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Distinct Forms of Hepatic Androgen

6f -Hydroxylase Induced in the Rat by Indole-
3-carbinol and Pregnenolone Carbonitrile
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The ability of indole-3-carbinol (IC), an anticarcinogen present in cruciferous vegetables, to induce
CYP1A1, CYP1A2, CYP2B1/2, CYP2E1 and CYP3A1/2 in female rat liver was determined by Western
analysis using monoclonal antibodies and compared to effects produced by pregnenolone carboni-
trile in animals of both sexes. The ontogeny of induction of these cytochrome P450 isozymes in
response to oral administration of IC was also investigated. An inverse correlation was observed
between the 6B-hydroxylation of androsterone (A) and the induction by IC of CYP3A1/2, the P450
isozyme responsible for the bulk of hepatic 6f-hydroxylation of 4-androstenedione (AD). The effect
of inhibitors on the formation of 6f-OHA from A or AD was also determined and shown to differ
from their action on the P450 isozymes involved in the formation of the 6f-hydroxylated derivatives
of AD or lithocholic acid. The results indicate that the enzyme induced by IC is distinct from the
CYP3A1/2 which catalyzes hydroxylations at position 6§, allylic in AD but not in the fully saturated
ring system of A. The increased hepatic conversion of A to its biologically less active 6f-OHA
metabolite after treatment of female rats with IC could possibly contribute to the anticarcinogenic
action of indole carbinols. It is also proposed that the action of multiple inducers present in
cruciferous and other vegetables might produce androgen metabolic profiles very different from
those produced by individual components isolated from them.
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INTRODUCTION diverts estrogen metabolism away from the more
chemically reactive estrogen 16a-hydroxylation
pathway [6]. We have shown recently [7] that IC, and
its main gastric conversion product diindoylmethane
(DIM), are able to alter the metabolism of androgens
as well as estrogens. It was found that IC and DIM
were able to induce the hepatic hydroxylases which
catalyze the conversion of androsterone to its 6f-
hydroxylated metabolite (30,6 -dihydroxy-5a -
androstane-17-one) without significantly affecting the
6f-hydroxylation of AD. These observations suggest
that IC and DIM can induce a P450 isozyme(s) which
is able to catalyze 6§ -hydroxylation of androgens, with

Currently, there is much interest in identifying those
dietary components that could explain the epidemio-
logical observations which correlate a diet high in
vegetables with a lower incidence of breast [1], prostate
[2], and colon cancer [3]. Cruciferous vegetables
(cabbage, broccoli, cauliflower, Brussels sprouts, etc.)
contain several components which have been observed
to inhibit tumor formation in rodents, e.g. sulforaphane
[4] and IC [5]. Sulforaphane appears to act by the
induction of phase 2 enzymes. The mechanism for
breast tumor inhibition by IC is thought to be mediated

by the induction of estrogen-2-hydroxylation which
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Abbreviations: 1C, indole-3-carbinol; A, 3a-hydroxy-5« -androstane-
17-one; AD, 4-androstene-3,17-dione; PCN, pregnenolone-16a-
carbonitrile; 4-MA, 178-N,N -diethyl-carbamoyl-4-methyl-4-aza-
Se-androst-1-ene-3-one; 6-MPA, 6-medroxyprogesterone acetate.

preference for 3o hydroxyl and 5« reduced substrates.

Hydroxylation at the C-6 position is a minor reaction
for estrogens [8], but it is an important metabolic
pathway for androgens, [9] glucocorticoids, progestins
[10] and bile acids [11] in man as well as the rat. The
6a-hydroxylation of androgens and progestins is very
tissue specific with microsomes from rat brain and
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prostate being more effective in catalyzing the reaction
than liver [12]. The preferred substrate in these tissues
is the 3f hydroxy S« reduced steroid, which differs
from the 6f-hydroxylation of the 3a hydroxy 5«
reduced androgen induced in the liver by IC.

The present work provides further evidence for the
existence of separate liver cytochromes P450 able to
form the 6f isomer of AD and A, and examines the
ontogeny of the expression of the isozymes CYP1Al,
1A2, CYP2B1/2 and CYP3A1/2 in female rat liver after
oral administration of IC. It also compares the abilities
of IC and PCN to induce CYP2B1/2, CYP2E1l and
CYP3A1/2 in adult male and female rat livers. In
addition, the responses of the induced enzyme(s) to
various inhibitors of 6f-hydroxylation of A have been
examined and shown to differ from either AD or
lithocholic acid 6f-hydroxylase.

