
oxidized and acetylated but resists reduction suggest- 
ing the presence of a hydroxyl group. This is con- 
firmed by the infra red spectrum. The hydroxyl 
group is assigned the 6cr configuration from the nuc- 
lear magnetic resonance proton spectrum. Again a 
broad multiplet centred at 4.546 is shown. A low in- 
tensity ion at m/e 356 and an intense ion at m/e 269 
in the mass spectrum, confirmed the loss of a 6a hy- 
droxyl group and the side-chain from Ct,. Com- 
pound 6 is therefore assigned the structure 6a-hy- 
droxy-3-oxopregn-4-en-20-carboxylic acid. 

The yield of the steroidal metabolites isolated is 
listed in Table 1. 

A crude mixture of compounds was left after the 
removal of the steroidal metabolites. This mixture 
contained two main metabolites, both of which gave 
very short retention times on gas chromatography 
suggesting that they are low molecular weight com- 
pounds. The ultraviolet spectrum of the mixture 
(L,,, 218 and 275 nm) which showed a bathochromic 
shift in alkaline solution (n,,,,, 220 and 298 nm) indi- 
cated the presence of phenolic compounds. 

DISCUSSION 

The isolation and identification of steroidal meta- 
bolites 2, 3, 4, 5 and 6 during the degradation of 
hyodeoxycholic acid by Pseudomonas SPP. 
N.C.I.B. 10590 is the first recorded instance of the 
microbial degradation of hyodeoxycholic acid under 
aerobic conditions. Hyodeoxycholic acid is freely 
available in pig bile and could be used to produce 
physiologically active steroids by microbial degrada- 
tion and subsequent chemical modification. 

The microbial degradation of bile acids has been 
studied for many years but as yet no one pathway 
has been established to occur universally. A pathway 

for both lithocholic acid [ 151 and chenodeoxycholic 
acid [16] degradation has been postulated and the 
metabolites isolated during the degradation of hyo- 
deoxycholic acid follow a similar pattern. All prod- 
ucts containing a double bond in the A ring possess 
a ketone group at CJ [2,3,15,16] and it is therefore 
suggested that 3a-hydroxysteroid dehydrogenation 
precedes the dehydrogenation of ring A. Dehydro- 
genation between Ct and C2 presumably occurs after 
dehydrogenation between C4 and Cs, since no prod- 
ucts containing a single double bond at CL-C2 have 
been isolated [Z, 3, 15,163. The products isolated and 
identified from the degradation of deoxycholic acid 
by Pseudomonas spp. N.C.I.B. 10590 exhibit a ratio 
of 4-en-3-oxo to 1,4-dien-3-oxo steroids from 1: 1 
(C,,), 1:4 (C,,) to 1:25 (C,,) [17], suggesting that 
dehydrogenation between Ct and C2 may occur at 
any stage during bile acid degradation. It is not 
known whether or not 6a-hydroxysteroid dehydro- 
genation can occur at any stage during bile acid 
degradation since compound 3 is the first reported 
6-0~0 metabolite. 

It has been postulated [2] that for the cleavage of 
the bile acid side-chain to occur it must first be 
transformed to at least a 4-en-3-oxo steroid. This 
hypothesis is supported by the fact that all side- 
chain cleavage products isolated so far are such 
metabolites. The mechanism of side-chain cleavage 
probably occurs by fl-oxidation from a Cz4 bile acid 
through a CZ2 metabolite to a Cl9 androstane. This 
is illustrated in the degradation of hyodeoxycholic 
acid (1) (C,,) by Pseudomonas spp. N.C.I.B. 10590 
where compound 5 (C,,) is produced in the medium 
before compound 2 (C,,) (Fig. 2). 

Cholic acid and lithocholic acid have been 
degraded to non-steroidal products [l&19] by 
Arthrobacter simplex. Chenodeoxycholic acid was 
degraded by Pseudomonas spp. N.C.I.B. 10590 to 
non-steroidal metabolites Cl63 which were probably 
of a phenolic nature. The non-steroidal metabolites 
produced from hyodeoxycholic acid were similar to 
those isolated from chenodeoxycholic acid degrada- 
tion. The mechanism of formation of these metabo- 
lites is probably similar to the pathway shown by 
the microbial degradation of androsta-1,4-dien-3,17- 
dione [20]. In this case 9a-hydroxylation precedes 
aromatization of the steroid A ring and fission of the 
C&to bond to give a 9,10-secosteroid. The steroid 
is then degraded to non-steroidal products. 

Table 1. Yield of metabolites with respect to starting material after 18 h incubation 

Metabolite 

6a-Hydroxyandrosta-1,4-dien-3,17-dione (2) 
Androsta-l+dien-3,6,17-trione (3) 
C-Hydroxyandrost-4-en-3,17-dione (4) 
6a-Hydroxy-3-oxopregna-1,4-dien-2O-carboxylic acid (5) 
6c+Hydroxy-3-oxopregn-4-en-20-carboxylic acid (6) 

Yield 
(“XJ 

14.0 
1.5 
0.5 
5.0 
4.0 
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Scheme 1. Proposed microbial degradative pathway of 
hyodeoxycholic acid. Previously reported metabolites are 
shown completely enclosed and suggested metabolites are 

shown in square brackets. 

With the above facts taken into consideration a 
degradative pathway for hyodeoxycholic acid is pro- 
posed (Scheme 1). 

Compounds 2 and 5 have been produced under 
anaerobic conditions by an E. coli strain isolated 
from a faecal sample of a colon cancer patient [4]. If 
hyodeoxycholic acid is to be used for the treatment 
of gallstones, a study on the carcinogenicity of com- 
pounds 2 and 5 would be of value. 
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