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SUMMARY 

The metabolism and conjugation in vitro of [4-14c]-cortisol by a variety of dog tissues have been 
investigated. Quantitatively, oxidation at C-l 1 to cortisone was the major biotransformation 
which occurred in all tissues studied. Reduction of C-20, primarily to 20p-dihydro metabolites 
and side chain cleavage to C-19 steroids was also demonstrated to an appreciable extent in all 
the tissues except the brain. Of the extrahepatic tissues, the kidney and adrenal cortex were the 
most metabolically active. Reduction of the 4-5 double bond and C-3 ketone of ring A was 
characteristic of the liver. Sp-Isomers were the major type of products. Small quantities of 6p- 
hydroxycortisol and 6phydroxycortisone were synthesized by the adrenal cortex and the liver. 
Of special interest was the isolation of 6/3-hydroxy_20&dihydro derivatives from the liver. A 
small fraction of ring A-reduced metabolites was conjugated with glucuronic acid in the liver, 
while the capacity to sulfate cortisol was noticed in the adrenal, liver, kidney, muscle and lung. 

INTRODUCTION 

ALTHOUGH the liver is usually accepted as being the major site for metabolism 
and conjugation of steroids, there is evidence that biotransformation of steroids 
can also occur in the extrahepatic tissues. In eviscerated rats, Berliner et al. [ 11 

The following trivial names and abbreviations are used: cortisol (F); cortisone (E); 2Ocz-dihydro- 
cortisol (20~DHF): 1 I@, 17a, 20o, 21-tetrahydroxy-4-pregnen-3-one; ZO/%dihydrocortisol (2Op- 
DHF): 1 l/3, 1701, 2Op, 21-tetrahydroxy-4-pregnen-3-one; 20a-dihydrocortisone (20c+DHE): 17% 
2Oa, 2 I-trihydroxy-4-pregnen-3, 1 I-dione; 20P-dihydrocortisone (ZOP-DHE): 17a, 20& 2 l-tri- 
hydroxy-4 pregnen-3, 1 I-dione; 6P-hydroxycortisol (6P-OH-F): 6p, 1 lp, 1701, 21-tetrahydroxy-4- 
pregnen-3,20-dione; 6/3-hydroxycortisone (6P-OH-E): 6p, 17a, 21-trihydroxy-4-pregnen-3, 11,20- 
trione; 6/3-hydroxy-20wdihydrocortisol (6/3-OH-20wDHF): 6/3, 1 l& 17a, 2Op, 21-pentahydroxy-4- 
pregnen-3-one; 6/3-hydroxy-20cl-dihydrocottisol (6P-OH-20/3-DHF): 6p, 1 lb, 17s 2Op, 2 l-penta- 
hydroxy-4-pregnen-3-one; 6P-hydroxy-20a-dihydrocortisone (6P-OH-20eDHE): 6@, 17% 20a, 
2 I-tetrahydroxy-4-pregnen-3,1 I-dione; 6@-hydroxy-20P-dihydrocortisone (6/3-OH-20P-DHE): 
6p, 17a, 2Op, 21-tetrahydroxy-4-pregnen-3,1 I-dione; tetrahydrocortisol (THF): 3a, 1 l/3, 17a, 21- 
tetrahydroxy-5/3-pregnene-20-one; 5a-tetrahydrocortisol (So-THF): 3% 1 lp, 17o, 2l_tetrahydroxy- 
5~pregnane-20-one; tetrahydrocortisone (THE): 3a, 17cr, 21-trihydroxy-SP-pregnane-11,20-dione- 
cortol-2Oor: SP-pregnane-3or, 1 l/j, 17a, 20a, 21-pentol; cortol-2Op: SP-pregnane-3cw, 1 l/3, 17% 20& 
21-pentol; 5a-cortol-20~~ or 2Op: 5crpregnane-3a, 1 I@, 17% 2Oa! or 2Op, 21-pentol; cortolone-20a: 
3a, 17a, 20% 21-tetrahydroxy-S/3-pregnan-1 l-one; cortolone-20/3: 3d, 17a, 2Op, 2 l-tetrahydroxy- 
SP-pregnan-1 l-one; 5cr-cortolone: 3a, 17a, 2001, 2 I-tetrahydroxy-5a-pregnan-1 l-one; 1 l&hydoxy- 
aetiocholanolone (1 I-OH-Etio): 3 (Y, 1 lp-dihydroxy-5pandrostan 17-one; 11 @hydroxy-androster- 
one (11 -OH-Andro): 3 (Y, 1 lp-dihydroxy-5a_androstan- 17-one; 11 p-hydroxy-androstenedione (ll- 
OH-AD): 1 lp-hydroxy-4-androstene-3,17-dione: 1 I-oxo-aetiocholanolone (1 I-oxo-Etio): 3~ 
hydroxy-5@androstane- 11,17-dione; 1 I-oxo-androsterone (1 1-oxo-Andro): 3~hydroxy-5~andro- 
Stan-1 1, 17-dione; adrenosterone (Adreno): 4-androstene-3, 11, Ill-trione; 6p, 1 lp-dihydroxy-andro- 
stenedione (6, 1 I-diOH-AD): 6p, lip-dihydroxy-4-androstene-3,17-dione; SP-hydsoxy-adrenosterone 
(6/3-OH-Adreno): 6/3-hydroxy-4-androstene-3, 11; 17-trione; aetiocholanetrione: S@ndrostan-3, 
11, 17-trione; androstanetrione: 5 c+androstane-3,11, 17-trione; -AC: (steroid)-yl-monoacetate; 
-diAc: (steroid)-diyl-diacetate; -triAc: (steroid)-triyl-triacetate; -sulfate: (steroid)-yl-sulfate; -glucur- 
onide: (steroid)-yl-/3-D-glucopyranosiduronide. 
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demonstrated that cortisol was converted to 20@-dihydrocortisol, ZO/+dihydro- 
cortisone and 5-dihydrocortisol. Gold [2,3] characterized 20P-dihydrocortisol 
and 20@dihydrocortisone in the urine of hepatectomized dogs to which radio- 
active cortisol had been administered. A large number of studies have been 
carried out on cortisol metabolism in vitro [4]. However, the efforts to completely 
characterize all metabolites produced by a wide variety of tissues are few and 
limited to the human [5,6] and the rat [71. 

