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Abstract:

Background: It has previously been speculated that the androgen receptor antagonist flutamide produces behavioral effects that are

not mediated by androgen receptors. These earlier studies were performed in intact rodents and thus, flutamide may have interfered

with endogenous testosterone produced by the testes. The main objective of the present study was to examine whether flutamide in-

duces anxiolytic-like behavior in castrated rats.

Methods: Male Wistar rats (8–9 weeks old) were castrated and thereafter, in the same operation, the rats received silastic capsules

subcutaneously (sc) that were filled with dihydrotestosterone (DHT) or were left empty. Three weeks later, rats were sc administered

flutamide 50 mg/kg/day or vehicle for seven days. Four hours after the last injection, anxiolytic-like behavior was studied in a modi-

fied Vogel’s drinking conflict model. In a separate experiment, shock threshold and drinking motivation were estimated.

Results: Flutamide induced anxiolytic-like behavior in castrated rats irrespective of administration of DHT. Treatment with DHT

alone did not induce a significant behavioral effect. Shock threshold and drinking motivation were not affected by flutamide and/or

DHT treatment.

Conclusions: This study demonstrates that flutamide induces anxiolytic-like behavior in a modified Vogel’s conflict model in cas-

trated rats, which indicates that flutamide has anxiolytic-like properties that are not dependent on testes-produced testosterone.

Key words:

dihydrotestosterone, brain, testosterone, androgen receptor, flutamide, anxiety, behavioral disinhibition, conflict behavior

Introduction

Testosterone produces anxiolytic-like behavior in ro-

dents in several models of anxiety [2, 4, 6, 17, 20,

33–36]. The mechanisms by which testosterone pro-

duces anxiolytic-like behavior are not well known.

Testosterone may either be converted to dihydrotes-

tosterone by 5a-reductase or aromatized to estradiol

by the enzyme aromatase [28]. Estradiol stimulates

estradiol receptor a and b [31] and produces anxio-

lytic-like behavior in rats [23, 25, 39]. The non-

aromatizable androgen receptor agonist dihydrotes-

tosterone also exerts anxiolytic-like properties [14–16,

19]. Moreover, dihydrotestosterone can be metabo-

lized by the enzyme 3a-hydroxysteroid dehydroge-

nase to 3a-diol (5a-androstane-3a,17b-diol), which

induces anxiolytic-like behavior [18]. The non-steroidal

androgen receptor antagonist flutamide, antagonizes

the anxiolytic-like effect of dihydrotestosterone [14]

and testosterone [17] in castrated rats, indicating that

androgen receptors may be involved in the underlying

mechanisms. Flutamide did not display any behav-

ioral effect per se in castrated rats in these studies.
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Other studies on intact rodents have shown that flu-

tamide administration induces a different behavioral

response. Systemically administered flutamide in-

duced anxiolytic-like behavior (behavioral disinhibi-

tion) in a modified Vogel’s drinking conflict model in

intact male rats [33], and flutamide exerted anticon-

vulsant effects in intact male mice [1]. The latter ef-

fect was blocked by the benzodiazepine receptor an-

tagonist flumazenil [1]. The mechanisms underlying

these anxiolytic-like and anticonvulsant effects can

only be hypothesized upon. Testosterone metabolites

may be involved in intact rats since it has been dem-

onstrated that flutamide treatment increases serum

levels of estradiol and dihydrotestosterone in intact

rats [26]. As mentioned, estradiol and the dihydrotes-

tosterone metabolite 3a-diol exert anxiolytic-like ef-

fects and 3a-diol has anticonvulsant properties [29].

Another possibility, also possible in castrated rats, is

that flutamide interacts with receptors other than an-

drogen receptors. Indeed, flutamide has been found to

displace [3H]Ro 5-4864 from translocator protein

(TSPO), previously known as the peripheral-type ben-

zodiazepine receptor [7].

The primary objective of this study was to investi-

gate whether flutamide treatment of castrated rats in-

duces anxiolytic-like behavior in a modified Vogel’s

conflict model. A second objective was to examine

whether dihydrotestosterone administration to cas-

trated rats produces anxiolytic-like effects in this

model. A third objective was to examine if the postu-

lated anxiolytic-like effect of flutamide was displayed

also in castrated rats treated with dihydrotestosterone.

