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ABSTRACT

Adrenal "mitochondrial" pregaratlons of damestic duck (Anas %,-;
s) were incubated with 14C labelled androstenedione (A%A)
testosterone (T) and 11-deoxycorticosterone (DOC) as model substra-
tes in the  presence of NADPH generating system. A4A was converted
to 19-0H-A4A (21%), 118-OH-A%A (38%) and testosterone (32%). 118-
oB-ada (3%), 118-OB-T (60%) and 18-OH-T (2%) were the characteriza-
ble metabolites of T. Among the many unidentified metabolites,
using T as a precursor, a campound presumed to be 19-OH-T was also
isolated. The C,; labelled substrate (DOC) gave rise to 19-OH-DOC
(<1%) in addltlon to many other conversion products. All the above
mentioned metabolites were identified by isotopic dilution techni-
ques ard radiochemical purity was obtained. It appears that duck
adrenal "mitochordria" possesses: 1) 17B-hydroxysteroid dehydrogena-
se ard 17B8-reductase, though adrenal tissue lacks 17«-liydroxylase
activity; 2) 19-hydroxylase activity, the physiological significance
of which in the adrenal gland is unknown.

INTRODUCTTON

In previous years considerable insight has been gained on the
intimate nature of enzymatic reactions involved in the mammalian
adrenal gland (1,2). Thus the localization of some of the enzyma-
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tic reactions at the subcellular level and their cofactor(s) require~
ments have been fairly elucidated (3). The avian adrenal gland has
been shown to possess cholesterol desmolase, A5—3B—hydroxysteroid de~
hydrogenase and 118, 18 and 21l-hydroxylase activities but it lacks
170-hydroxylase activity (4,5). Most of these enzymes are mitochon-
drial bound (6,7). Since there is a lack of 1l7a-hydroxylase in the
avian adrenal, reactions of steroids of the C19 series have not been
investigated. However, the rat adrenal gland which also lacks 1l7a-
hydroxylase activity can metabolize exogenous Cig steroids (8). Thus
the present investigation was undertaken in an attempt to explore
whether the avian adrenal gland could accept exogenous Cl9 steroids
as substrates. The possible biotransformation of ardrostenedione-4-
14C and testoste.rone-—4-l4c by duck adrenal mitochondria was investi-
gated. In addition, the possible 19-hydroxylation of 1l-deoxycortico-
sterone—4—l4C was also studied.

MATERTALS AND METHODS

Tissue preparation. Male ducks of the Pekin white variety, weighing
between 1.5 - 2 Kg, were used. The animals were killed by exsangui-
nation and adrenals were removed through an abdaminal incision. Adre-
nals were carefully dissected free of renal parenchyma. Adrenal "mi-
tochordria" (6000 x g) were prepared by the 0.25 M sucrose method (9)
in an L2 -65B preparative ultracentrifuge (Spinco Division, Eeckman
Instrument, Palo Alto, Calif. Rotors used: No. 30 and No. 50-Ti).
Substrates. Androstenedione-4-l4c (sa: 40 uCi/umole) , ll-deoxycor-
ticosterone-4-1%c (SA: 25 uCi/umole) and testosterone-4-l4c (sa:

40 uCi/umole) were obtained fram New England Nuclear Corporation,
Boston, Mass. Their chromatographic homogeneity was verified before
use. Two yCi of the above mentioned steroids were employed as sub-
strates. These precursors were further diluted with 20 pg of the
corresponding radio-inert substances. After evaporating the original
solvent mixtures in which they were contained, the substances were
dissolved in 0.2 ml of propylene glycol.

Medium. In all experiments, Krebs-Ringer bicarbonate solution (pH
7.4), supplemented with 11 mM glucose was used. The incubation medium
was further supplemented with NADPH generating system, consisting of
NADP (2 mg), glucose-6-phosphate (2 mg) and glucose-6-phosphate de-
hydrogenase. (The additives were cbtained from Boehringer Mannheim
Corp., New York, N.Y.)

Incubations. Each incubation flask contained "mitochordria" obtain-
ed fram 100 mg of the adrenal tissue (about 2 mg of protein). Final
incubation volume was 5 ml. Incubations were carried out in a meta-
bolic shaking incubator for 30 minutes at 41°C in an O, (95%) + CO
(5%) atmosphere. Most of these incubations were done In duplicate.
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Extraction and isolation of steroids. All incubation media were ex-
tracted with chloroform and ethyl acetate as reported alsewhere (10).
The extracts were evaporated to dryness urder reduced pressure.