MATERIALS AND METHODS
Chemicals and reagents

[4-"C]Androstenedione  (53.9 mCi/mmol)  pur-
chased from New England Nuclear (Boston, MA) was
shown by chromatography and autoradiography to be
free of radioactive impurities. IC, Metyrapone (2-
methyl-1,2-di-3-pyridyl-1-propanol), tamoxifen (1-[p-
dimethylaminoethoxyphenyl]-1,2-diphenyl-1-butene),
and the reduced coenzymes were obtained from
Sigma Chemical Co. (St Louis, MO), the steroid
androgens were from Steraloids (Wilton, NH) PCN
from The Upjohn Co. (Kalamazoo, MI) and lithocholic
acid from ICN Biomedicals Inc. (Cleveland, OH).
Monoclonal antibodies prepared against CYP1Al and
CYP1A2 (Mab 1-7-1), CYP2B1/2 (Mab 2-66-3),
CYP2E1 (Mab 1-98-1) and CYP3A1l (Mab 2-13-1)
were a gift from Drs H. V. Gelboin and S. S. Park
(Laboratory of Molecular Endocrinology, National
Cancer Institute, Bethesda, MD).

Treatment of amimals

Mature female (150-175g), male (325-350g) or
immature Sprague—Dawley rats of various ages
(Charles River, St Constant, Quebec) were maintained
under standard conditions of light (0600-2000 h) and
temperature (21-22°C) on a diet of Purina laboratory
chow (Ralston-Purina, St Louis, MO) and water ad
libitum. The animals were given IC (100 mg/kg) in
sesame oil by stomach tube or PCN (3 x 50 mg/kg in
oil) by daily intraperitoneal injections. Control animals
received sesame oil alone. The rats were Kkilled 20 h
after the last treatment by cervical dislocation after CO,
anesthesia.

Preparation of liver microsomal fraction and incubation

A 10% (w/v) homogenate of the liver was prepared
in 0.25 M sucrose using a Potter—Elvehjem homogen-
izer with a Teflon pestle. The homogenate was
centrifuged at 8000 g for 15 min and a microsomal

Peter H. Jellinck ez al.

fraction was obtained from the supernatant by cen-
trifuging at 105,000 g for 1 h, washing with 0.5 ml of
0.25 M sucrose, and resuspending the pellet in sucrose.
The microsomes derived from 200mg of original
tissue/ml could be stored at — 70°C for several months
without significant loss of activity. Protein was
determined by the method of Lowry et al. [13]. The
'4C-labeled steroids (4.4 uM; ca. 1.2 x 10°dpm) were
incubated with constant shaking at 37°C with the
resuspended microsomes from 50 mg liver (approx.
0.8mg protein) and NADPH (0.3mM) in 0.1 M
potassium phosphate (pH 7.4), in a total volume of
4ml. Inhibitors were added in ethanol (10-25 ul)
which was also present in the control tubes. The
solution was then extracted three times with equal
volumes of diethy! ether which was dried over anhy-
drous Na, SO, and evaporated to dryness under N, at
25°C.

Separation and identification of metabolites

The residue was dissolved in ethanol (0.1-0.2 ml)
and separated by TLC on silica gel using chloro-
form—ethyl acetate (1:2, v/v) twice, and visualized by
autoradiography [7]. Areas of the TLC plate containing
the metabolites were scraped directly into vials for
determination of '“C-radioactivity by scintillation
counting. Non-radioactive androgen metabolites were
visualized by their fluorescence after separation by
TLC on silica gel plates containing a fluorescent indi-
cator (precoated plates on aluminum backing, E.
Merck, F-254) or else by spraying with Folin-Ciocalteu
reagent diluted with water (1:2, v/v) or with H,SO, in
ethanol (1% v/v) and heating on a hot plate. Additional
evidence of identity was provided by chromatography
with standards in other TLC systems (chloro-
form—ethyl acetate—ethanol, 11:7:1 or chloro-
form—ethanol, 19:1, v/v). The main induced steroid
metabolite of AD after treatment with IC has been
shown previously by GC-MS to be 65-OHA [7].

