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Testicular Steroid Hormones

Castration of Male Rats (Orchiectomy)

Procedure
Castration of young male rats is performed with
minimal bleeding in animals weighing less than
60 g. The animal is anesthetized. A small trans-
versal incision is made in the skin on the ventral
site over the symphysis. The testis lying in the
scrotum is gently pushed into the abdominal cav-
ity. With a pair of fine forceps, the abdominal wall
is opened. The epididymal fat pad, easily seen, is
grasped with the forceps, and the testis with the
epididymis is pulled out from the wound. The
ductus deferens with the testicular vessels is
crushed with artery forceps and the testis together
with the epididymal fad pad cut off with a pair of
fine scissors. There is almost no bleeding in young
animals. In older animals, ligation of the testicular
vessels together with the ductus deferens may be
necessary. The same procedure is performed on
the other side. The skin wound is closed with one
or two wound clips. The animal recovers imme-
diately. With some skill, the operation can be
performed very rapidly (Bomskov 1939).

Modifications of the Methods
Dorfman (1969) recommended removing the
testes through an incision in the tip of the scrotum.
In our hands, the procedure described above was
preferable.
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Caponizing of Cockerels (Orchiectomy)

Procedure
This is a classical bioassay for androgens. White
Leghorn cockerels are used for surgery at
approximately 6 weeks of age. The animals,
fasted 24 h prior to surgery, were anesthetized
with ether and placed on their sides. An incision
is made between the last two ribs, the muscle
layer is divided, and the incision is pulled apart
with small retractors. The testis is found close to
the midline of the posterior abdominal wall,
alongside the vena cava. The capsule enclosing
the testis is cut and the gonad is removed. It is
imperative to remove the testis intact, as frag-
ments left behind are usually vascularized and
persist, giving rise to incompletely caponized
animals. The incision is closed by a suture. The
contralateral testis is removed in a similar fashion
(Bomskov 1939).
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Androgenic and Anabolic Activity

In Vitro Methods

Androgen Receptor Binding

Purpose and Rationale
Rat ventral prostate (Bonne and Raynaud 1974;
Liao et al. 1974; Grover and Odell 1975; Ojasoo
and Raynaud 1978; Raynaud et al. 1979;
Winneker et al. 1989; Duc et al. 1995) and
mouse kidney (Isomaa et al. 1982) serve as
sources for androgen receptors. Human androgen
receptors have been prepared from transfected
COS-1 cells (Teutsch et al. 1994). Labeled
androstanolone, 5α-dihydrotestosterone, testos-
terone, and, more recently, methyltrienolone
(R 1881) have been used as radioligands.

Procedure

Androgen Receptor Assay
Cytosol is prepared from ventral prostate glands
of adult male rats castrated approximately 24 h
before use. The tissue is homogenized in TMDG
buffer (10 mM Tris, 20 mM sodium molybdate,
2 mM dithiothreitol, 10 % glycerol, pH = 7.4) at
room temperature using a motor-driven glass
homogenizer and centrifuged at 135,000 g for
1 h. Aliquots of the supernatant (cytosol) are
diluted to contain 40 mg tissue/ml and incubated
for 1 h or overnight with [17α-methyl-3H]R 1881
(methyltrienolone, 5 nM final concentration,
87 Ci/mmol, New England Nuclear) in either the
absence or presence of increasing concentrations
(1 nM to 10 μM) of R 1881 or test compounds.
Because R 1881 binds weakly to progesterone and
glucocorticoid receptors, cytosols are pretreated
with 1 μM triamcinolone acetonide to block these
interactions. After a 1- or 18-h incubation period,
a suspension of dextran-coated charcoal (1 %
charcoal, 0.05 % dextran T-70, 0.05 % BSA) is
added to the ligand–cytosol mixture and incu-
bated for 5 min. The charcoal is removed by
centrifugation at 1500 g for 10 min and the
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supernatant (protein-bound [3H]R 1881) counted
using 10 ml of scintillation fluid (New England
Nuclear) in a liquid scintillation spectrometer.

Nuclear Androgen Receptor Exchange Assay
Ventral prostates are homogenized at 100 mg/ml
in hexylene glycol buffer (1 M hexylene glycol,
1 mM MgCl2, 2.0 mM dithiothreitol, 5.0 mM
EGTA, 1.0 mM PIPES, pH = 7.4) using a
motor-driven ground glass homogenizer. Homog-
enates are centrifuged at 1500 g for 10 min.
The nuclear pellet is washed three times in
homogenization buffer by gently resuspending
the pellet in a Dounce homogenizer and centrifu-
gation at 1500 g for 10 min. The washed nuclear
pellet is resuspended in pyridoxal-50-phosphate
extraction buffer (20 mM sodium barbital,
5 mM pyridoxal-50-phosphate, 5.0 mM
dithiothreitol,1.5 mM EDTA, 150 mM KCl,
20 % glycerol, pH = 7.4) for 60 min at a final
concentration of 60 mg tissue/ml. The extracted
nuclei are centrifuged at 25,000 g for 30 min with
the resulting supernatant being used in the same
single saturating dose assay as described for pros-
tate cytosol.

Evaluation
Binding of test substances to the androgen
receptor (receptor affinity) is quantified by calcu-
lating the relative binding affinity (ratio of the
molar concentration of unlabeled R 1881 to test
substance required to inhibit the binding of [3H]R
1881 by 50% after correction for nonspecific bind-
ing) and equilibrium inhibitory binding constant
(Ki= IC50/(1 + C)/Kd, whereC= the concentration
of [3H]R 1881 and the Kd for R 1881 is 1.3 nM).