Extracts were fractionated by serial paper chramatography as
shown in Figure 1. The following chromatographic systems, Loth paper
(PPC) and thin-layer (TIC), were used for the isolation and identifi-
cation of biosynthetic products ard their derivatives: toluene/ethy-
lene glycol (T.E.G.), ligrion/propylene glycol (L.P.G.), toluene/pro-
pylene glycol (T.P.G.), EoB, E4, Bush C arnd Bush A (11); TIC of Ran-
derath (12); TLC-1l, chloroform:acetone (95:5); TLC~2, cyclohexane:
ethyl acetate (50:50) and TIC-3, benzene:ethyl acetate (1:10).
Detection and assay of radiocactive substances. Radioactive zones were
detected on paper chramatograms and thin-layer plates with radio-auto-
graphy and/or a radio-chromatogram scanner (Model 7200, Packard Instru~
ment Campany, Downers Grove, Ill.). Quantitative measurement of radio-
activity was done with a 3-channel liquid scintillation spectrameter,
equipped with autcmatic external standardization for control of
quenching (Tri-Carb, Model 3375 Packard Instrument Company). Counting
error was kept at + 1% (104 net cpm accumilated) and isotope contents
were expressed as disintegrations per minute (dpm).

Results have been expressed as percentage conversion of radio-
activity (L4c dpom) added as a substrate. The data have not been cor-
rected for experimental losses.

Characterization of metabolites. Individual metabolites isolated by
the chromatography scheme shown in Figure 1 were further run in

2-3 suitable PPC and/or TIC systems in which their isopolarity with
the corresponding radio-inert carrier was established. Subsequently
these metabolites were mixed with authentic tritiated marker steroids
(always recently purified whenever possible).

Acetylation and hydrolysis of the acetate were done as previous-—
ly described (11). Oxidations at carbon 11 ard 17 were carried out
with chromium trioxide (CrO3) and sodium bismuthate (NaBlo ) respecti-
vely, as described by Bush (13) Same of the metabolites were mixed
with 25 mg of authentic radio-inert carriers (previously recrystal-
lized 3 times fram pentane-ethanol) and successive crystallizations
were performed using appropriate solvent mixtures.

A conversion product was considered characterized when one or
norf of the following criteria could be established: constancy of

C ratios after 1) formation of derivative(s), 2) constant specific
activity after successive crystallization of the metabolite or its
derivative.

RESULTS

1. Incubation of androstenedione-4--°C with duck adrenal"mitochondria’
From this incubation the following 14C—labelled metabolites were

isolated: llB—OH-—A4A, 19—OH—A4A and testosterone.

llB—OH-A4A. A radicactive substance having chromatographic mobility

parallel to llB—OH—A4A appeared in E,B system (Fig. 1). After elution
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of the 14C-metabolite, 100 pg of authentic radio-inert llB—OH—A4A ard
tritiated llB-OH—A4A, were added and the mixture chramatographed in
TIC~1. After the first chramatogram the 3H and 14C mixture was oxi-
dized with c:o3 ard the adrenosterone thus formed was chramatographed
in TIC-1, TIC~2 ard TIC-3. Subsequently, 25 mg of adrenosterone was
added to the mixture and it was crystallized three times from petro-
leum ether ocontaining small amounts of benzene. The counting data ob-
tained after TIC and on crystallizations are shown in Tables 1 ard 2
respectively. The amount of radicactivity in llB—OH—A4A showed a 38%
conversion of the substrate.

19-OH—A4A. 14C material, having similar mobility to 19-0H—A4A
in E B system (Fig. 1: fractlon C) was eluted. It was cambined with
100 ug of authentic 19-OH—A A and run in T.E.G. system for 4 hours.
The radioactive material and the carrier remained homogeneous. Fi-
nally the radiocactive material was mixed with 25 mg of 19—0H—A4A and
crystallized four times from petroleum ether containing a trace of
benzene. Table 2, shows the counting data of crystalline samples.
The amount of radiocactivity in 19-CH- 4A, in terms of percentage
conversion was <1%.