Nature of water-soluble products

To measure irreversible binding of the '*C-labeled
metabolites of AD and estradiol to protein and liver
microsomes, 10 mg of bovine serum albumin (BSA)
was added to 2 ml of the extracted aqueous medium to
increase the yield of precipitate followed by 0.5 ml of
HCl (IM) and 2ml of 1.5M trichloroacetic acid
(TCA). The mixture was stirred by vortex and allowed
to stand for 2-3 h at 25°C. It was then spun at 1000 g
for 15 min and the precipitate washed with TCA (1 ml)
followed by ethanol (2 x 2 ml) by repeated stirring and
sedimentation at 1000 g. The residue was dissolved in
1 ml of NCS tissue solubilizer (Amersham) and 0.1 ml
of this solution was counted.

Immunoblotting

This was carried out as described previously [14].
Liver microsomes (2-20 ug protein) were kept for
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5 min at 95°C in the loading buffer [0.25 M Tris-HCI
(pH 6.8), 10% (v/v) glycerol, 5% (v/v) B-mercap-
toethanol, 2%, (w/v) sodium dodecyl sulfate (SDS) and
0.0019, (w/v) bromophenol blue] and electrophoresed
on standard 9 x 14 cm 109, polyacrylamide gels [36] at
35V for 18 h. The gel was transblotted for 4 h at 35V
in 22mM Tris base-190 mM glycine-20%, (v/v)
methanol (pH 8.2) onto Hybond-ECL nitrocellulose,
pore size: 0.45 um (Amersham).

Non-specific binding to the blots was prevented by
preincubation in 5% (w/v) skim milk powder—Tris
saline [20mM TrissHCl (pH 7.6)/137 mM NaCl]
containing 5%, (v/v) Tween-20 (TBS-T) for 1h at
22°C followed by washing (3 x) with TBS-T. The
blots were then incubated for 18 h with the diluted
primary antibody in TBS containing 2.5%, (w/v) skim
milk powder and washed again (3 x) with TBS-T
before addition of the secondary antibody (sheep
antimouse Ig) linked to horseradish peroxidase
(Amersham) in TBS containing 2.5%, (w/v) skim milk
powder. They were incubated for 1 h and washed (3 x )
with TBS-T, and the protein—antibody complex was
visualized using an enhanced chemiluminescence
detection kit (Amersham) based on the oxidation of
luminal by the peroxidase.

RESULTS
Immunoblotting

The ability of IC to induce different cytochromes
P450 in male and female rat livers was examined by
Western blot analysis using monoclonal antibodies and
compared to the effects produced by PCN (Fig. 1).
CYP3A1, a steroid-inducible testosterone 6f-hy-
droxylase which also has a male-specific isoform
(CYP3A2) was shown, by using a monoclonal antibody
(Mab 2-13-1), to be induced by PCN in both sexes but
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Fig. 1. Western blots of cytochrome P450 isozymes. Micro-
somal proteins from control and treated rats were separated
by SDS-polyacrylamide gel electrophoresis and then sub-
jected to Western blot analysis using monoclonal antibodies
as described in Materials and Methods. Hepatic microsomal
fractions are as follows: lane 1, control female (15.3 ug pro-
tein); lane 2, IC-treated female (20 mg, oral; 15.4 ug protein);
lane 3, PCN-treated female (11 mg, i.p. X 3; 19.5 ug protein);
lane 4, PCN-treated male (15 mg, i.p. X3; 20.5 ug protein);
lane 5 male control (17.7 ug protein).

not significantly by IC (immunoblot for males treated
with IC is not shown). The level of hepatic CYP2E1
(tested with Mab 1-98-1) was not affected significantly
by treatment with either PCN or IC but both these
compounds were good inducers of CYP2B1/2 in male
and female rats as demonstrated by using Mab 2-66-3.
The response of female rats of various ages to the
hepatic induction of CYP1A1 and 1A2, CYP2B1/2 and
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Fig. 2. Ontogeny of induction of CYP1A1, CYP1A2, CYP2B1/2 and CYP3A1/2 and correlation with 68 -hydrox-

ylation of A and AD. Cytochrome P450 isozymes from female rats treated with IC (100 mg/kg) at different

ages were detected by Western analysis as described in Fig. 1 and the conversion of AD to 6§-OHA by the same
microsomal preparations was also measured as described in Materials and Methods.
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Table 1. Comparative binding of ' C-labeled estradiol (E,) and AD to protein after incubation with liver
microsomes from male or female rats treated with IC or PCN