In a previous report@], we revealed that a number of dog tissues have the 
capacity to sulfate cortisol in vitro. The present report is a sequel to that and will 
be devoted to characterization of unconjugated as well as glucuronic acid con- 
jugated metabolites of cortisol formed in vitro. 

MATERIALS AND METHODS 

Materials. [4l4C]-cortisol @.A. 51.8 mCi/mmol) was obtained from New 
England Nuclear Co., Boston, Mass. Its purity was checked by paper chroma- 
tography in the system of Bush B-5. Most of the unlabelled reference steroids 
were purchased from Sigma Chemical Co., St. Louis, MO. 6P-Hydroxycortisone 
was obtained from Mann Research Laboratories, New York, N.Y. and 6/3- 
hydroxycortisol was a generous gift of Dr. Seymour Bernstein, Lederle Labora- 
tories, Pearl River, N.Y. Reduction at the C-20 ketone of 6@hydroxycortisol 
and 6@-hydroxycortisonewas done with sodium borohydride as described by 
Bradlow ef a1.[9]. The products were purified by paper chromatography in the 
benzene: ethyl acetate: methanol: water system (6 : 4 : 5 : 5, by vol) and separated 
into the 20a and 2Op isomers in the same system, overrun twice on boric acid 
impregnated paper [ 101. All solvents were of analytical grade and redistilled before 
use. 

Zncubation and extraction. The method has been described elsewhere[8]. 
Five male adult mongrel dogs, 14- 17 kg each, were used. The animals were 
sacrified by exsanguination with the aid of a plastic catheter, which had been 
placed in the carotid artery 3 h prior to the experiment. The tissues were removed 
immediately, minced, weighed and 1500 mg portions were suspended in 20 ml 
of Krebs-Ringer bicarbonate buffer pH 7.4 without CaCI, containing l-O&i of 
[4-14C]-cortiso1. No cofactors were added except 150 pmol of ATP. Incubation 
was carried out for 3 h at 36°C under 95% 0,: 5% CO,. At the end of incubation, 
the tissue was homogenized in the medium and extracted twice with two volumes 
of acetone-ethanol (1 : 1, v/v) followed by one extraction with one volume of 
n-butanol. The extracts were combined and evaporated to dryness. The residue 
was redissolved in 30 ml of distilled water and the unconjugated (free) metabolites 
were extracted twice with 3 volumes of ethyl acetate. 