Testosterone. The radicactive material, appearing in the overflow
(Fig. 1: fraction D) had similar polarity as authentic testosterone
in L.P.G, system for 24 hrs. When carnbined with 100 ug of authentic
testosterone and rechromatographed in TIC-1, the radiocactivity re-
mained associated with the carrier. At this stage testoste.rone—3H
was added to the 14C metabolite and the mixture chramatographed suc-
cessively on TIC-1, TIC-2 and TIC~3. The mixture was acetylated and
again subjected to TIC on the above mentioned systems. Finally the
3H and 14C labelled acetate mixture was diluted with 25 mg of testo-
sterone acetate and crystallized three times with petroleum ether ard
benzene. The 3H/14C data of free and acetylated campound and of crys-
tallized samples are shown in Tables 1 and 2. The transformation of
the substrate to testosterone was 32%.

2. Incubation of testosterone-4-1%C with duck adrenal 'mitochondria
Testosterone—4-l 4c was incubated with duck adrenal mitochorndria

and following identifiable metabolites were obtained: 116-0H—A4A
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118-OH-T and 18-OH-T. _
llB—OH—A4A. A radiocactive zone having chramatographic mobility simi-
lar to 118-0H—A4A appeared in E,B, system (Fig. 1: fraction C). The
amount of radiocactivity in this zone was 3% of the substrate added.
Further steps for the identification of the metabolite were similar

to those used in the earlier experiment when arﬂroster1edione—4—l4c
was employed as a substrate (see Tables 1 arnd 2).

118-OH-T. A radiocactive substance present in the third overflow (Fig.
1: fraction B) was rechromatographed in the T.E.G. system for 17 hrs.
In this system it was isopolar with authentic 118-OH-T. After elution,
the radioactive material was cambined with 100 ng of authentic carrier
and chromatographed in Bush C system where the radicactivity remained
associated with the carrier. The mixture was oxidized with NaBio3

and the resultant substance was chramatographed in TIC-1. Tritiated
118-08-0%A was added to the oxidized ¢ material and constant 3m/c
ratios were established in TIC systems as shown in Table 1. The 3H/
l4’C mixture of lls—OH-A4A was further oxidized with C}:O3 to adrenoste-
rone and chromatographed in TLC-1 and TIC-2 systems. Conversion of
the substrate to 118-OH-T was 60%.

18-CH~T. This radiocactive material was isopolar with 18-CH-T in the
E,B system (Fig. 1). Subsequently it was cambined with 100 ug of ra-
dio-inert 18-OH-T ard acetylated. The mixture of the acetylated bio-
synthetic material arnd the carrier remained hamogeneous in Bush A and
TIC-1 systems., After saponification to free 18-COH-T, the carrier and
the 14c material did not separate in Bush C and TLC-1 systems. Further
identificatimby crystallization could not be carried out because of
lack of authentic material in mg amounts. The conversion of the sub-
strate to 18-CH-T was 2%.

3. Incubation of ll—deoxycorticosterone—4—14c with duck adrenal “nito-

chondria’l
The presence of 19-hydroxylase activity has been already report-
ed in various species of mammalian adrenal glard (8, 14-22) and fish
interrenals (8). As shown in this study, that duck adrenal mitochon~
dria have the enzymatic capacity to form 19—OH—A4A using a C19 ste-
roid as a precursor. In consequence, we attempted to explore whether
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a C,y steroid substrate could also be l9—hydroxyla]1?4ed by these Mhito~
chordrial"preparations. ll-Deoxycorticosterone-4-~"C was chosen as a
model precursor. The isolation and identification of 14C labelled
19-0H-DOC is described as following:
19-0H~-DOC. A radiocactive conversion product present in the third
overflow (Fig. 1l: fraction B) was rechromatographed in T.E.G. system
for 17 hrs. From previous knowledge, it had a mobility similar to
19-OH-DOC (20). The labelled material was acetylated and the chraoma-
tographic behaviour of the diacetate in T.P.G. system was found to be
similar to that reported by Neher (16) for 19-OH-DOC, 19,21-diacetate.
Tritiated 19-OH-DOC was prepared by incubation of beef adrenals
with 1l—deoxycorticosterone—l,2-3H. This campourd was acetylated and
its infrared spectrum was taken. Carbon 14 labelled diacetate from
the duck adrenal and the 3H diacetate from beef adrenals were mixed
ard purified in several chramatographic systems. The mixture of
3H/]“]‘C 19-0OH-DOC, 19,21-diacetate was hydrolyzed and chromatographed
to constant isotope ratios (Table 1). These data were taken as proof

that the biosynthetic material was indeed l9—OH-—DOC—l4C. The corver-

sion of this 14C metabolite was <1% of the substrate used.

