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Summary--The 18-hydroxylation of deoxycorticosterone in the Y-1 adrenal cell line was 
studied under various incubation and cell culture conditions and compared to 11/~-hydroxyl- 
ation. Repeated incubation of the substrate increased both 18- and 1 lfl-hydroxylation in the 
Y-1 cells. Furthermore, both 18- and 1 l/~-hydroxylation were increased with increased serum 
concentration and prolonged incubation time. While the increase in 1 lfl-hydroxylation seemed 
to be independent of the type of serum, 18-hydroxylation was much more important in cells 
cultured in fetal or newborn calf serum supplemented medium than in those cultured in horse 
serum supplemented medium. As expected, ACTH treatment increased ll/3-hydroxylation; 
however, it decreased 18-hydroxylation. The different regulation of these two hydroxylating 
pathways by ACTH, point to a heterogeneity of the cytochrome P-4501,a of the Y-1 cell line. 

INTRODUCTION 

Since its establishment from a functional mouse 
adrenocortical tumor[I ,2] ,  the Y-1 cell line 
has served as a versatile and reliable model for 
a large number of steroidogenic investigations. 
Most of  the adrenal functions of  this cellular 
system are well known. It possesses the 
enzymatic activities necessary to transform 
cholesterol into progesterone and expresses 
strong l lfl-hydroxylase and 20~-reductase 
activities [3]. However, the Y-1 cell line no 
longer expresses its original 21-hydroxylase 
activity [3, 4] and is therefore unable to syn- 
thesize corticosterone and aldosterone, the nor- 
mal corticosteroids secreted by the mouse [5]. 

Using deoxycorticosterone (DOC), a 21-hy- 
droxylated substrate, we have recently shown 
the expression of 18-hydroxylase activity in this 
cell line [6]. The principal compound produced 
is the 20~-reduced derivative of 18-hydroxy- 
corticosterone. Under the conditions most 
frequently used for culturing Y-1 cells, 18-hy- 
droxylase activity is generally weak. The present 
investigation reports cell culture conditions 
tested in order to increase this activity. The 
effect of  the substrate, the nature and concen- 
tration of  the serum added to the culture 
medium, and of ACTH on 18-hydroxylase 
as well as on l lfl-hydroxylase activities, are 
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reported. After comparison of  the modulation 
of  these two activities by different factors, it 
seems possible to suggest that they are catalyzed 
by different cytochrome P-450s in the Y-1 cell 
line. 

EXPERIMENTAL 

Steroids and reagents 

DOC was obtained from Makor chemicals 
and C36 n-alcane from Fluka. Bis(trimethyl- 
silyl)trifluoroacetamide and trimethylchloro- 
silane were purchased from Supelco and 
O-methoxyamine hydrochloride from Pierce 
Chemical Co. All solvents were pure for 
analysis quality (Merck) or RS HPLC grade 
(Carlo Erba). 

Cell cultures 

The Y-1 adrenal cell line (Flow Labs) was 
routinely grown as described previously [6]. The 
number of dishes necessary for each experiment 
was obtained by seeding a cell suspension pre- 
pared by trypsination (50 rag/100 ml) of  several 
confluent cell dishes. The medium was renewed 
every 2 days until the cells reached confluency. 
For  two successive periods of 24 h before the 
beginning of each experiment, the culture 
medium was replaced by serum supplemented 
medium corresponding to that used in the 
experiment. Experiments were performed with 
4.0ml of  Ham's F10 medium supplemented 
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with the following serum composition: (a) fetal 
calf serum (FCS) and newborn calf serum 
(NCS) (1:1, v/v) at various concentrations (1, 5 
or 10%), (b) FCS or horse serum (HS) at 
various concentrations (1, 5, 10 or 20%), and 
(c) 0.5% FCS completed to 1, 5 or 10% with 
NCS or HS. The culture flasks which were 
to receive 5 x 10 9mol.l-I of ACTH (Choay) 
during the experiment were treated with the 
same dose during the 2 days of adaptation to the 
corresponding serum supplemented medium. 
Incubations were carried out for 24, 48, and 72 h 
periods successively, with the substrate added 
at each incubation period or for the 72 h period 
only. The steroid precursor, 50, 100, 150, or 
200#g of DOC, corresponding to between 
3.3x 10 s and 13.2x 10 5mol.1 1, was added 
in 10~1 of ethanol at the beginning of the 
incubation period. 