Water-soluble

Water-soluble products

products

Treatment Substrate % Supernatant (%) Ethanol wash (%) Protein-bound (9%,)
Male AD 19.8 (42.6) 78.2 (85.3) 14.0 (4.7) 2.7 (2.5)

E, 49.6 + 2.9 (76.4) 44.6 (91.4) 26.4 (6.0) 26.4 (1.2)
Male PCN AD 51.5+3.7(65.2) 87.2+2.6 (86.1) 49+05 34 2.1404(0.9)

E, 52.5 (75.4) 41.5 (84.3) 30.6 (9.8) 20.0 (3.6)
Female AD 11.0 (14.3) 78.0 (75.4) 17.7 (8.4) 3.9 (3.9

E, 21.5 (38.4) 34.0 (78.5) 41.9 8.1) 29.0 (0.7)
Female IC AD 16.4+0.7 (17.4) 73.7+19(83.2) 157412 (10.4) 4.1+1.0@3.7)

E, 44.5 (62.5) 22.2 (82.6) 55.8 (6.7) 22.2 (0.8)

Microsomes from the liver (50 mg) of rats treated as indicated were incubated with [4-'*CJAD or E, (4.4 uM)
and NADPH (0.3 mM) for 30 min before extraction with ether. BSA was then added to the water-soluble
fraction and, after precipitation with TCA, the pellet was washed twice with ethanol and the residue dissolved
in NCS tissue solubilizer for determination of ' C-radioactivity. Other conditions are as described in Materials
and Methods. Values are means of 2 experiments or means + SEM from 4 experiments; those in parentheses

are from incubations with added GSH (5 mM).

CYP3A1/2 after oral administration of IC is shown in
Fig. 2. CYP1A1 and 1A2 could be induced at all ages
between 20 and 80 days while CYP2B1/2 showed
maximum response at 30 days of age followed by a
gradual decrease. CYP1A2 was present in trace
amounts in untreated animals (not shown) while
CYP3A1/2 was shown to occur constitutively in 20-
day-old rats but to be absent at 40 or 50 days and no
longer inducible by IC in these older animals. Others
have found previously [15, 16] that the 6f-hydroxyl-
ation of androstenedione and testosterone by female rat
liver microsomes reaches a maximum around 20-30
days of age. The extent of 6§-hydroxylation of A did
not coincide with the amounts of CYP3A1/2 present
which paralleled the 6f-hydroxylation of AD and the
formation of water-soluble products not extractable by
ether.

Covalent binding

Some of the radioactive products present in the
water-soluble fraction co-precipitated with protein
but most of them could be removed by washing the
pellet with ethanol unlike when ['*C]estradiol was
used as substrate (Table 1). Therefore, the metabolites
are not bound covalently and might represent highly
polar ether-insoluble derivatives. However, the
addition of glutathione (GSH) to the incubation
mixture generally increased the yield of water-soluble
products and in the case of ['* CJestradiol also decreased
the percentage of '*C-radioactivity bound to protein.
Amines such as cadaverine, putrescine and spermine
had no effect on any of the reactions which were
completely abolished by previous boiling of the liver
microsomes.

Table 2. Effect of inhibitors on the conversion of '*C-labeled AD or A to 68-OHA by
ltver microsomes from IC-treated rats

Conversion to 68-OHA (%)

Conc.
Additions (uM) AD Inhibition (%) A Inhibition (%)
Control — 182+ 1.1 — 266+14 —
Metyrapone 1 10.9 40 17.3 35
10 3.1+0.5 83 3.0+£0.7 88
Tamoxifen 10 10.9+0.8 40 232419 13
25 10.2+3.2 44 24.040.3 10
Lithocholic acid 10 16.1 +0.9 12 28.54+2.0 0
25 148+ 1.5 19 27.3+76 0
4-MA 1 34408 81 276 +48 0
10 1.440.2 92 237439 11
6-MPA 10 6.7+ 0.5 63 24.14+3.0 9
25 45412 75 2334438 12

Microsomes from IC-treated female rats were incubated with [4-*C]AD or {4-'*CJA (4.4 uM)
and NADPH (0.3 mM) for 30 min in the presence or absence of inhibitors before extraction
with ether and separation of products by TLC (CHCl;—ethyl acetate 1:2, v/v, x 2). Other
conditions as described in Materials and Methods. Values are means + SEM from 3
experiments.
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Comparative effect of inhibitors