In the nuclear androgen receptor exchange
assay, treatment group means are compared to
control means, using ANOVA and Dunnett’s mul-
tiple comparison tests.

Modifications of the Method
Cell assays and animal assays are described for
evaluation of androgens and antiandrogens
(Raynaud et al. 1975; Liang et al. 1977; Sivelle
et al. 1982; Liao et al. 1984; Traish et al. 1986;

Stobaugh and Blickenstaff 1990; Christiansen
et al. 1990; Humm and Schneider 1990; Neubauer
et al. 1993).

Brown et al. (1981) studied antiandrogen
effects on androgen receptor binding in cultured
human newborn foreskin fibroblasts.

Tezón et al. (1982) studied the intracellular
distribution of the androgen receptor in the rat
epididymis under the influence of androgens and
antiandrogens.

The use of tritiated 7α,17α-dimethyl-19-
nortestosterone for the assay of androgen recep-
tors was recommended by Schilling and
Liao (1984).

Characterization and expression of a cDNA
encoding the human androgen receptor was
described by Tilley et al. (1989).

Hoyte et al. (1993) recommended 7α-methyl-
17α-(E-20-[125I]iodovinyl)-19-nortestosterone as
radioligand for the detection of the androgen
receptor.

Structure–affinity relationships of various ste-
roids structurally related to nomegestrol and pro-
gesterone for [3H]testosterone binding to rat
ventral prostate cytosol were reported by Botella
et al. (1987).

Molecular cloning of human androgen recep-
tor complementary cDNA has been reported by
Chang et al. (1988) and Lubahn et al. (1988).

DNA binding of androgen receptor
overexpressed in COS-1 cells has been reported
by Von Krempelhuber et al. (1994).

Thoth et al. (1995) studied in vitro binding of
16-methylated C-18 and C-19 steroid derivates to
the androgen receptor using cytosol of castrated
rat prostate and [3H]R 1881 as radioligand.

Chang et al. (1995) reviewed the structure and
function of the androgen receptor and its role in
the function of the mammalian system.

The interaction of androgen receptors with the
androgen-response element in intact cells was
investigated by Karvonen et al. (1997).

References and Further Reading
Bonne C, Raynaud JP (1974) Mode of

spironolactone anti-androgenic action:

Testicular Steroid Hormones 3479



inhibition of androstanolone binding to rat
prostate androgen receptor. Mol Cell
Endocrinol 2:59–67

Botella J, Paris J, Lahlou B (1987) The cellular
mechanism of the antiandrogenic action of
nomegestrol acetate, a new 19-norprogestagen,
on the rat prostate. Acta Endocrinol 115:544–550

Brown TR, Rothwell SW, Sultan C, Migeon CJ
(1981) Inhibition of androgen binding in
human foreskin fibroblasts by antiandrogens.
Steroids 37:635–647

Chang C, Kokontis J, Liao S (1988) Molecular
cloning of human and rat androgen comple-
mentary cDNA encoding androgen receptors.
Science 240:324–326

Chang C, Saltzman A, Yeh S, Young W, Keller E,
Lee HJ, Wang C, Mizokami A (1995) Andro-
gen receptor: an overview. Crit Rev Eukaryot
Gene Expr 5:97–125

Christiansen RG, Bell MR, D’Ambra TE,
Mallamo JP, Herrmann JL, Ackerman JH,
Opalka CJ, Kullnig RK, Winneker RC, Snyder
BW, Batzold FH, Schane HP (1990)
Antiandrogenic steroidal sulfonylpyrazoles.
J Med Chem 33:2094–2100

Duc I, Botella J, Bonnet P, Fraboul F,
Delansorne R, Paris J (1995) Antiandrogenic
activity of nomegestrol acetate. Arzneimittel-
forschung 45:70–74

Grover PK, Odell WD (1975) Correlation of
in vivo and in vitro activities of some naturally
occurring androgens using a radioreceptor
assay for 5α-dihydrotestosterone with rat pros-
tate cytosol receptor protein. J Steroid
Biochem 5:1373–1379

Hoyte RM, Brown TJ, MacLusky NJ,
Hochberg RB (1993) 7a-Methyl-17α-
(E-20-[125I]iodovinyl)-19-nortestosterone: a new
radioligand for the detection of the androgen
receptor. Steroids 58:13–23

Humm AW, Schneider MR (1990) Entwicklung
nichtsteroidaler Antiandrogene: 4-Nitro-3-
trifluormethyldiphenylamine. Arch Pharmacol
323:83–87

Isomaa V, Pajunen AE, Bardin CW, Jänne OA
(1982) Nuclear androgen receptors in the
mouse kidney: validation of a new assay.
Endocrinology 111:833–843

Karvonen U, Kallio PJ, Jänne OA, Palvimo JJ
(1997) Interaction of androgen receptors with
androgen response element in intact cells.
J Biol Chem 272:15973–15979

Liang T, Tymoczko JL, Chan KMB, Hung SC,
Liao S (1977) Androgen action: receptors and
rapid responses. In: Martini L, Motta M (eds)
Androgens and antiandrogens. Raven,
New York, pp 77–89

Liao S, Howell DK, Chang TM (1974) Action of a
nonsteroidal antiandrogen, flutamide, on
the receptor binding and nuclear retention of
5α-dihydrotestosterone in rat ventral prostate.
Endocrinology 94:1205–1208