DISCUSSION

Results described in this paper indicate that duck adrenal tis-
sue metabolized exogencus A4A ard T in a manner similar to mammalian
adrenals (8,21). Hydroxylations of Cl
118,18 and 19 positions have been reported in the literature (8). It
has also been shown that the interrenals of the Atlantic Salmon (Salmo
salar) transformm exogenous testosterone to 19-OH-T and l9-OH-A4A (8).

Hydroxylation at 11R-position of C21 steroid is known to occur
in the adrenals of all the vertebrate classes studied (22). However,
there are few in vitro studies where the steroids of Cl9
ween employed as precursors (8,19). The present investigation has
demonstrated that duck adrenal fnitochondria"will actively hydrosylate
expgenous A4A and T at 118-position (A4A——-> llB-OH—A4A: 38% conver-
sion; T——>118-OH-T: 60% conversion).

Carbon-18 hydroxylation of Cy steroids is known to occur in
the 'fnitochondrial" fraction of mammalian (23), avian (6), amphibian

g precursors by rat adrenals at

series have
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(25) and fish (26) adrenocortical tissue. On the other hand 18-hydro-
xylation of Cl9 steroids has been shown with mammalian adrenal gland
only (8,21). Previously Sandor et al (6) using steroids of C21 series
have demonstrated 18-hydroxylase activity in the duck adrenal 'mitochon-
dria® 1In the present study, testosterone was converted to 18-CH-T
(2%) . However, the degree of conversion was very low as compared to
the conversion of corticosterone to 18-CH-B (15%) by a similar tissue
preparation (24). This could be attributed to the fact that there is
a campetition between 118 and 18-hydroxylations. This speculation was
based upon the fact that there was a high degree of conversion of
testosterone to 118~OH-T (60%). Also the metabolism of testosterone
and corticosterone cannot be campared due to the fact that corticoste-
rone is already hydroxylated at C-11.

The metabolic reaction A4A <=
producing mammals (8,21). However, Lucis et al. (8) have demonstrated
that the rat adrenal, which similarly to avian adrenal does not possess
17a~hydroxylase, converted T to A4A. In the duck adrenal tissue, both
17g-nydroxysteroid dehydrogenase and 178-reductase activities were
shown to be present.

Hydroxylation at position 19 of the steroid molecule has been
shown to occur in mammalian (8,21) and fish (9) adrenocortical paren-
chyma. With regard to the C19 steroids, Meyer (15) has reported 19-
hydroxylation of androstenedione and dehydroepiandrosterone by bovine
adrenals and Griffiths (19) that of androstenedione and testosterone
by the adrenals of golden hamster. Also Lucis et al. (8) demonstra-
ted the presence of this enzyme in the adrenocortical tissue of beef,
rat, human and Atlantic salmon using labelled steroids of Ciog and C21
series. Using ll-deoxycorticosterone as substrate, several groups
of investigators have shown the in vitro conversion t0 this steroid
by bovine (16,27,28), hog (21), rat (20) and human (8) adrenals.

Also 19-OH-DOC has been isolated as a metabolite of radio-progestero-
ne using Atlantic salmon interrenal incubation (8). The isolation
of 19—OH—A4A and 19-CH-DOC, as conversion products of androstenedione
and 1l-deoxycorticosterone respectively, by duck adrenal nitochondrial
shows that 19-hydroxylation also occurs in the avian adrenals. The
physiological significance of 19-hydroxy C,; steroids is not known.

T is known to occur in cortisol
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19-0OH-DOC shows only weak mineralocorticoid activity (14).

In cornclucion, though there is no evidence of C19 steroid produc-

tion by duck adrenals, these campounds are utilized in vitro studies
as substrates by duck adrenal ‘mitochordria’.
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The following trivial names and abbreviations are used in the

text:

1. 19-Hydroxy-lldeoxycorticosterone (19-OH-DOC)~- 19, 21-di~
hydroxy-pregn-4-ene-3, 20-dione.

2. ll-Deoxycorticosterone (DOC)- 21-hydroxy-pregn-4-ene-3,20~
dione.

3. 19-Hydroxy-testosterone (19-OH-T)- 178,19-dihydroxy-androst-
4-ene-3-one.