Separation of free metabolites. After the evaporation of the ethyl acetate ex- 
tract, the residue was subjected to several consecutive paper chromatographic 
steps to separate it into individual steroids (Table 1 and Fig. 1). The procedures 
were essentially the same as described previously [l 11 but a new system (S-I) 
was introduced for the analysis of metabolites more polar than 6/3-hydroxycor- 
tisol. Chromatographic mobilities of each of the separated radioactive compounds 
were compared with those of the authentic reference steroids. 

Separation of conjugated metabolites. The conjugated metabolites remaining 
in the aqueous phase were extracted on an Amberlite XAD-2 column[ 121 and 
separated into glucuronide and sulfate conjugates by means of high voltage elec- 
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Fig. 1. Paper chromatographic separation of free cortisol metabolites. For designation 
of chromatographic systems, see Table 1; numbers in parentheses indicate the length of 
the run, e.g. (x3) = 3 times single length run. For steroid abbreviation and nomenclature 

see footnote in the text. *Indicates no authentic standards available. 

trophoresis as described by Komel[l3]. The liver was the only tissue which 
yielded a glucuronide peak after the first pH 2.4 electrophoresis. All glucuronide 
peaks were pooled and purified by an additional electrophoresis at pH 6.4. This 
was eluted, evaporated and the residue was dissolved in water buffered with ace- 
tate buffer (pH 4.5) and hydrolyzed with P-glucuronidase (Tokyo-zoki Co., Tokyo, 
2 ml, 13000 U/ml) for 36 h. The liberated steroids were extracted with ethyl ace- 
tate and separated by the same paper chromatographic systems as used for the 
free metabolites. The analysis of sulfate conjugate has been reported previously 

WI. 
IdentiJication of individual steroids. For free metabolities, the chromatograph- 
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Table I. Paper chr[~matographic systems 

System 
designation Solvents (proportions by volume) 

Y ethyl ac~&ate/chloroform/nletbanol/water (25 : 7.5 : 50 : 50) 
S-l benzene/ethyl acetate/methanol/water (SO: 40: 50: 50) 
(5% boric) (same as S-l) before application, paper was dipped in 5% 

BP 
B-5 
(5% boric) 

SL,,, 

boric acid and dried in hood. 
benzene/chloroform/methanol/water (SO: 50: SO: 50) 
benzene~methanol/w~ter ( 1.000: 525 :475) 
(same as B-S) before application, paper was dipped in 5% 

boric acid and dried in hood. 
toluene~tert-butaof/methanol/O.O2 M boric buffer (pH 9.0) 

(170:40:30:i00) 

B-l 
B-3 

(paper preimpregnated in the boric buffer and dried) 
petroleum etheritoluene/methanol/water (25 : 25 : 35 : 15) 
petroleum ether/benzene/methanol/water (33 : 17 : 40 : 10) 

ically identical compounds obtained from all incubates were pooled together and 
rechromatographed in the appropriate system. The eluted steroid was identified 
by the method of Berliner and Salhanick [ 141, which may be more time-consuming 
than recrystallization, but very useful when dealing with small amounts of radio- 
activity or with limited availability of carrier steroids[ 151. Details of the proce- 
dures were described in a previous paper[ 111. An appropriate non-radioactive 
carrier was mixed with the radioactive steroid, and the mixture was rechromato- 
graphed on paper. The specific activity (d.p.m./gmol) was determined by radio- 
activity counting and chemical quantitation of an aliquot of the eluate. The re- 
maining part was subjected to derivative formation either by acetyIation or by 
oxidation, or both. Sodium bismuthate was used for oxidation of the dihydroxy- 
acetone side chain, periodate for the glycerol side chain of CZ1 metabolites and 
chromic acid for 1 l@hydroxyl group of C1, steroids. After chromatography, the 
specific activity of the derivative was determined and compared with that of the 
parent compound. They should agree within i 5% of the mean value (Table 2). 

Radioactivity measurement and quantitative estimation. A Beckman liquid 
scintillation counting system (LB-222B) was used. The samples were counted 
either in toluene containing 4 -0 g PPO and 50 mg POPOP per 1000 mi or in the 
same solution supplemented with 10% by volume of Biosolve (BBS-II, Beckman 
Instrument INC. Fullerton, Ca.). The total number of counts was determined at 
each successive step in the procedure and corrected for counting efhciency by 
automatic external standardization. At each step, the recovery of steroid was cor- 
rected to 100 per cent in terms of loss of total counts and the radioactivity in 
individually isolated metabolites was expressed as the percentage of the initial 
free or glucuronide conjugated radioactivity. 