Steroid extraction and analysis 

The extractions were performed using Sep- 
pak C18 cartridges (Waters Associates) and the 
extracted steroids were analyzed either by high 
performance liquid chromatography (HPLC) 
or by gas chromatography (GC), as described 
previously [7]. Quantitative measurements were 
done using DOC acetate (DOCA) as internal 
standard in HPLC analysis and C36 n-alkane 
in GC analysis. The identity of the steroids 
was verified by gas chromatography-mass 
spectrometry as described previously [6]. 

Protein measurement 

The method used for protein quantification 
was that described by Lowry et al. [8] using 
bovine serum albumin (Sigma) as the reference 
protein. 

R E S U L T S  

The amount of 18-hydroxylation was deter- 
mined by quantification of the following metab- 
olites of DOC: 18-hydroxy-20ct-dihydroDOC 
(18-hydroxy-20ct-DHDOC) and 18-hydroxy- 
20~-dihydrocorticosterone (18-hydroxy-20~- 
DHB). The amount of 1 lfl-hydroxylation was 
determined by quantification of the follow- 
ing l 1-oxygenated metabolites: corticosterone 
(B), dehydrocorticosterone (A), 20~-dihydro- 
corticosterone (20~-DHB), 20~t-dihydro-ll-de- 
hydrocorticosterone (20~-DHA), and 18-hy- 
droxy-20ct-DHB. The 1 lfl,18-dihydroxylated 
metabolite is counted in both categories. 

Effect of  the repeated incubation of DOC on its 
18- and 11fl-hydroxylation 

Repeated incubation of DOC for 24, 48, 
and 72h increased 18-hydroxylation in com- 
parison to a single 72 h incubation. Table 1 
shows the results obtained with different 
doses of substrate. In fact, 18-hydroxylated 
metabolites were detected only when the sub- 
strate was repeatedly incubated with the cells. 
While no 18-hydroxylated metabolites were 
detected with single incubations of substrate, 
repeated incubation of 50/~g of DOC pro- 
duced 5.2% (2.6#g) of 18-hydroxylated 
metabolites. Repeated incubation of 100/~g 
of DOC produced 3.1% (3.1/~g) and incu- 
bation of 150/1g produced 0.7% (1.1 #g). As 
shown by this data, 18-hydroxylation was 
less important with more important concen- 
trations of substrate and seemed to be com- 
pletely inhibited by 200/~g of DOC, since no 
18-hydroxylated metabolites were detected at 
this dose. 

Table 1. Effect of repeated incubations of  DOC on its 18- and I I/~-hydroxylation by the Y-I cell line 

DOC (#g/4 ml) 

50 100 150 200 

18-Hydroxylated 
metabolites ~ 
24 h - -  ND - -  N D  - -  ND - -  ND 
48 h - -  4.6 - -  1.9 - -  ND - -  ND 
72 h ND 5.2 ND 3.1 N D  0.7 ND ND 

11 fl-Hydroxylated 
metabolites a 
24 h - -  84.7 - -  77.5 - -  55.9 - -  44.6 
48 h - -  96.1 - -  90.1 - -  74.9 - -  36.1 
72 h 97.4 96.7 92.1 97.1 73.7 95.8 53.3 25.3 

Y-1 cells cultured in 5% serum supplemented medium (FCS-NCS;  1:1, v/v) were incubated in 4.0 ml of  medium 
with different concentrations of DOC for 72 h or for 24, 48, and 72h  successively. The 18-hydroxylated 
metabolites represent the sum of  18-hydroxy-20a-DHDOC and 18-hydroxy-20a-DHB, and the I 1/~-hydroxylated 
metabolites the sum of  B, A, 20~t-DHB, 20~t-DHA and 18-hydroxy-20~t-DHB. 

~Metabolites expressed in percent of  DOC incubated. Each value is the means of duplicated flasks with two 
quantifications per flask. The range of  variation between quantifications is < _+ 8%. 