Liao S, Witte D, Schilling K, Chang C (1984) The
use of a hydroxylapatite-filter steroid receptor
assay method in the study of the modulation of
androgen receptor interaction. J Steroid
Biochem 20:11–17

Lubahn DB, Joseph DR, Sullivan PM, Willard
HF, French FS, Wilson EM (1988) Cloning of
human androgen receptor complementary
cDNA and localization to the X chromosome.
Science 240:327–330

Neubauer BE, Best KL, Clemens JA, Gates CA,
Goode RL, Jones CD, Laughlin ME, Shaar CJ,
Toomey RE, Hoover DM (1993) Endocrine
and antiprostatic effects of Raloxifene
(LY156758) in the male rat. Prostate
23:245–262

Ojasoo T, Raynaud JP (1978) Unique steroid con-
geners for receptor studies. Cancer Res
38:4186–4198

Raynaud JP, Bonne C, Bouton MM,
Moguilewsky M, Philibert D, Azadian-
Boulanger G (1975) Screening for anti-
hormones by receptor studies. J Steroid
Biochem 6:615–622

Raynaud JP, Bonne C, Bouton MM, Lagace L,
Labrie F (1979) Action of a non-steroid anti-
androgen, RU 23908, in peripheral and central
tissues. J Steroid Biochem 11:93–99

Schilling K, Liao S (1984) The use of radioactive
7α,17α-dimethyl-19-nortesteosterone
(Mibolerone) in the assay of androgen recep-
tors. Prostate 5:581–588

Sivelle PC, Underwood AH, Jelly JA (1982) The
effects of histamine H2 receptor antagonists on

3480 J. Sandow



androgen action in vivo and dihydrotestoster-
one binding to the rat prostate androgen recep-
tor in vitro. Biochem Pharmacol 31:677–684

Stobaugh ME, Blickenstaff RT (1990) Synthesis
and androgen receptor binding of dihydrotes-
tosterone hemisuccinate homologs. Steroids
55:259–262

Teutsch G, Goubet F, Battmann T, Bonfils A,
Bouchoux F, Cerede E, Gofflo D, Gaillard-
Kelly M, Philibert D (1994) Non-steroidal
antiandrogens: synthesis and biological profile
of high-affinity ligands for the androgen recep-
tor. J Steroid Biochem Mol Biol 48:111–119

Tezón JG, Vazquez MH, Blaquier JA (1982)
Androgen-controlled subcellular distribution
of its receptor in the rat epididymis: 5α-dihy-
drotestosterone-induced translocation is
blocked by antiandrogens. Endocrinology
111:2039–2045

Thoth I, Faredin I,Mesko E,Wolfling J, Schneider
G (1995) In vitro binding of 16-methylated
C-18 and C-19 steroid derivates to the andro-
gen receptor. Pharmacol Res 32:217–221

Tilley WD, Marcelli M, Wilson JD, McPhaul MJ
(1989) Characterization and expression of a
cDNA encoding the human androgen receptor.
Proc Natl Acad Sci U S A 86:327–331

Traish AM, M€uller RE, Wotiz HH (1986)
Binding of 7α,17α-dimethyl-19-nortestosterone
(Mibolerone) to androgen and progesterone
receptors in human and animal tissues. Endocri-
nology 118:1327–1333

Von Krempelhuber A, M€uller F, Fuhrmann U
(1994) DNA-binding of androgen receptor
overexpressed in mammalian cells. J Steroid
Biochem Mol Biol 48:511–516

Winneker RC, Wagner MM, Batzold FH (1989)
Studies on the mechanism of action of WIN
49596: a steroidal androgen receptor antago-
nist. J Steroid Biochem 33:1133–1138

Transactivation Assay for Androgens

Purpose and Rationale
Steroid agonistic and antagonistic properties can
be evaluated by transactivation assays (Muhn
et al. 1995; Fuhrmann et al. 1995, 1996). The
transactivation assay assumes that steroid receptor

proteins act as ligand-regulated transcriptional
activators. After binding of hormone, the steroid
receptor interacts with hormone-responsive ele-
ments of hormone-regulated genes, inducing a
cascade of transcriptional events (Green and
Chambon 1988). The hormone-dependent tran-
scriptional activation can be determined in tissue
culture by transfection of the steroid receptor
under investigation and a reporter gene linked
to a hormonally responsive promoter into cells.
The transactivation assay allows determination of
the agonistic and also the antagonistic potency of
a given compound, by either induction or inhibi-
tion of reporter gene activity (Fuhrmann
et al. 1992).

Procedure

Vector Construct
CV-1 cells are stably transfected with the rat
androgen receptor and pMMTV-CAT7. The
pMMTV-CAT plasmid containing the mouse
mammary tumor virus promoter linked to a chlor-
amphenicol acetyltransferase gene is prepared
according to Cato et al. (1986).

Cell Culture and Transfections
The culture medium of CV-1 cells stably
transfected with the rat androgen receptor and
pMMTV-CAT7 is supplemented with 400 μg/ml
G418 (Gibco BRL) and 5 μg/ml puromycin.