The effect of various inhibitors on the formation of
6f-OHA from A or AD is shown in Table 2.
Metyrapone was found to be a good inhibitor as shown
previously [17] for the 6§ -hydroxylation of AD but not
lithocholic acid while tamoxifen differed in producing
only weak inhibition of 68-OHA formation. The
addition of lithocholic acid had no effect showing that
it was not competing for the enzyme induced by IC. As
expected, a Sa-reductase inhibitor 4-MA [18]
prevented the formation of 6-OHA from AD but not
A while 6-MPA, a 3a-hydroxysteroid dehydrogenase
inhibitor [19], showed a similar but less pronounced
effect on the conversion of AD to 64-OHA. However,
it did not inhibit the 6f-hydroxlation of A which is
already hydroxylated at C-3.

DISCUSSION

In recent studies, we have shown that IC as well as
its dimer when given orally, induce CYP1A1l, 1A2,
2B1/2 and possibly other cytochrome P450 isozymes in
rat liver [7]. The indole carbinols resembled isosafrole
more closely than 3-methylcholanthrene in their induc-
tion specificities and they increased the conversion of
estradiol to its catechol derivatives [6] as well as altering
androgen metabolism. With the latter group of
steroids, an increase in the formation of 6-OHA was
observed [7] without a concomitant increase in 6f-
hydroxylation of the parent compound, 4-androstene-
dione.

Two closely homologous (909, with respect to amino
acids) cytochrome P450 isozymes are known to cata-
lyze the 6f-hydroxylation of androgens [16, 20, 21].
CYP3A1 is a PCN-inducible testosterone 6f-
hydroxylase and appears not to be present constitu-
tively in male or female rat hepatic tissues at any age,
while CYP3A2 is a male-specific testosterone 6f-hy-
droxylase. By means of Western analysis using Mab
2-13-1 against CYP3Al, we showed the absence of
CYP3A1 in adult female rat liver and its inducibility by
PCN but not by IC. However, CYP3A2, which is
known to be present in rats up to just after 30 days of
age appeared to cross-react with Mab 2-13-1 and to be
inducible by IC in these younger animals. CYP3A2 is
known to be suppressed in adult females which develop
a more continuous growth hormone secretory profile
than males [15, 22, 23]. Thus, the indole carbinol could
be inducing either or both isozymes particularly since
the antibody gave a positive immunoreaction with liver
microsomes from untreated adult male rats known to
contain CYP3A2; it is for this reason they are
designated CYP3A1/2 in this paper. The ability of
monoclonal antibodies to cross-react with different
members of the CYP3A subfamily has been described
by others [24-26]. The CYP3A1/2 levels were paral-
leled by the extent of 6f-hydroxylation of AD but not
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of A. The 6f-hydroxylation of A, the fully reduced
metabolite of AD, occurred only in IC-induced mature
female rats when CYP3A1/2 was shown to be no longer
present. A similar developmental pattern was observed
with CYP2B1/2 [16, 20] although its decrease was
delayed by about a week and, unlike CYP3A1/2, it
could be induced by IC in adult female rat liver.
CYP2B1/2 levels were increased by PCN or IC
treatment in both sexes but neither this steroid nor IC
had any significant effect on the expression of ethanol-
inducible CYP2E1 [20, 27]. However, these isozymes
are not associated with the 6-hydroxylation of andro-
gens.

Thus, IC induces a cytochrome PP450 capable of
catalyzing hydroxylation at the f face of A at C-6 which
differs from the subfamily CYP3A1/2 responsible for
the bulk of microsomal 6f-hydroxylation of AD in rat
liver [16]. It is unlikely to be the form which catalyzes
the 6f8-hydroxylation of bile acids such as lithocholic
acid [17] because it reacted differently to hydroxylase
inhibitors such as metyrapone and tamoxifen and was
not inhibited by lithocholic acid which would compete
for the enzyme. In addition, androsterone, the
substrate for the induced enzyme [7] is essentially
planar while ring A of lithocholic acid, because of the
58 configuration, is bent at an almost right angle
relative to the plane of the molecule [17]. CYP1Al,
CYP1A2, CYP2B1/2 and CYP2El can also be
excluded because their levels at different ages did not
correspond to 6f-hydroxylation of A or response to IC
administration.