ND, Metabolites not detected. 
- - ,  Change of  medium without incubation of substrate. 
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The stimulation of l lfl-hydroxylation by 
repeated incubation of substrate was also 
observed (Table 1), but only with the dose of 
150pg of substrate. Repeated incubation of 
this dose produced 95.8% l lfl-hydroxylated 
metabolites after 72 h compared to 73.2% in 
the culture with a single incubation. However, 
repeated incubation of 200 ~ g of DOC caused a 
decrease in llfl-hydroxylation, 25.3% in 72 h, 
in comparison to 53.3% in the culture without 
repeated incubation. When 50 or 100pg of 
DOC were incubated almost all the substrate 
was exhausted after 48 h of incubation, so that 
no difference could be seen after 72 h with or 
without previously repeated incubations. 

Effect of the nature of the serum and its concen- 
tration in the culture medium on the 18- and 
l lfl-hydroxylation of DOC 

Comparison of HS and FCS. The effect of HS 
and FCS on the 18-hydroxylation of 50/~g of 
DOC is illustrated in Table 2. Although not 
detectable after 24 h of incubation in 1% serum 
supplemented medium, 18-hydroxylation was 
detected with all other serum concentrations 
and incubation periods. The amount of 18-hy- 
droxylated metabolites increased with increas- 
ing serum concentration and with increasing 
incubation time. It became important after 
48 h of incubation in 10% FCS supplemented 
medium (14.3%), and reached the highest 
value (70.4%) after 72h of incubation in 
20% FCS supplemented medium. These values 

were almost double the corresponding values 
in HS supplemented medium, showing higher 
18-hydroxylase activity qin FCS. 

The 1 lfl-hydroxylation of 50/~g of DOC 
was almost complete (Table 2) after 24 h of 
incubation in cells cultured in 5, 10, and 
20% HS supplemented medium (87.8 to 91.3%) 
and in l0 and 20% FCS supplemented medium 
(92.1 and 86.1%, respectively). However, in 5% 
FCS supplemented medium 1 lfl-hydroxylation 
was complete only after 48 h (89.1%), showing 
a slightly less active l lfl-hydroxylase in this 
serum. Although l lfl-hydroxylation was not 
complete in 1% serum supplemented medium, 
whatever the incubation time and the nature of 
the serum, it was somewhat more important 
in HS than in FCS supplemented medium. 
Table 2 shows that in most cases the amount 
of l lfl-hydroxylated metabolites in /~g/mg of 
protein decreased with increasing incubation 
time and increasing serum concentration. This 
decrease is due to the depletion of substrate 
because of its almost complete conversion 
and to the increase in cell proliferation with 
increasing serum concentration. 

Comparison of HS and NCS. HS and NCS 
were compared using 100 ~g of DOC as sub- 
strate as illustrated in Table 3. Under these 
culture conditions, 18-hydroxylated metabolites 
were detected only after 48 h of incubation in 
4.5 and 9.5% NCS supplemented medium or in 
9.5% HS supplemented medium. 18-Hydroxyl- 
ase activity increased with increasing serum 

Table 2. Effect of various concentrations of HS and FCS on the 18- and llfl-hydroxylation of DOC by the Y-I 
cell line 

HS (%) FCS (%) 

1 5 10 20 1 5 10 20 

18-Hydroxylated 
metabolites a 
24 h ND 0.7 1.8 1.3 ND 0.9 2.7 5.9 

(0.2) (0.5) (0.3) (0.3) (0.8) (1.5) 
48 h 0.7 3.7 9.4 15.3 1.7 3.9 14.3 32.4 

(0.2) (1.0) (I .9) (2.9) (0.5) (0.9) (3.4) (6.6) 
72h 2.0 6.7 21.1 35.9 2.5 4.2 33.8 70.4 

(0.6) (1.5) (3.2) (5.1) (0.7) (1.1) (6.5) (10.8) 

11 fl-Hydroxylated 
metabolites a 
24 h 80.8 91.1 91.3 87.8 67.5 80.6 92.1 86.1 

(24.1) (25.8) (23.6) (22.0) (20.3) (22.8) (25.1) (22.3) 
48 h 80.4 90.6 91.4 93.1 73.4 89.1 90.6 90.3 

(24.6) (23.4) (18.3) (17.7) (22.31 (23.1) (21.2) (18.3) 
72 h 80.0 94.4 94.6 93.7 75.1 90.9 93.4 82.3 

(25.2) (21.5) (14.3) (13.2) (22.5) (20.7) (17.9) (12.6) 

Y-1 cells cultured in medium supplemented with different concentrations of HS or FCS were incubated with 50 pg 
of DOC in 4.0 ml of medium for 24, 48 and 72 h successively. The 18-hydroxylated metabolites represent the 
sum of 18-hydroxy-20a-DHDOC and 18-hydroxy-20~-DHB, and the l lfl-hydroxylated metabolites the sum of 
B, A, 20~-DHB, 20a DHA and 18-hydroxy-20~-DHB. 

aMetabolites expressed in percent of DOC incubated and in ,ag/mg of protein (values in parentheses). Each value 
is the mean of duplicated flasks with two quantifications per flask. The range of variation between quantifications 
is < + 8 % .  