Stable and transient transfections are
performed using Lipofectin Reagent (Gibco
BRL) according to a procedure recommended by
Felgner and Holm (1989). Stable transfections are
carried out according to Fuhrmann et al. (1992).
For transient transfection, 1� 106 COS-1 or CV-1
cells are plated onto 100-mm dishes 1 day prior to
transfection. Cells are typically about 80 % con-
fluent after 24 h. Before transfection, cells are
washed twice with 1 ml Opti-MEM (Gibco
BRL) per dish. For each dish, 5 μg hAR expres-
sion plasmid and 5 μg pMMTV-CAT are diluted
with 1 ml Opti-MEM; in addition, 50 μg
Lipofectin Reagent is diluted with 1 ml Opti-
MEM. Next, DNA and Lipofectin Reagent dilu-
tions are combined in a polystyrene snap-cup tube
to obtain 2 ml of transfection solution per dish,
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gently mixed, incubated at room temperature for
5 min, and added to the washed cells. After 5 h the
transfection solution is replaced by 6 ml DMEM
supplemented with 10 % fetal calf serum.

To study the effect of the test hormones, tran-
siently transfected cells are trypsinized, pooled,
and replated onto 60-mm dishes at a density of
4.5 � 105 per dish 24 h after transfection. Stably
transfected cells are seeded onto 6-well dishes
(1 � 105 cells per dish). Cells are cultured in
medium supplemented with 3 % charcoal-
stripped fetal calf serum and the appropriate
hormones for 48 h. Cells are cultured with 1 %
ethanol as a negative control for the reporter gene
induction. Transactivation assays with transiently
or stably transfected cells are carried out at least
three times.

CAT Assay
Transiently transfected cells and stably
transfected cells are disrupted by freezing (etha-
nol/dry ice bath) and thawing (37 �C water bath)
three times. Protein concentrations of the cell
extract are determined according to Bradford
(1976). The CAT assay is performed according
to Gorman et al. (1982).

Evaluation
CAT activity is calculated as percentage conver-
sion from chloramphenicol to acetylated chloram-
phenicol. Concentration–response curves for CAT
induction are established to demonstrate the
potency of the test hormone. The synthetic andro-
gen R 1881 (10�10 to 10�6 mol/l) is used as the
standard.

For antiandrogenic activity, CATactivity in the
presence of 0.5 nmol/l R 1881 is set as 100 %, and
relative CAT activity is calculated as a percentage
of this value. Concentration–response curves for
CAT inhibition are established with increasing
concentrations of the antihormone.

Critical Assessment of the Method
See chapter “▶Anterior Pituitary Hormones”

Modifications of the Method
Warriar et al. (1993) examined the ability of dihy-
drotestosterone (DHT) and various antiandrogens

to stimulate or to inhibit the transcription activa-
tion of mouse mammary tumor virus-bacterial
chloramphenicol acetyltransferase (MMTV-
CAT) in CV-1 cells.

White et al. (1994) described a simple and
sensitive high-throughput assay which can be
adapted for several classes of steroid agonists
and antagonists. A DNA cassette, containing a
synthetic steroid-inducible promoter controlling
the expression of a bacterial chloramphenicol
acetyltransferase gene (GRE5-CAT), was inserted
into an Epstein–Barr virus episomal vector which
replicates autonomously in primate and human
cells. This promoter/reporter system was used to
generate two stably transfected human cell lines.
In the cervical carcinoma cell line HeLa, which
expresses a high level of glucocorticoid receptor,
the GRE5 promoter is inducible over 100-fold
by the synthetic glucocorticoid dexamethasone.
In the breast carcinoma cell line T47D, which
expresses progesterone and androgen receptors,
the GRE5 promoter is inducible over 100-fold
by either progesterone or dihydrotestosterone
(DHT). These cell lines can be used to screen
large numbers of natural and synthetic steroid
agonists and antagonists in microtiter wells
directly using a colorimetric chloramphenicol
acetyltransferase (CAT) assay.
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In Vivo Methods

Chicken Comb Method for Androgen
Activity

Purpose and Rationale
This is a historical bioassay based on the response of
the comb of castrate cockerels (capons). Themethod
has been used by many authors to assay androgenic
activity and has been found to be extremely useful
for the isolation and structural elucidation of natural
androgens. Many modifications have been
published (reviewed by Dorfman 1969).

Procedure
Prior to assay, the surface area (sum of the length
plus height of each individual comb) is
determined by a millimeter rule placed directly
on the comb. The capons are injected q.d.

intramuscularly for 5 days consecutively with a
solution or suspension of the test compound, and
reference animals are treated with the androgen
standard in 1 ml olive oil. Then 24 h after the last
injection, the combs are measured again, and the
growth of the comb is expressed as the sum of
length and height in millimeters. Groups of eight
animals are used for at least two doses of the test
compound and the standard. In this method, ani-
mals can be used repeatedly.

Evaluation
The experimental parameter is the surface area of
the comb. The mean values of each group are
calculated, dose–response curve for the test com-
pound and the standard is plotted, and potency
ratios are calculated where possible.

Similar studies were reported by Gallagher and
Koch (1935), Greenwood et al. (1935), and
Oesting and Webster (1938).

Modifications of the Method
The hormones, dissolved in oil, have been applied
locally to the capon’s comb instead of by injec-
tion. A greater sensitivity has been achieved with
this modification (Fussgänger 1934; McCullagh
and Cuyler 1939).