Materials and Methods

Animals

A total of 74 male Wistar rats (Taconic, Ry, Denmark)

weighing 230–310 g. (8–9 weeks old) were used. The

animals were kept in controlled light-dark conditions

(light on at 7:00 a.m. and off at 7:00 p.m.) and at con-

stant cage temperature (20°C) and cage humidity

(40–50%). The animals were adapted to the animal

maintenance facilities for at least seven days prior to

the start of the experiments. The rats, housed four to

each cage (55 × 35 × 20 cm), had free access to water

and food (rat standard feed, Harlan Teklad Europe,

UK) except during experiments. All experiments were

approved by the Ethics Committee for Animal Ex-

periments, Gothenburg, Sweden and conducted in

a manner complying with the European Community

guidelines for the use of experimental animals.

Chemicals and drugs

Flutamide (Sigma, St. Louis, MO, USA) was dis-

solved in 10% ethanol in propylene glycol (Sigma, St.

Louis, MO, USA) in a similar manner as described

earlier [13]. Isoflurane (Baxter, Apoteksbolaget AB,

Sweden) was used as an anesthetic. Silastic capsules

(effective length: 40 mm, inner diameter: 1.57 mm,

SIKEMA) were filled with crystalline dihydrotestos-

terone (4-androsten-17b-ol-3-one, Sigma, cat. number

A-8380, St. Louis, MO, USA).

Castration and capsule implantation

Silastic capsules were filled with crystalline dihydro-

testosterone (see “Drugs” above) or were left empty.

Capsules were incubated in 0.9% NaCl for 24 h. They

were washed first in 70% ethanol for 30 min and then

in saline for 30 min prior to implantation. The rats

were anesthetized with isoflurane (3.5–4.0% in air)

and were castrated or sham-operated as follows. Scro-

tal incisions were performed, and the main arteries

and veins as well as the ductus deferens were located

and ligated, after which the testes were removed.

Sham-operated rats were exposed to similar scrotal

incisions. Thereafter, in the same operation, one silas-

tic capsule containing dihydrotestosterone or one

empty capsule was implanted subcutaneously (sc) in

the back. Behavioral experiments were initiated four

weeks after operation to ensure the lack of endoge-

nous androgens from the testes.

Shock-induced behavioral inhibition

In order to study shock-induced behavioral inhibition,

a modified Vogel’s drinking conflict model was used.

On the first day of the experiment, the animals were

adapted for 20 min to a Plexiglas box (inner dimen-

sions 30 × 24 × 20 cm) enclosed in a soundproof

cage. The box was equipped with a grid floor of stain-

less steel bars and a drinking bottle containing a 5.5%

(w/v) glucose solution. A 24-h period of water depri-

vation then followed in their home cages. Thereafter,
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animals were again adapted to the test-chamber for

a further 20 min with free access to the glucose solu-

tion. After another 24 h of water deprivation in home

cages, the animals were for the third time returned to the

Plexiglas box. When approaching the drinking-spout

(usually within 20 s) the animal was allowed to drink for

30 s, after which the first electric shock (0.16 mA for

two seconds) was administered to the animal by gener-

ating a current between the spout of the drinking bottle

and the grid floor. An electric shock was administered

upon each further attempt to drink. The number of

shocks accepted during a 10-min session was recorded.

All experiments were carried out between 9 a.m. and

5 p.m. Animals were tested only once.

Shock threshold and drinking motivation tests

Shock threshold and drinking motivation tests were

performed as follows. The animals were adapted to

the test-chamber (Plexiglas box) and were water-

deprived as in the modified Vogel’s drinking conflict

model described above. Each rat was then placed for

the third time in the Plexiglas box previously de-

scribed. The shock threshold was determined by

a manual stepwise increase in the current delivered

through the grid floor (0.06, 0.08, 0.10, 0.13, 0.16,

0.20, 0.25 mA) until the rat showed an avoidance re-

action to the electrical stimulus (jump, jerk or similar)

as judged by an assistant that was blind to the treat-

ment and the shock level applied. There was a 15 s

shock-free interval between each step. The current

amplitude threshold was recorded. Immediately after

this shock threshold had been determined, each rat

was placed in an individual cage with a drinking bot-

tle containing approximately 50 ml of a 5.5% (w/v)

glucose solution. The total amount of liquid (g) con-

sumed during 10 min was recorded for each rat.