ND, Metabolites not detected. 
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Table 3. Effect of various concentrations of HS and NCS on the 18- and 1 lfl-hydroxylation 
of DOC by the Y-I cell line 

HS (%) NCS (%) 
0.5 4.5 9.5 0.5 4.5 9.5 

18-Hydroxylated 
metabolites a 
24 h ND ND ND ND ND ND 
48 h ND ND 3.2 ND 2.2 10.4 

(1.2) (1.3) (4.3) 
72 h ND ND 7.9 ND 3.3 15.9 

(3.2) (2.0) (6.6) 
11/~-Hydroxylated 

metabolites a 
24 h 62.3 84.5 83.6 69.1 91.7 92.9 

(48.0) (46.1) (31.3) (53.1) (50.0) (34.8) 
48 h 72.7 93.6 93.7 59.0 95.7 96.2 

(57.4) (53.0) (36.5) (46.6) (54.2) (37.5) 
72 h 79.0 91.2 97.1 58.2 95.5 96.9 

(65.8) (54.3) (40.1) (48.5) (56.9) (40.0) 

Y-I ceils cultured in medium supplemented with 0.5% FCS and 0.5, 4.5, and 9.5% HS 
or NCS were incubated with 100#g of DOC in 4.0ml of medium for 24, 48 and 
72 b successively. The 18-hydroxylated metabolites represent the sum of 18-hydroxy- 
20~-DHDOC and 18-hydroxy-20~-DHB, and the 1 llJ-hydroxylated metabolites the sum 
of B, A, 20~-DHB, 20~ DHA and 18-hydroxy-20~-DHB. 

IMetabolites expressed in percent of DOC incubated and in #g/rag of protein (values in 
parentheses). Each value is the mean of duplicated flasks with two quantifications per 
flask. The range of variation between quantifications is < _+ 8%. 

ND, Metabolites not detected. 

concentration and increasing incubation time. 
It was favored in NCS, where it reached 10.4 
and 15.9% after 48 and 72 h, respectively, com- 
pared to 3.2 and 7.9% in HS supplemented 
medium. 

Almost complete 1 ll3-hydroxylation of 
DOC occurred after 24 h of incubation in cells 
cultured in 4.5 and 9.5% NCS supplemented 
medium (91.7 and 92.9%, respectively) but only 
after 48 h in 4.5 and 9.5% HS supplemented 
medium (93.6 and 93.7%, respectively), showing 
a slightly more active 1 l/3-hydroxylase in NCS. 
However, in 0.5% HS supplemented medium, 
11/3-hydroxylation was slightly more important 
than in 0.5% NCS supplemented medium after 
48 and 72 h of incubation. In either case, as 
with FCS and HS (Table 2), 11/3-hydroxylation 
was not complete in 1% serum supplemented 
medium even after 72 h of incubation. Although 
the amount of substrate was increased to 
100 #g, it was depleted in the incubations with 
5 and 10% serum supplemented medium. 

Effect of ACTH on the 18- and ll/3-hydroxyl- 
ation of DOC 

Table 4, shows the results of experiments 
using 1, 5, and 10% FCS-NCS (1:1, v/v) sup- 
plemented medium with or without ACTH and 
with 100/~g of DOC as substrate. In control 
cells, when 18-hydroxylation was detected, it 
increased with increasing serum concentration 
and incubation time. However, 18-hydroxyl- 
ation was markedly decreased by ACTH treat- 

ment of the cells. In 5% serum supplemented 
medium control cells produced 3.5% 18-hy- 
droxylated metabolites after 48 h of incubation 
and 6.7% after 72 h, but there were no 18-hy- 
droxylated metabolites detected in ACTH 
treated cells even after 72h of incubation. 
18-Hydroxylation was also decreased by ACTH 
in 10% serum supplemented medium, 2.7% 
18-hydroxylated metabolites in cells treated 
with ACTH after 48 h of incubation compared 
to 8.2% in control cells, and 3.4% after 72 h 
compared to 16.1%. 