Newly hatched chicks of either sex have been
used to study the growth of combs after systemic
or local administration (Frank et al. 1942;
Dorfman 1948). White Leghorn chicks are used
at an age of 2–3 days. They are kept in a brooder
with thermostatic control. An oily solution
(0.05 ml) of the test compound or the standard is
applied to the comb daily for a period of 7 days.
Then 24 h after the last application, the animals
are autopsied. Body weights are determined. The
combs are removed by two longitudinal incisions
along the base of the comb at its juncture with the
scalp. The comb is freed from the scalp, touched
lightly on a towel to remove blood, and weighed.
Dose–response curves are established.
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Weight of Androgen-Dependent Organs
in Rats

Purpose and Rationale
Androgens affect the development of secondary
sex organs in the male rat (ventral prostate, sem-
inal vesicles). The growth of the ventral prostate,
the seminal vesicles, and the musculus levator ani
is dependent on the presence of male sexual hor-
mones. Weight development of the musculus
levator ani was considered to indicate anabolic
activity, and weight development of the ventral
prostate and seminal vesicles was considered to
indicate androgenic activity (Dorfman 1969).

Procedure
Immature male Sprague–Dawley rats weighing
about 55 g are orchiectomized. Animal body
weight is recorded at the beginning and at the
end of the experiment.

The animals are treated with test compounds
by gavage (orally) in 0.5 ml 0.5 %

carboxymethylcellulose or by subcutaneous injec-
tion in 0.2 ml sesame oil suspension once per day
over a period of 10 days. Testosterone is given in
doses of 0.02, 0.1, and 0.5 mg per animal subcu-
taneously and methyltestosterone orally in doses
of 0.25, 1.5, and 5mg per animal. Controls receive
the respective vehicle. Ten animals are used for
each group. On day 10 at autopsy, the seminal
vesicles, ventral prostate, and levator ani muscle
are dissected out and weighed. The seminal vesi-
cles are squeezed and dried to remove the fluid.

Dissection of the levator ani muscle is
performed after removal of the skin in the scrotal
area between the base of the penis and the anus.
The posterior aspect of the perineal complex is
cleared of fat and connective tissue with forceps,
particular care being taken to expose the constric-
tions at either end of the levator ani where it joins
the bulbocavernosus muscle. The rectum is
transected just caudad to the point where the
musculus levator ani loops around it dorsally.
The body of the levator ani is then freed of the
rectum and is removed by incisions at the points
of attachment to the bulbocavernosus muscle. The
levator ani is cleared of any connective tissue and
weighed to the nearest 0.1 mg.

Evaluation
The ratio of organ weight to body weight is cal-
culated for every animal and each organ (relative
organ weights). Dose–response curves are
constructed for each organ comparing the test
compound with the standard in order to calculate
potency ratios. An increase in the weight of sem-
inal vesicles and ventral prostate indicates andro-
genic activity, whereas an increase in the weight
of musculus levator ani is considered to indicate
anabolic activity.

In evaluating steroids for possible use as ana-
bolic agents, Hershberger et al. (1953) suggested
the use of the levator ani to ventral prostate ratio,
which is defined as the ratio of the increase in
levator ani weight divided by the increase in ven-
tral prostate weight.

The method has been used by several authors
(Korenchevsky and Dennison 1935; Eisenberg and
Gordon 1950; Junkmann 1957; Kincl 1965; Eisler
1964; Dorfman 1969; Kuhnz and Beier 1994).
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Nitrogen Retention

Purpose and Rationale
Anabolic agents induce positive nitrogen balance
in the living organism (Polish 1964; Dorfman
1969). Many modifications of this assay principle
have evolved. Stafford et al. (1954) suggested a
method involving the measurement of nitrogen
excretion in the castrated rat fed a liquid diet and
in nitrogen balance.

Procedure
Twenty-five-day-old rats are castrated and kept
untreated for 67 days, reaching about 300 g in
body weight on normal laboratory diet. After

67 days, they are changed to a liquid diet,
forced-feeding regime. The diet contains carbo-
hydrates and fat, as well as casein and brewer’s
yeast as a nitrogen source. At the start, the rats
receive 10 ml of feed per day, and this is increased
to 26 ml per day. Feeding is continued for 30 days
with simultaneous administration of the test drug
once a day. Twenty-four-hour urine specimens are
collected three times weekly and analyzed for
total nitrogen.

Evaluation
Indices are calculated, such as greatest daily
retention, which is defined as the difference
between the lowest daily nitrogen value after
the beginning of treatment and the preinjection
mean; the total nitrogen retention, which is the
sum of the differences between the preinjection
excretion and the daily values during the
retention period; and the number of days in the
retention period.

Modifications of the Method
Amethod for the assay of anabolic steroids in the
monkey (Macaca mulatta) has been suggested
by Stucki et al. (1960). Nitrogen retention
expressed as total nitrogen retained per day
during the treatment period is chosen as the end
point.

Critical Assessment of the Method
The assay is time consuming and labor intensive,
and its use is no longer recommended.
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Antiandrogenic Activity

General Considerations

Antiandrogens may exhibit their activity both
peripherally on androgen-dependent tissues and
by feedback action at a central site (Neumann
et al. 1970, 1977; Mainwaring 1977; Neri 1977;
Raynaud et al. 1977; Neumann 1985;
Moguilewski and Bouton 1988). They compete
with the peripheral androgen receptors and thus
inhibit the effect of endogenous or exogenous
androgens. Centrally, they inhibit gonadotropin
secretion and thereby diminish testosterone pro-
duction by the gonads. In addition to their effects
on reproduction and accessory sexual organs,
antiandrogens inhibit sebum production (anti-
acne drugs) and delay androgen-dependent hair
loss (alopecia). The methods to detect and quan-
tify gonadotropin inhibition are described in chap-
ter “▶Vitiligo Models”.