RESULTS 

Table 3 shows the dist~bution of radioactivity in the free and conjugated 
fractions of tissue extracts. Most of the radioactivity remained in the free frac- 
tion. Glucuronide conjugates were formed to a measurable extent only in the 
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Table 3. Radi~~activity of free and conjugated steroid fractions 

in various dog tissue incubates”’ 

Tissue 

No. of 
Animals Free’“’ 

Conjugates’:” 

Glucuronide Sulfate”’ 

Adrenal 

Kidney 

Diaphragm 

Lung 

Spleen 

Intestine 

Brain 

Liver 

98.3Lt4.1 - 1.7k0.2 

94.225.9 - 5.81 I.2 

99.3It3.8 - 0.7+-0.1 

994rt4.7 0.610.1 
100.0 - 

100.0 - - 

loo.0 

96.8134 1.5t0.4 1.7t0.7 

“‘Results are expressed as per cent of radioactivity initially 

added and corrected for methodological losses. Mean k S. D. 

“‘Radioactivity recovered by ethyl acetate extraction. 

‘S’Radioactivity after separation of conjugates by means of high 

voltage electrophoresis. 

“‘Results were reported previously (see Ref. [5]). 

liver, while, as reported previously[Q, the sulflation of cortisol occurred in a 
number of tissues such as the adrenal, kidney, diaphragm, lung as well as in the 
liver. 

Analysis of the free metabolites is shown in Table 4. In most of the extra- 
hepatic tissues, oxidation of cortisol to cortisone was the most predominant reac- 
tion, followed by the oxidative removal of the side chain to C,, steroids. The 
kidney was most active in carrying out the reactions. Reduction of the C-20 
ketone group also occurred in all tissues except the brain. The adrenal had the 
highest capacity and both 20~ and 2Op- dihydrocortisol were isolated. In the 
other tissues, however, only the 20/3-isomer was detected. 20-Dihydrocortisone 
was a minor product and was found to be exclusively the 20P-form. Conversion 
to 6p-hydrocortisol and 6@-hydroxycortisone occurred only in the adrenal. The 
liver carried out all these reactions. Moreover, it had a characteristic capacity 
to reduce the 4-ene structure and the C-3 ketone of ring A. Both .5a- and S/3- iso- 
mers were found in cortol, cortolone, tetrahydrocortisol and C,, metabolites and 
the ratio of 5p/5cu compounds was 2.3. The 3-epimers could not be resolved by 
the chromatographic systems used. As in the other tissues, reduction of the C-20 
ketone yielded mainly 20~-dihydro-compounds. 6~-Hydroxylation also took 
place but tip-hydroxycortisol and 6&hydroxycortisone were seen only in minute 
amounts. An interesting finding was the presence of relatively large quantities of 
metabolites more polar than 6p-hydroxycortisol. Chromatography (Y ,S-I and 
S-I on boric acid treated paper) gave three radioactive peaks and comparison of 
their mobilities with those of the authentic compounds suggested that the major 
product was 6/3, 17 a, 20& 2 1-tetrahydroxy-4-pregnen-3, 1 I-dione and the minor 
one was 6/3, I l/3, 17rw, 2Op, 2 1-pentahydroxy-4-pregnen-3-one. Their identity 
was confirmed by reverse isotope dilution followed by derivative formation. The 
specific activities of the parent compounds and their acetylation and periodate- 
oxidation products were in close agreement. An additional evidence of identity 
was given by the fact that bismutate oxidation of the compounds together with 
either 6p-hydroxycortisone or t$3-hydroxycortisol yielded one radiochemical 



Metabolism and conjugation of cortisol 573 

Table 4. Free metabolites of [4-WI-cortisol produced by various dog tissues”’ 

Adrenal Kidney Diaphragm LlUIg Spleen Intestine Brain Liver 

No. of 
animals 

SteroidP 5 5 5 5 3 3 3 5 

X’3’ 

6POH-20/3-DHF 
6/3-OH-20PDHE 
6@OH-F 
6P-OH-E 

cortol-200 
cortol-2op 
5cecortol-2op 
cortolone-20a 
cortolone-200 
Su-cortolone’“’ 