In these experiments the substrate was not 
depleted by 11/3-hydroxylation until the 72 h 
incubation. In control cells l l/3-hydroxylation 
also increased with increasing serum concen- 
tration and increasing incubation time. As 
expected, treatment of Y-I cells with ACTH 
increased l l/3-hydroxylation under all con- 
ditions studied, that is, whatever the percentage 
of serum or the incubation time. 

D I S C U S S I O N  

The regulation of 18- and l lfl-hydroxylase 
activities in the Y-1 cell line by the substrate, 
the nature and composition of the serum as well 
as by ACTH was compared. However, only 
under particular conditions could both activities 
be measured correctly. In effect, as shown by 
the results, l l/3-hydroxylation was almost 
always complete after 24 h of incubation in 
cells cultured in medium supplemented with at 
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Table 4. Effect of ACTH on the 18- and 11B.hydroxylation of DOC by the Y-I cell line in 
medium supplemented with different concentrations of serum 

Control ACTH 

FCS/NCS (%): I 5 10 1 5 10 

18-Hydroxylated 
metabolites' 
24 h ND ND ND ND ND ND 
48 h ND 3.5 8.2 ND ND 2.7 

(1.6) (2.7) (1.2) 
72 h ND 6.7 16.1 ND ND 3.4 

(3.1) (5.3) (1.5) 
1 l//-Hydroxylated 

metabolites ' 
24 h 11.9 24.6 48.5 30.6 80.9 85.5 

(10.9) (10.7) (18.4) (31.7) (37.9) (35.6) 
48 h 11.2 39.7 70.8 29.4 90.9 96.1 

(11.2) (17.8) (23.6) (33.9) (47.1) (39.8) 
72 h 14.6 76.7 90.2 26.6 96.1 93,8 

(16.1) (35.9) (29.7) (37.4) (53.7) (41.9) 

Y-1 cells cultured in medium supplemented with different concentrations of FCS and 
NCS (!:1, v/v) were incubated with 100/tg of DOC in 4.0ml of medium for 24, 48 
and 72h successively. ACTH treatment consisted of 5 x 10-gmol.I -I added at the 
beginning of each incubation period. The 18-hydroxylated metabolites represent the sum 
of 18-hydroxy-20a-DHDOC and 18-hydroxy-20a-DHB, and the l l/~-hydroxylated 
metabolites the sum of B, A, 20a-DHB, 20a-DHA and lS-hydroxy-20a-DHB. 

JMetabolites expressed in percent of DOC incubated and in #g/rag of protein (values in 
parentheses). Each value is the mean of duplicated flasks with two quantifications per 
flask. The range of variation between quantifications is < _+8%. 

ND, Metabolites not detected. 

least 5% of serum. If the amount of serum 
in the medium or the incubation time were 
lowered, 1 lfl-hydroxylation could be measured 
but 18-hydroxylation was not detectable. An 
increase in substrate to greater than 100#g 
in order to avoid depletion, was not favorable 
for hydroxylation. For these reasons all exper- 
iments were clone using several concentrations 
of serum and incubation times with 50 or 100/~g 
of substrate. 

The repeated incubation of DOC stimulates 
both 18- and ll/~-hydroxylation. The stimu- 
lation of 18-hydroxylation is quite evident since 
this activity was not detectable without repeated 
incubation of the substrate. The increase in 
l l~-hydroxylation is seen most clearly with 
150#g of substrate due to the depletion of 
substrate at lower doses. Therefore, in this cell 
line, there is stimulation of the activity of cyto- 
chrome P-450Ha by its substrate, as is generally 
the case of enzymes belonging to the family 
of P-450 proteins. The hepatic cytochrome 
P-450 system, involving many different P-450 
enzymes, is characterized by its inductibility 
by a variety of endogenous and exogenous 
substrates. A substrate-dependent post-trans- 
lational stabilization of P-450 enzymes, by lig- 
ands which appear to protect the enzyme from 
degradation or inactivation, has been shown to 
occur in vitro [9, 10] as in vivo [11]. Another 
steroidogenic enzyme, cytochrome P-450~, is 
also induced by its substrate, cholesterol [12]. 