Inhibition of 5α-reductase, an enzyme located
in tissues such as the prostate, is one pharmaco-
logical approach to inhibit benign prostate hyper-
plasia in men. Such inhibitors reduced the
conversion from testosterone to 5α-dihydrotestos-
terone (DHT).
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In Vitro Methods

Inhibition of 5a-Reductase

Purpose and Rationale
Testosterone is converted to 5α-dihydrotestoster-
one (DHT) by the enzyme 5α-reductase which is
specifically localized in some androgen-
responsive target tissues (e.g., prostate, seminal
vesicle, epididymis, skin, and sebaceous glands),
whereas in other androgen-sensitive tissues, such
as the skeletal muscles and the central structures,
the androgenic hormone is testosterone. Inhibition
of 5α-reductase provides a selective approach to
androgen deprivation in DHT-target tissues, such
as the prostate. The 5α-reductase inhibitors are
applied in the therapy of benign prostate
hyperplasia.

Procedure
5α-Reductase preparations are obtainable from
prostates of various species, such as human, dog,
and rat.

Frozen human prostates from benign prostatic
hyperplasia patients are thawed and minced with a
pair of scissors. The minced tissue is homoge-
nized in three tissue volumes of medium A
(20 mM potassium phosphate, pH 6.5, containing
0.32 M sucrose, 1 mM dithiothreitol, and 50 μM
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NADPH) with a Brinkmann Polytron and a
glass–glass homogenizer. The homogenate is
centrifuged at 140,000 g for 60 min, and the
pellets are washed with approximately three tissue
volumes of medium A. The washed pellets are
suspended at a concentration of 5–10 mg pro-
tein/ml in 20 mM potassium phosphate, pH 6.5,
containing 20% glycerol and 1 mM dithiothreitol.

Dog prostatic particulates are prepared from
either fresh or frozen specimens of male mature
dogs as described for human prostate. The washed
pellets are suspended in medium A at a concen-
tration of 30–60 mg protein/ml.

Ventral prostates from male Sprague–Dawley
rats weighing 400 g are processed as described
for human prostate, except that medium A with-
out NADPH is used throughout the procedures.
NADPH prevents inactivation of human and
dog 5α-reductases during the preparation; the
rat enzyme however is stable without the
coenzyme.

For the 5α-reductase assay, reaction solutions
are prepared in duplicate tubes containing 1 μM
[14C]testosterone, 1 mM dithiothreitol, 40 mM
buffer (potassium phosphate, pH 6.5, for the rat
and for the dog enzymes; Tris–citrate, pH 5.0, for
the human enzyme), prostatic particulate (1 mg
protein), and NADPH (50 μM for reaction with rat
enzyme, 500 μM for reaction with human and dog
enzyme) in a final volume of 0.5 ml. Test com-
pounds or standard as inhibitors is added in 5 μl
ethanol at concentrations between 10�9 and 10�5

M. The control tubes receive the same volume of
ethanol. The reactions for the rat and dog enzymes
are started by the addition of the prostatic partic-
ulates. The human prostatic particulate is
premixed with NADPH before starting the reac-
tion. The reactions are linear for at least 1 h at
37 �C. The reactions are carried out for 10–30 min
and are stopped with 2 ml ethyl acetate containing
testosterone, 5α-dihydrotestosterone, and andro-
stenedione (10 μg each). After centrifugation at
1000 g for 5 min, the ethyl acetate phase is trans-
ferred to a tube and evaporated under nitrogen to
dryness. The steroids are taken up in 50 μl ethyl
acetate. The solutions are applied to Whatman
LK5DF silica plates, and the plates are developed
in either ethyl acetate to cyclohexane (1:1) at

25 �C or chloroform to methanol (96:4) at 4 �C.
The plates are air-dried and the chromatography is
repeated. Nonradioactive steroid standards are
located by UV and by spraying with 1 % CeSO4/
10 % H2SO4 solution followed by heating. The
radioactivity profiles are determined by scanning
the plates or by scraping the silica in sections and
counting in a scintillation counter. 5α-Dihydrotes-
tosterone is the only radioactive product for the rat
and human enzymes. With the dog enzyme 5α-
dihydrotestosterone, 3α,17β-androstanediol,
androstan-3,17-dione, and androstenedione are
formed. The radioactivities of the first three prod-
ucts are combined for the calculation of the 5α-
reductase activity.

Evaluation
IC50 values are calculated based on at least five
dilutions of test preparations or standard.

Modifications of the Method
The method has been used by several authors
(Bruchovsky and Wilson 1968; Corvol
et al. 1975; Brooks et al. 1981; Liang
et al. 1985; Rhodes et al. 1993; di Salle
et al. 1993, 1994; Sudduth and Koronkowski
1993).

Using human genital skin fibroblasts and sim-
ian COS cells, specific inhibition of 5α-reductase
type 1 has been observed (Hirsch et al. 1993).

Wennbo et al. (1997) reported that transgenic
mice overexpressing the prolactin gene develop
dramatic enlargement of the prostate gland.

Sigimura et al. (1994) described age-related
changes of the prostate gland in the senescence-
accelerated mouse and recommended this strain as
a model of age-related changes in the prostate
gland.

Neubauer et al. (1993) measured prostatic 5α-
reductase in rats both in vitro and ex vivo and
determined in vivo uptake of [3H]testosterone by
the prostate.