Experimental design

Prior to the present experiments, pilot studies were

performed in castrated rats in order to determine ade-

quate length of the silastic capsules containing dihy-

drotestosterone. The pilot studies were accomplished

in the same manner as in Experiment 1 beneath; ex-

cept that no flutamide was administered. Rats im-

planted with silastic capsules filled with dihydrotes-

tosterone with an effective length of 13 mm or 20 mm

[32] did not display any tendency for increased

number of shocks accepted, compared with castrated

rats implanted with empty silastic capsules. However,

rats implanted with silastic dihydrotestosterone-filled

capsules with an effective length of 40 mm tended to

accept a higher number of shocks compared with cas-

trated rats with empty capsules. Therefore, silastic

capsules with an effective length of 40 mm were used

in the present experiments.

In Experiment 1, shock-induced behavioral inhibi-

tion was studied. Rats (n = 34) were randomized to

four treatment groups and were castrated. Two groups

received empty silastic capsules sc (sham) and two

groups received dihydrotestosterone-filled capsules

(DHT). The animals were injected sc with vehicle

(10% ethanol in propylene glycol) or flutamide

50 mg/kg (2 ml/kg) dissolved in 10% ethanol in pro-

pylene glycol [13]. Thus, the following treatment groups

were generated: (a) sham/vehicle, n = 9; (b) sham/fluta-

mide, n = 8; (c) DHT/vehicle, n = 9; (d) DHT/fluta-

mide, n = 8. A flutamide dose of 50 mg/kg was chosen

since this dose has been shown to induce anxiolytic-

like effects in intact rats [33]. Three weeks after cas-

tration and capsule implantation, rats were sc admin-

istered flutamide 50 mg/kg/day or vehicle for seven

days. Four hours after the last injection, rats were

tested with respect to shock-induced behavioral inhi-

bition (modified Vogel’s drinking conflict model).

In Experiment 2, shock threshold and drinking mo-

tivation were tested. Another set of rats (n = 32), were

randomized to four treatment groups in the same man-

ner as in Experiment 1, generating the following treat-

ment groups: (a) sham/vehicle, n = 8; (b) sham/fluta-

mide, n = 8; (c) DHT/vehicle, n = 8; (d) DHT/fluta-

mide, n = 8. Rats were sc administered flutamide

50 mg/kg/day or vehicle for seven days. Four hours

after the last injection, rats were tested with respect to

shock thresholds and drinking motivation.

Dihydrotestosterone is an important androgen that

restores prostate weights in castrated animals [22] and

flutamide decreases prostate weights by blocking an-

drogen receptors [24]. Therefore, in Experiment 3,

relative prostate weights were used both as a measure

for adequate dihydrotestosterone and for adequate flu-

tamide exposure. All rats from Experiment 2 (n = 32)

and sham-operated (non-castrated) rats (n = 8) treated

as in Experiment 2 were injected with flutamide or

vehicle the day after shock threshold tests and drink-

ing motivation. The animals were sacrificed four

hours after the last injection by decapitation and the

prostates were weighed.
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Statistics

The effect of dihydrotestosterone and flutamide treat-

ment on the number of shocks accepted by castrated

rats in the modified Vogel’s test (Experiment 1) and

drinking motivation (Experiment 2) was analyzed by

two-way analysis of variance (ANOVA) with dihy-

drotestosterone treatment as one factor (Factor 1: di-

hydrotestosterone; two levels: sham- or dihydrotestos-

terone treatment) and flutamide dose as the other factor

(Factor 2: flutamide; two levels: 0 or 50 mg/kg). A sig-

nificant dihydrotestosterone factor would indicate that

dihydrotestosterone treatment produced a behavioral

effect whereas a significant flutamide dose-factor

would point to a behavioral effect of flutamide. A sig-

nificant dihydrotestosterone × flutamide interaction

would indicate that the behavioral effect of flutamide

had been influenced by dihydrotestosterone treatment.

Differences between individual groups regarding the

number of shocks accepted (Experiment 1) were as-

sessed using Student’s unpaired t-tests. The shock

threshold data (Experiment 2) were analyzed using

Kruskal-Wallis ANOVA followed by Mann-Whitney

U test. Differences in relative prostate weight between

treatment groups (Experiment 3) were statistically

evaluated by means of one-way ANOVA followed by

Fisher’s protected least significant difference (PLSD)

test [12, 41]. A p value < 0.05 was considered to be

statistically significant.

Results

Experiment 1: Shock-induced behavioral

inhibition

The animals treated with dihydrotestosterone tended

to accept a higher number of shocks than sham-

treated rats, but the difference was not statistically

significant [F (1, 30) = 2.05, p = 0.16; Fig. 1]. Rats

treated with flutamide accepted more shocks than rats

treated with vehicle [F (1, 30) = 10.62, p = 0.003].