20aDHF 
20,9-DHF 

THF 
5~THF 
THE 

20aDHE 
ZOPDHE 

F 
E 

I I-OH-Etio 
1 I-OH-Andre 
1 I-OH-AD 
I I-oxo-Etio 
I I-oxo-Andre 
Adreno 

0.2 

l.XZO.7 
0.3kO.l 

1.920.8 
11.5k2.5 

- 

1.920.9 

66.9 k7.6 
9.3kl.l 

- 

5.2kl.8 

1~0~0~3 

- 
3.7-cl.3 

- 
- 
- 

1.81-0.2 

59.1 f8.2 
23.5k3.8 

- 

9.6e3.0 

2.3 ~0.9 

2.4f0.5 

0.5 kO.1 

78.8k6.5 
12.3k5.4 

- 

4.7 k I.9 

1.320.7 

4.9 f I .o 

1.0?0~3 

72.Sk7.7 
16.3% 1.6 

- 

4.5 k2.6 

OatkO.3 

2.7kl.4 

0.410.2 

76.7 k 5.2 
14.3 k4.2 

4.7kl.8 

1.2-co.4 

- 
- - 

- 

2.1 kO.4 

0.5 kO.2 

87.5 26.9 82.828.1 
6.1 k2.8 17.2k5.1 

2.9-cl.I 

- 

l.OkO.4 

1.2AO.4 
0.8kO.3 
3.8kO.8 
0~2~0~1 
0.2kO.l 

1.6kO.7 
2.8kO.9 
1.9f0.9 
1.9kl.O 
2.8-c I.1 
I .8 + I .O 

2.2 kO.9 
4.8? 1.2 

3.5 kO.9 
2.31 I.2 
3.2kO.7 

0.620.2 
1.8kO.4 

25.3 ~5.1 
24.2k3.9 

1.9kO.6 
I.1 -to.2 
5.8k I.3 
1.220.4 
1.0*0.4 
2.1 kO.6 

“‘Results are expressed as per cent of total free radioactivity extracted by ethyl acetate and cor- 
rected for procedural losses. Mean* SD. 

‘2’For steroid abbreviations and nomenclature see footnote in the text. 
(3)X unidentified metabolites(s). 
%eparation of 20~ and 2Op epimers was not carried out. 

spot of product on the subsequent paper chromatography. No 6p-hydroxy-20a- 
dihydro isomers were found in significant amounts. The third, very polar com- 
pound(s) (X) remained unidentified. 

Analysis of the glucuronide conjugated metabolites produced by the liver is 
given in Table 5. All isolated steroids had the ring A-reduced structure. Because 
of the small amount of glucuronide conjugate available, separation of cortol and 
cortolone into the four isomers, and isolation of individual C,, metabolites were 
not carried out. 

DISCUSSION 

The results indicate that the dog adrenal cortex is capable of transforming its 
own secretory product, cortisol. The reduction of the C-20 ketone and oxidation 
of the C-l 1 hydroxyl group were substantial. Though both 20~ and 20&dihydro 
isomers were formed, the latter was predominant. The 20-reduced compounds 
have been isolated from several sources, including the beef, hog [ 1 S] and human 
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Table 5. Glucuronide metabolites of[4-‘K-cortisol produced by dog liver in vim 
_- 

Chromatographic 
Steroid Chromatographic systems used 

liberated systems used for for comparing 
by @-glu- per cent comparing with with authentic 

curonidase radio- authentic Chemical Derivative standard 
hydrolysis”’ activity’2’ standard’“’ reaction formed derivative’“’ 

cortols’*’ 27,81t66 B,> (x6) NaBiO, oxidation 1 I-OH-Etio B-l (xl) 
cortolones’~’ 23.2k4.5 B, (x3) NaBiO, oxidation 1 1 -0x0-Etio B-i (xl) 
THF 26.1 rt7.8 B-S (x4) NaBiO, oxidation 1 I-OH-Etio B-l (xl) 
So-THF 10.4”_4.7 B-5 (x4) NaBiO, oxidation 11 -OH-Andro B-I (xl) 
THE 8.522.1 B-5 (x3) NaBiO, oxidation 1 I-oxo-Etio B-l (xl) 
Cs steroids’6’ 4.01tr2.1 - 

“‘For steroid abbreviations and nomenclature see footnote in the test. 
‘2’Per cent of total glucuronide conjugate radioactivity eluted from high voltage electrophoretogram 

and corrected for procedural losses. Mean i S.D. (5 animals) 
‘“‘For designation of chromatographic systems see Table 1; numbers in parentheses indicate the 

length of the run. e.g. (x3) = 3 times single length run. 
“‘Separation of epimers was not carried out. 
‘Veparation of epimers was not carried out. 
‘“‘No further characterization was carried out. 