At least two isoforms of 5α-reductase have
been isolated (Andersson and Russell 1990;
Jenkins et al. 1992). Recombinant human pros-
tatic 5α-reductase types I and II were expressed
using the baculovirus-directed insect cell expres-
sion system (Iehlè et al. 1993).
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Iehlè et al. (1995) and di Salle et al. (1998)
tested synthetic 5α-reductase inhibitors against
both isoforms.

Tolman et al. (1995) identified a 4-azasteroid
as a scalp isoenzyme selective inhibitor.
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In Vivo Methods

Chick Comb Method

Purpose and Rationale
This method is now obsolete for the evaluation of
antiandrogens. Several modifications of the chick
comb method have been described for
antiandrogens applied either systemically or
locally to the comb of intact cockerels (Dorfman
and Dorfman 1960; Dorfman 1969).

Procedure
Male or female, 1–3-day-old White Leghorn
chicks are housed at constant temperature in a
heated incubator. Testosterone is incorporated
into the finely ground chick starting mash at a
concentration of 80 mg/kg of food to stimulate
comb growth. The chicks are placed on this diet
on day 1. The antiandrogen to be tested is
dissolved in sesame oil and injected for several
days. At 24 h after the last injection, the animals
are sacrificed, the combs removed and blotted to
remove blood, and weighed rapidly to the
nearest 0.5 mg. Body weights are also
determined.

Evaluation
The results may be expressed as absolute comb
weights or as milligram of comb per gram of body
weight. Dose–response curves for groups treated
with increasing doses of antiandrogen are plotted.
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Antagonism of Androgen Action
in Castrated Rats

Purpose and Rationale
In this modification, antiandrogens are adminis-
tered to reduce or inhibit testosterone actions on
androgen-dependent organs.

Procedure
Male Sprague–Dawley rats weighing 50–70 g are
orchiectomized. Starting 1 day after castration, the
rats are injected once daily for 7 days with
0.15 mg testosterone propionate in 0.1 ml sesame
oil (agonist action). The test compounds
(antiandrogens) are dissolved in sesame oil or
suspended and injected subcutaneously daily at a
separate site for the same test period of 7 days. Six
to ten animals are used per group. At autopsy on
day 8, weights of ventral prostate, seminal vesi-
cles, and musculus levator ani as well as body
weight are recorded.

Evaluation
The organ weight to body weight ratio is calcu-
lated for each order, preferably based on relative
organ weight to 100 g of body weight.
The inhibition by the antiandrogen is compared
with agonist action in the groups of animals
receiving testosterone propionate alone.
Dose–response curves may be plotted for each
organ and expressed as percentage inhibition of
the agonist effect of testosterone by the
antiandrogen.

Modifications of the Method
Dorfman (1962) described an antiandrogen assay
using the castrated mouse.Weights of prostate and
seminal vesicles were determined after injection
of the antiandrogen test compounds and simulta-
neous injections of 2 mg testosterone over a
period of 7 days.

Applications of the Method
The intrinsic antiandrogenic activity is an
important parameter in the evaluation of the
pharmacological activity of H2-receptor antago-
nists (Winters et al. 1979; Broulik 1980;
Baba et al. 1981; Sivelle et al. 1982;
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Foldesy et al. 1985; Takeda et al. 1982; Neubauer
et al. 1990). In general pharmacology studies,
there is rarely any need for specific anti-hormonal
tests. However, in toxicology studies, tests for
antiandrogen activity may be warranted when
the effects on the testes and androgen-dependent
organs are found in repeated-dose studies.
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Antiandrogenic Activity in Female Rats

Purpose and Rationale
This is another historical bioassay of interest due
to the design of exploring antiandrogenic activity.
Neumann and Elger (1966) described a method
for testing the antiandrogenic activity of com-
pounds in immature female rats. The inhibition
by the antiandrogen cyproterone of the trophic
effect of testosterone on uterine and preputial
growth was studied in intact as well as in castrated
female rats (Neri et al. 1972; Snyder et al. 1989).

Procedure
Female Sprague–Dawley rats weighing 40–45 g
are ovariectomized. One week later, the treat-
ment is started for 12 days with daily subcutane-
ous injections of 0.3 mg testosterone propionate
and several doses of the antagonist. Controls
receive testosterone propionate only. At autopsy
on day 13, the uteri and preputial glands are
distracted out and weighed. The weight increase
of female accessory sexual organs caused by the
testosterone’s action is dose-dependently reduced
by the antiandrogen (in this case, cyproterone).
Similar results are found using intact immature
female rats.

Evaluation
Dose–response curves were established for
increasing doses of the antiandrogen at a given
dose of testosterone propionate or for increasing
doses of testosterone propionate at a given dose of
the antiandrogen, cyproterone.

Critical Assessment of the Method
The method is time consuming and was directed
to the specific investigation of cyproterone and

cyproterone acetate in precocious puberty and
androgen-dependent disorders.
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Intrauterine Feminizing/Virilizing
Effect

Purpose and Rationale
From clinical observations as well as from exper-
imental data (Neumann and Junkmann 1963; Neu-
mann and Kramer 1964), it is well known that the
external genitalia of female fetuses can be mascu-
linized by tumors secreting endogenous andro-
gens or by steroids with androgenic activity. This
effect can be antagonized by an antiandrogen.

The method is of interest for assessment of
reproductive toxicology.