There was no significant dihydrotestosterone × fluta-

mide interaction [F (1, 30) = 0.003, p = 0.96]. Thus,

dihydrotestosterone treatment did not influence the

effect of flutamide. Flutamide induced behavioral dis-

inhibition both in rats implanted with empty capsules

(p = 0.04, unpaired t-test) and in rats treated with di-

hydrotestosterone (p = 0.03, unpaired t-test).

Experiment 2: Shock threshold and drinking

motivation tests

Neither dihydrotestosterone treatment [F (1, 28) =

0.48, p = 0.50; Tab. 1], nor treatment with flutamide

[F (1, 28) = 0.17, p = 0.69] affected drinking motiva-

tion, and there was no dihydrotestosterone × fluta-

mide interaction [F (1, 28) = 0.12, p = 0.73]. Treat-

ment with dihydrotestosterone and/or flutamide did

not affect shock thresholds either (H = 0.30, p = 0.96).
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Fig. 1. Effects of treatment with flutamide 50 mg/kg/day sc for seven
days on the number of shocks accepted by sham-treated (no DHT)
and dihydrotestosterone (DHT)-treated castrated rats (one empty or
dihydrotestosterone-filled silastic capsule implanted sc) during 10 min
in a modified Vogel’s conflict model. The last flutamide injection was
given 4 h before the behavioral test. The behavioral test was per-
formed four weeks after castration and capsule implantation (carried
out in the same operation). Shown are the means + SEM. The number
of rats in each group is indicated in the columns. Statistics: see Result
section. + p < 0.05, compared with respective vehicle group

Tab. 1. Lack of effect of dihydrotestosterone treatment (one dihydro-
testosterone-filled silastic capsule implanted sc for four weeks)
and/or treatment with flutamide 50 mg/kg/day sc for seven days in
castrated rats on shock thresholds and drinking motivation (the
amount of 5.5% glucose solution consumed during 10 min after
a 48-h period of water deprivation)

Treatment Shock
threshold (mA)

(n)

Liquid
consumption (g)

(n)

Sham Flutamide
0 mg/kg

0.21 ± 0.02
(8)

9.50 ± 0.79
(8)

Flutamide
50 mg/kg

0.20 ± 0.01
(8)

8.78 ± 0.53
(8)

Dihydrotestosterone Flutamide
0 mg/kg

0.21 ± 0.02
(8)

9.84 ± 1.50
(8)

Flutamide
50 mg/kg

0.20 ± 0.02
(8)

9.78 ± 0.76
(8)

Shown are the means ± SEM and n values (in parenthesis). Statistics:
there were no statistically significant differences between different
treatment groups in this experiment, see Result section



Experiment 3: Relative prostate weights

The relative prostate weights from Experiment 3 are

shown in Table 2 (see Table legend for statistical data).

Flutamide treatment led to decreased relative prostate

weight in dihydrotestosterone treated gonadectomized

rats, but had no significant effect on castrated rats that

were not treated with dihydrotestosterone. Moreover,

gonadectomized rats treated with dihydrotestosterone

displayed higher relative prostate weight than sham-

operated (intact) rats treated with vehicle.

Discussion

In the present study, castrated rats treated with fluta-

mide 50 mg/kg/day for seven days accepted a higher

number of shocks than vehicle-treated animals in

a modified Vogel’s conflict model. This effect of flu-

tamide was clear both in rats treated with dihydrotes-

tosterone and in rats not treated with this hormone. It

is not likely that this behavioral effect of flutamide

was secondary to unspecific effects on shock thresh-

old and/or drinking motivation, since flutamide treat-

ment did not alter drinking motivation or shock

threshold. Thus, flutamide produced anxiolytic-like

(disinhibited) behavior in castrated rats.

Flutamide decreased the relative prostate weights

in dihydrotestosterone-treated castrated rats, indicat-

ing an adequate flutamide exposure in the present

study. In rats that were not treated with dihydrotestos-

terone, however, flutamide did not significantly affect

prostate weights, most likely due to very low prostate

weights in these animals.

The previously reported study, showing that fluta-

mide has anxiolytic-like properties [33], was carried

out in non-castrated rats. According to my knowl-

edge, the present study shows for the first time a be-

havioral effect of flutamide in castrated animals. The

present results therefore indicate that the behavioral

disinhibiting effect of flutamide is not dependent on

testosterone produced by the testes.