4. 18-Hydroxy-testosterone (18-OH-T)- 178,18-dihydroxy-androst-
4-ene-3~-one.

5. 11g-Hydroxy-testosterone (118-CH-T)- 118, 178-dihydroxy-androst-
4-ene-3-one.

6. Testosterone (T)- 17g~hydroxy-ardrost-4-ene-3-one.

7. Adrenosteron-Androst-4-ene-3,11,17-trione.

8. 19-Hydroxy-androstenedione (19—0H—A4A)- 19-hydroxy-arndrost-
4-ene-3,17-dione.

9. 11g-Hydroxy—androstenedione (116—0H—A4A)— 11g-ilydroxy-ardrost-
4-ene-3,17-dione. :

10. Androstenedione (A4A)— androst-4-ene-3,17-dione.
11. 18-Hydroxycorticosterone (18-OH-B)- 118,18,21-trihydroxy-

pregn-4-ene-3,20-dione.

12. Corticosterone (B)- 118,21-dihydroxy-pregn-4-ene-3,20-dione.
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TABILE 1

IDENTIFICATION CF 14C—MEI‘AH)LITES: 3H/]'4C RATIOS OF ISOIATED STEROIDS AND THEIR

DERIVATIVES IN VARTOUS CHRCMATOGRAPHIC SYSTEMS

14 Metabolite Chramato—-

C Chemical . 3,14
ard graphic H/7°C
Substrate Derivative Treatment systems

a%a 11-c-2%a
a) Parent campound None TIC-1 3.99
b) Adrenosterone CrO3 oxidation TLC-1 3.92
TIC~2 3.91
TLC~3 3.90

Testosterone

a) Parent campound None TIC-1 8.98
TLC-2 9.69
TIC-3 9.92
b) Testosterone- Acetylation TLC-1 9.87
acetate TLC-2 9.97
TIC-3 10.05

T 11p-0H-0%2
a) Parent campound None TLC-1 3.61
b) Adrenosterone Cr03 oxidation TIC-1 4,12
TLC~2 4.28
TIC-3 4.32

11R8-CH~T 4

a) 11R~OH-A'A NaBio3 oxidation TLC-1 9.69
TIC-2 9.92
b) Adrenosterone Cro3 oxidation TIC-1 9.84
TLC-2 10.12

DoC 19~0OH-DOC
a) 19-CH-DCC, Acetylation Ey 1.68
19,21-~diacetate T.P.G. 1.36
TIC-1 1.27
b) 19-OH-DOC Saponification T.P.G. 1.40
TIC-1 1.43

Note: The coefficient of variation of the isotope ratios was always less than
+ 3,.6%.
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TABLE 2

IDENTIFICATION OF 14C—MEIRBOLITES: SPECIFIC ACTIVITIES AND 3H/]'4C

RATIOS AFTER SUCCESSIVE CRYSTALLIZATIONS

St id and Specific activity

Crystallization no. 3 dpry/mg. T2 3}1/14C
H C
Adrenosterone 4
(Derivative of 11R-OH-A “A¥)
1 8933 2316 3.85
2 9060 2366 3.82
3 8750 2296 3.81
19-0H-a4ax
1 357
2 350
3 362
4 357
Testosterone acetate
(Derivative of testosterone*)
1 1847 184 10.04
2 1914 190 10.07
3 1952 188 10.38
Adrenosterone 4
(Derivative of 11B8-OH-A A**)
1 1634 370 4.41
2 1614 366 4.40
3 1647 357 4.51

*
Fram studies with androstenedione—4—l4c

From studies with testosterone—4-l4c

Note: The coefficient of variation of the specific activities was
always less than + 2.9%.

**k
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FIGURE I

SERTAL FRACTIONATION

17:2

Crude Extract

T.E.G. 48 hrs

Fraction A

| ‘ !

OVERFLOW OVERFLOW OVERFLOW
0-6 hrs 6~-24 hrs 24-48 hrs
L.P.G. 30 hrs EZB tCLS.F. T.E.}. 17 hrs
Fralctlon D Fraction C Fraction B
OVERFLOW

L.P.G. to S.F.
Fraction D'

Serial paper-chramatographic scheme for the frac-
tionation of steroids in crude extract from duck
adrenal "mitochondria" incubations.

S.F.= Solvent Front.