[ 19,201 adrenals and the adrenal venous plasma of the human[l9] as well as of 
the dog[l7]. The in vitro conversion of cortisol of the 20-reduced metabolites 
has been demonstrated in the human adrenal[6]. The adrenal synthesis of 1 I/3- 
hydroxyandrostenedione and the significance of cortisol as its precursor are now 
well estabhshed[21 J. 6jSHydroxylation of cortisol was the minor but definite 
metabolic pathway. The adrenal secretion of 6~-hydroxycortisol in the dog was 
suggested[17] and the synthesis from cortisol has been demonstrated in the 
human and guinea pig adrenals]& 161. In contrast to the adrenals of both species 
[6, 161, no 2cw-hydroxylation product was detected in the dog. 

The kidney has been regarded as the most active extrahepatic tissue in corti- 
sol metabolism[S, 7,22,23], but the preferred route of transformation may 
differ with the species. The present study showed that the dog kidney had high 
capacity to oxidize the 1 l/3-hydroxyl group and to cleave the side chain to the 
C- 19 compounds. The C-20 reduction also occurred to an appreciable extent, but 
exclusively to the 20/Sisomers. The same reactions took place in the muscle, 
spleen, Lung and intestine, but to a lesser extent. Cortisone was the only product 
detected in the dog brain. This confirms the earlier observations with the same 
species[24,25], whereas the other minor reactions could occur in the rat brain 
[7,25,26]. 

The ability to reduce ring A was limited to the liver. The ring A reduced 
products constituted 27.2% of total free metabolites and the S/3-configuration was 
predominant. The dog, in this respect, is similar to man[27], while the rat liver 
contains mainly 5ol-steroid hydrogenase and a definite sex difference in the 
enzyme activity has been known to exist[28,29]. The oxidation of the 1 I@- 
hydroxyl group, reduction of the C-20 ketone and oxidative cleavage of the side 
chain were observed in ring .4 intact and ring A reduced forms. Hepatic conver- 
sion to 6p-hydroxycortisol and Ci@hydroxycortisone was demonstrated but the 
amounts were less than in the adrenals. This is in contrast to the finding in man[6]. 
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Quite unexpected was the finding of a relatively high yield of 6@hydroxy-20p- 
dihydro metabolites. To our knowledge, this type of compound has been detected 
only in the human pregnancy urine [30], liquor amnii [3 11 and the urine of patients 
with Cushing’s syndrome [32,33], but in vitro formation has never been reported. 
The pathway from cortisol to the metabolites has not been established at present, 
but the studies in viuo in Cushing’s syndrome suggested that at least a part of the 
compounds originate from plasma-borne 20@dihydrocortisol[3 2,3 31. Direct 
conversion from 20p-dihydrocortisol and 6P-hydrocortisol has to be compared. 

Only 1.5% of total radioactivity incubated with the liver was recovered as 
glucuronide conjugates, and no other tissues formed this conjugate. This is in 
distinct contrast to sulfoconjugation which occurred in a variety of tissues to a 
greater extent@]. The poor hepatic glucuronylation is probably due to the fact 
that the conjugation takes place primarily at the C-3 hydroxyl group of ring A 
reduced metabolites [34], while sulflation occurs at the C-2 1 position of intact 
cortisol[5], and in vitro the reaction is largely dependent on the amount of uridine 
diphosphoglucuronic acid[35] which was not added in the present system. Gold 
[2,3] demonstrated that the ring A reduced metabolites such as cortols (3a,Sp 
and 3@,5ol), cortolone (301,5p) and tetrahydrocortisols (301,5p and 3&501) were 
excreted in the form of glucuronide conjugates in the intact dog, while no glucur- 
onides were found in the urine of hepatectomized dog, indicating that hepatic 
conjugation with glucuronic acid is an important process of cortisol metabolism 
occuring in viva in the dog. 

It is obvious that all incubation studies have common disadvantages. They 
could test the ability of a tissue to convert one steroid to another, but they do 
not allow for removal of conversion products which could cause the metabolic 
pattern to be altered[4]. Furthermore, the degree of tissue integration and the 
availability of cofactors are known to have a great influence upon the process [7]. 
Thus, the conditions prevailing are far from physiological. Nevertheless, the 
results obtained by us showed that certain biotransformations and sulfoconjuga- 
tion of cortisol can be carried out by various tissues, which might be important 
for the tissue to regulate the “effective hormone level” in situ. On the other hand, 
the ring A reduction and subsequent conjugation with glucuronic acid by the liver, 
by its great capacity, serve primarily for the regulation of “cortisol pool” in the 
whole body. 
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