The decrease in hydroxylation caused by 
repeated incubation of 200 #g of DOC could be 
due to the intercalation of the substrate into the 
membrane. The stability of the membrane could 
be thus modified, also altering the topology 
of the membrane and eventually cell viability. 
Serum seems to counter this effect; cells grown 
in serum-free medium lose almost completely 
their hydroxylating activities after repeated 
incubation of much lower amounts of substrate 
(results not shown). 

Both 18- and ll~-hydroxylation increase 
with increasing serum concentration and 
increasing incubation time. However, while 
1 lfl-hydroxylation is stimulated similarly by all 
three sera, with a slightly higher stimulation at 
I% by HS, 18-hydroxylation is much stronger 
in cells cultured in FCS and NCS. A combi- 
nation of factors is probably responsible for 
stimulating differently the two hydroxylating 
activities. One of them could be the influence of 
the different constitutive lipids of the sera on the 
activity of membrane enzymes. 

Yasumura et al. [2] reported that the Y-1 cell 
line kept at a high HS concentration retained its 
steroidogenic activity indefinitely. Since then, 
this cell line has been routinely grown in culture 
medium containing at least 15°,6 of HS. Indeed, 
cells kept in HS supplemented medium grow 
in a more regular fashion than those kept in 
FCS or NCS supplemented medium. But, since 
FCS assures the best cell proliferation and NCS 
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favors cell a t t achment ,  and  bo th  are  s t imula tors  
o f  cy tochrome  P-45011a activity,  a mixture  o f  
bo th  sera at  equal  p r b p o r t i o n s  seems to be 
the most  a p p r o p r i a t e  cul tur ing condi t ions  for 
s tudying this enzyme 's  activity.  

The  p ro longed  s t imula t ion  o f  1 l f l -hydroxy l -  
ase act ivi ty  in the Y-1 cell line by A C T H  was 
repor ted  by K o w a l  in 1969 [13]. Other  au thors  
have s tudied the acute  s teroidogenic  response 
o f  these cells to A C T H [ 1 4 - 1 6 ] .  Since it is 
known tha t  a single cy tochrome  P-450tl~ cata-  
lyzes both  l i f t -  and 18-hydroxyla t ion,  A C T H  
was expected to have a similar  effect on bo th  
activities in the Y-1 cell line. Our  results show 
that  a l though A C T H  increases l l f - h y d r o x y l -  
at ion,  it decreases 18-hydroxyla t ion  in this cell 
system. Two possible  hypothes is  exist: either 
one enzyme, cy toch rome  P-450~,~, exists within 
the Y-1 cells and  catalyzes  bo th  11 f -  and  18-hy- 
d roxyla t ion .  In  that  case, A C T H  would  regulate  
each hydroxy la t ion  by a different mechanism 
maybe  by creat ing a different env i ronment  
which favors  1 i f - h y d r o x y l a t i o n  [17]. The other  
hypothes is  would  be the existence o f  two 
forms of  cy tochrome  P-450Hp regula ted  differ- 
ently by A C T H .  Two forms have been puri-  
fied f rom mouse  mi tochondr i a ,  P-450Hp and 
P-450aJdo [18]; tWO forms have also been shown 
to exist in the rat ,  the bovine  and  the 
h u m a n  [19-22]. The  t ranscr ip ts  of  the genes o f  
bo th  11 f l -hydroxylase  and a ldos te rone  synthase  
have been detected in Y-1 cells[18]. In  the 
mouse ,  there is little or  no 18-hydroxyla t ion  
of  DOC,  only 18-hydroxycor t icos te rone  and  
a ldos te rone  are p roduced  [5]. Similarly,  in the 
Y-1 cell line, the ma jo r  18-hydroxyla ted  s teroid 
p roduced  is 18-hydroxy-20ct-DHB[6] .  I t  is 
poss ible  that  in this cell line, cy toch rome  
P-4501~ respond ing  s t rongly to A C T H ,  would  
cata lyze pr incipal ly  the l l f - h y d r o x y l a t i o n  o f  
D O C  and  cy tochrome  P-450~do, less responsive 
to A C T H ,  would  cata lyze the fo rma t ion  o f  
18-hydroxy-20ct-DHB and p r o b a b l y  20ct-dihy- 
d roa ldos t e rone  f rom D O C .  This  hypothes is  is 
under  fur ther  invest igat ion.  
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