The underlying mechanisms by which flutamide

exerts the presented anxiolytic-like properties can

only be speculated upon. Testosterone and other ster-

oids are not only produced by peripheral organs (tes-

tes, adrenals, ovaries) but also by the central nervous

system [3, 21], referred to as neurosteroids [21]. It is

known from an earlier study that flutamide binds to

the mitochondrial translocator protein (TSPO; [7]),

but the outcome of this binding is unknown. TSPO is

important for the regulation of cholesterol access

needed for steroid synthesis in different organs, in-

cluding the brain [10]. Several TSPO ligands have

anxiolytic-like properties by stimulating the produc-

tion of neurosteroids in the brain [5, 9, 11, 27, 30, 38,

40]. Thus, it is possible that flutamide exerts its

anxiolytic-like effect by acting as a TSPO ligand.

Such a potential role of TSPO in the flutamide-

mediated anxiolytic-like effect will require further in-

vestigations.

Flutamide produced anxiolytic-like behavior also

in castrated rats treated with dihydrotestosterone, and

there was no significant dihydrotestosterone × fluta-

mide interaction (Experiment 1; see Results), indicat-

ing that treatment with the androgen receptor agonist

dihydrotestosterone, did not influence the effect of

flutamide. Taken together, androgen receptors, which

are present in several peripheral organs as well as in

the brain [8, 37], were most likely not involved in the

anxiolytic-like effect of flutamide.

Dihydrotestosterone has been shown to have

anxiolytic-like effects in several studies [14–16, 19],

but in the current experiments there was only a non-

statistically significant tendency of dihydrotestoster-

one to induce anxiolytic-like behavior (see Fig. 1).

Serum concentrations of dihydrotestosterone were not
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Tab. 2. Effects of dihydrotestosterone (DHT) treatment (one
dihydrotestosterone-filled silastic capsule implanted sc for four
weeks) and/or treatment with flutamide 50 mg/kg/day sc for 8 days)
on relative prostate weights (prostate weight in mg divided by body
weight in 100 g) in castrated rats compared with sham-operated con-
trols

Treatment Relative prostate weight (mg/100g)
(n)

Sham-operation/no DHT/vehicle 128.1 ± 12.8 (8)

Castration/no DHT/vehicle 9.9 ± 2.2 (8)

Castration/no DHT/flutamide 4.7 ± 1.5a (8)

Castration/DHT/vehicle 168.8 ± 18.9b (8)

Castration/DHT/flutamide 64.5 ± 6.8c (8)

Shown are the means ± SEM and n values (in parenthesis). Statistics:
one-way ANOVA F (4, 35) = 45.52, p < 0.0001 followed by Fisher’s
PLSD: a p = 0.73, compared with castration/no DHT/vehicle, b p =
0.01, compared with sham-operation/no DHT/vehicle, c p < 0.0001,
compared with castration/DHT/vehicle



measured in the present study, and the amount of di-

hydrotestosterone delivered through the silastic cap-

sules was not estimated. However, since hormone

treatment increased prostate weight [22] to an extent

even higher than in sham-operated (non-castrated)

rats, there was likely an adequate exposure of dihy-

drotestosterone in the present study,. The reason why

dihydrotestosterone did not have a clear anxiolytic-

like effect in the present study, in contrast to previous

studies [14–16, 19], may be due to differences in

methodological design. In one study [16], dihydrotes-

tosterone was administered by a single sc injection,

while in two other studies rats were treated with dihy-

drotestosterone for two days through silastic capsules

[14, 19]. In a fourth study [15], the duration of dihy-

drotestosterone treatment was not clearly described.

In the current study, dihydrotestosterone was adminis-

tered for four weeks through silastic capsules. Differ-

ences in duration of dihydrotestosterone-treatment

may be of importance, since anxiolytic-like effects of

continuous testosterone exposure are evident after

one, but not two, weeks of treatment [6]. Moreover, in

previous studies open field and elevated plus-maze

were used as anxiety models [14–16, 19], whereas

a modified Vogel´s drinking conflict model was used

in the present investigation.

In conclusion, flutamide induced anxiolytic-like

behavior in a modified Vogel’s conflict model in cas-

trated rats, both in the presence and absence of dihy-

drotestosterone capsules. Moreover, dihydrotestoster-

one did not induce a statistical significant anxiolytic-

like effect.
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