It is interesting that humans produce significant
amounts of 6a and 6f-hydroxylated bile acids during
neonatal life, and again following the development of
biliary obstruction [28]. Most of these 6a-hydroxylated
bile acids appear to be excreted in the urine as C-6
conjugates [29]. Which endogenous compounds are
controlling 6-hydroxylation of bile acids in humans is
unknown; sex steroid hormones are known to control
6-hydroxylation in rats [30].

The fact that 6f-hydroxylation of A and AD is
catalyzed by distinct enzymes, only one of which is
induced by IC, has interesting biochemical impli-
cations. It has been pointed out that from the substrate
structure—activity relationship for the CYP3A family of
isozymes, hydroxylation takes place on a benzyl or allyl
carbon atom [31]. The 6f-position is allylic in AD but
not in the fully saturated ring system of A, making the
former steroid molecule a much more suitable substrate
for attack by CYP3A1/2. In this context, IC would be
increasing the conversion of A to its inert 65-OHA
metabolite, possibly at the expense of 65-OHAD
capable of forming highly polar products. This is
supported by the observed increase in polar water-
soluble metabolites under conditions where 6-OHAD
rather than 6f-OHA is formed. It could also reflect
increased imine formation by AD with lipophilic
amines associated with liver microsomes which has
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been shown to yield the 6B8-hydroxy derivative by
non-enzymatic  hydrolysis [32]. However, the
possibility of such a reaction and also peroxidation of
C-6 of the steroid [33] can be eliminated because
polyamines did not influence the yield of the 6f-
hydroxylated androgens and boiling the microsomes
completely abolished their formation.

Thus, the alterations in metabolism of AD produced
after the ingestion of IC could affect the potential of
this steroid to exert deleterious effects by increasing the
hepatic conversion of AD to its inert 6-OHA deriva-
tive. This would result in the decreased availability of
AD to be aromatized to estrone in target tissues with
subsequent reduced formation of 16a-hydroxyestrone
which has been shown to function as an initiator and
promoter of mammary cell transformation [34]. In
humans, androgens are known to play a role in the
development of prostate cancer and benign prostatic
hypertrophy but the effect of androgen metabolism in
these diseases is poorly understood [35]. Recently
5a-reductase inhibitors have come into clinical use for
the treatment of benign prostatic hypertrophy;
however, the efficacy of these drugs is limited and side
effects can occur [36]. Clinical trials are in progress to
determine if these agents are able to reduce the inci-
dence of prostate cancer and it is clear that these agents
can reduce the serum level of dihydrotestosterone, as
well as the dihydrotestosterone content of the prostate
gland. If the effect of IC on the induction of a 6f-
hydroxylase (which requires a Sa reduced substrate) as
shown here for the rat, also occurs in humans, then a
pathway for the removal of androgens may be blocked
following treatment with 5a-reductase inhibitors. This
might explain the observation that testosterone levels
are elevated in men undergoing 5a-reductase inhibitor
therapy [36].

Epidemiological studies indicate that the consump-
tion of a high vegetable diet is associated with reduced
prostate cancer [2]. The mechanism for this dietary
effect is unknown. It is possible that the apparent
antitumor effect of a high vegetable diet could be
mediated by the combined action of dietary inducers of
phase 1 enzymes (e.g. IC), and other dietary inducers
of phase 2 enzymes (e.g. sulforaphane) which are
capable of conjugating the hydroxylated steroids
produced by the phase 1 enzymes. The net effect in
human males might be to protect the prostate by
decreasing the levels of active androgens reaching this
organ. Thus a possible synergistic action of the
multiple inducers present in cruciferous and other
vegetables could produce androgen metabolic profiles
very different from those produced by individual
components isolated from the vegetables. Recently, it
has been shown [37, 38] that dietary IC can induce both
phase 1 and 2 enzymes in the livers of mature male
Fischer rats and that this multiple effect is probably
brought about by the various metabolites formed from
IC in the gastrointestinal tract.

Peter H. Jellinck et al.

Studies to characterize the nature of the water-
soluble androgen metabolites produced in the rat fol-
lowing treatment with IC should provide some
information about the type of reactions involved, and
deserves further investigation. In addition, the
significance of these in vitro changes will require testing
in vivo by monitoring changes in circulating and
urinary excretion products after the administration of
IC.
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