Procedure
Adult female Sprague–Dawley rats are mated, and
the beginning of pregnancy is determined by vag-
inal smears. From day 16 to day 19 of pregnancy,
the antiandrogens are administered in various
doses subcutaneously in sesame oil. Testosterone
propionate is used in doses between 1.0 and
10.0 mg as the androgenic stimulus. The dams
are sacrificed on the 20th day of pregnancy and
the external genitalia of the female embryos
examined. The sex of the embryos is recognized
by the presence of ovaries and uterus. A dose of
10 mg testosterone propionate leads to total mas-
culinization of female embryos with the loss of
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female and the appearance of male sex character-
istics. The anogenital distance in female rat
fetuses measured macroscopically and micro-
scopically is dose-dependently increased by tes-
tosterone propionate. This characteristic androgen
effect is diminished by an antiandrogen.

Evaluation
The androgen-dependent decrease of the anogenital
distance in female fetuses by various doses of the
antiandrogen is expressed as percentage inhibition
of the testosterone-induced virilization.

Modifications of the Method
Feminization of male rats was induced by treat-
ment of pregnant rats during the second half of
gestation and of the newborn fetuses during weeks
1–3 postpartum with an antiandrogen, e.g.,
cyproterone acetate (Neumann and Elger 1966;
Nishino et al. 1988; review by Neumann 1994).
A decrease of the anogenital distance in the male
fetuses of antiandrogen-treated rats is expressed
as percentage inhibition relative to fetuses from
untreated mothers.

In feminized male rats, nipples and associated
glandular tissues develop after birth as in normal
female rats (Neumann and Elger 1967).

Feminization of male rats treated in utero was
also observed with nonsteroidal antiandrogens
and a 5α-reductase inhibitor (Imperato-McGinley
et al. 1992).
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Antiandrogenic Activity on Sebaceous
Glands

Purpose and Rationale
Bioassays for topical antiandrogens are based on
inhibition of sebum secretion. Sebum production
is increased by endogenous or exogenous andro-
gens in many species including humans. In the
mouse (Lapière and Chèvremont 1953; Neumann
and Elger 1966), the Mongolian gerbil (Mitchell
1965), and the golden hamster (Hamilton and
Montagna 1950), the male sex hormone stimu-
lates sebum production and sebaceous gland
growth. Morphometric evaluation by light
microscopy in the rat has shown that castration
causes a large reduction in the volume of the
glands (Sauter and Loud 1975). The administra-
tion of testosterone over several days produces an
enlargement of the sebaceous glands. This effect
is used for the morphometric evaluation of topical
antiandrogens.

The method is described in detail in chapter
“▶Vitiligo Models”.
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Antiandrogenic Activity in the Hamster
Flank Organ

Purpose and Rationale
This is another bioassay preferably for topical
antiandrogens. The flank organs of Syrian golden
hamsters are located on each flank of the animal
consisting mainly of sebaceous tissue. Like seba-
ceous glands in other species, these pigmented
spots respond to androgens by an increase in
size. This proliferation is inhibited by systemic
or topical antiandrogens.

The method is described in detail in chapter
“▶Vitiligo Models”.

Effect of 5a-Reductase Inhibitors on
Plasma and Tissue Steroid Levels

Purpose and Rationale
5α-Reductase inhibitors change the ratio of
plasma testosterone to dihydrotestosterone
(DHT) as well as the tissue concentrations partic-
ularly in the prostate tissue.

Procedure

Treatment of Animals
Male Sprague–Dawley rats are treated subcutane-
ously with the 5α-reductase inhibitor or vehicle
beginning on postnatal day 3 until the age of 4 or

7 weeks. After sacrifice, blood is withdrawn for
testosterone and DHT determinations (George
et al. 1989). Moreover, intraprostatic concentrations
of testosterone and DHTare determined as an index
of antiproliferative activity (di Salle et al. 1993).

Radioimmunoassay for Testosterone
and Dihydrotestosterone
Serum testosterone and DHT are measured by
radioimmunoassay (RIA) in serum or serum
extracts using specific antisera without prior
chromatography (Falvo and Nalbandov 1974).
Serum samples of 0.5 ml may be extracted with
2 ml of freshly purified, peroxide-free diethyl
ether by shaking for 60 s on a vortex mixer. The
aqueous phase is frozen at �70 �C, then the
ether phase containing steroids is transferred to
conical test tubes, and evaporated under a
stream of dry nitrogen. The dry residue is
redissolved in BSA/phosphate buffer (1 %
BSA = bovine serum albumin) for RIA.
[1,2,6,7-3H]-Testosterone or [1,2,6,7-3H]-dihy-
drotestosterone and specific antisera are added
and tubes incubated over a period of 24 h at
+4 �C under nonequilibrium conditions. Bound
hormone and free hormone are separated by
adsorption on dextran-coated charcoal. The
activity of each sample is determined by beta-
spectrometry.

Commercially available RIA kits can be used
with suitable validation.

Evaluation
The hormone concentrations in the sample are
calculated from a standard curve by a computer
program (e.g., RIA-Calc, LKB), using appropriate
control sera. The ratios of testosterone to DHT in
rats treated with different doses of 5α-reductase
inhibitors are compared with those of vehicle-
treated intact control rats.

Modifications of the Method
di Salle et al. (1998) measured prostatic concen-
trations of testosterone and 5α-dihydrotestoster-
one in rats by specific RIAs after treatment with
a dual type I and II 5α-reductase inhibitor.
Similar measurements of tissue testosterone to
DHT ratios have been performed in dogs, in the
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context of pituitary downregulation of androgen
secretion by luteinizing-hormone-releasing
hormone (LHRH) agonists.
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