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Abstract

The present study investigated whether a relationship exists between nandrolone decanoate and voluntary ethanol intake in laboratory rats.
Animals were subjected to daily subcutaneous injections with nandrolone decanoate (15 mg/kg) during 2 weeks. One group of animals was
tested for voluntary alcohol intake 1 week after the end of the 2-week treatment period and another group received alcohol 3 weeks after the
treatment. In addition, assessment of defensive behaviors and immunoreactivity (ir) levels of the brain opioid peptides dynorphin B and Met-
enkephalin-Arg-Phe (MEAP) were performed. The nandrolone decanoate-treated animals were significantly more aggressive and showed
lower fleeing and freeezing reaction than the oil-treated controls. Treatment with nandrolone decanoate enhanced voluntary alcohol intake,
regardless if it was presented 1 or 3 weeks after end of the treatment period. These animals had a decreased activity of dynorphin B-ir in the
nucleus accumbens, decreased levels of MEAP-ir in the periaqueductal gray (PAG) and higher levels of MEAP-ir in the hypothalamus
compared to controls. In line with previous studies, this suggests that the altered dynorphin B-ir activity may promote the rewarding effects of
ethanol and thereby increasing alcohol intake, whereas MEAP-ir may be associated with the ability to control the aggressive reaction. Abuse
of nandrolone decanoate may thus constitute a risk factor for increased alcohol consumption and defensive aggression. In human, this
constellation of behavioral symptoms is closely related to acts of crimes and violence and is often observed among those abusing anabolic
androgenic steroids. © 2000 Elsevier Science Inc. All rights reserved.
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Anabolic androgenic steroids (AAS) have become
widely used and abused not only by professional athletes,
but by recreational athletes as well. AAS have both ana-
bolic (protein-synthesizing) and androgenic (masculinizing)
action in the body [55]. It has been reported that some
athletes consume AAS in massive quantities (10—100 times
the therapeutic dose) in order to enhance physical perfor-
mance, improve strength and increase muscle mass
[30,32,55]. It is also common that athletes combine differ-
ent AAS substance with each other (stacking) and with
other doping agents [21].

Chronic steroid use causes several physical side effects
such as heart disease, high blood pressure, liver dysfunction
and severe acne [39]. In addition, prolonged abuse of AAS
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also leads to adverse effects on mental health. For example,
personality changes, extreme cases of aggressive behavior
and unprovoked rage attacks, known as roid rage, have been
reported after abuse of AAS [10,16,28,32,56]. Furthermore,
AAS abuse has been connected with crimes and acts of
violence [6,10]. Animal experimental studies have also
shown that AAS treatment results in a significant increase
in aggression [8,31]. A common method for activating
defensive aggression is the use of a predator that attacks
or threats the experimental animal. In the present study,
defensive aggression was operationalized as defensiveness
elicited by innocuous stimuli [1]. Recent studies have
shown that different types of brain damage produces un-
controllable rage attacks in response to innocuous stimuli
such as the experimenter [3,13,24]. Additionally, we exam-
ined whether nandrolone decanoate exposure was associated
with alterations in fleeing and freezing, two other expres-
sions of the defensive motivational system [5].
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During recent years, concurrent abuse of AAS with other
drugs has been observed among teenagers and adults not
connected to sport [12,27,33]. Whether abuse of other drugs
may constitute a risk factor for misuse of AAS, or vice
versa, is still unknown. In the present study, we tested the
hypothesis that exposure of nandrolone decanoate induces
high intake of alcohol when ethanol was presented in a free
choice situation. More specifically, one group of animals
was tested for voluntary alcohol intake 1 week after a 2-
week treatment period with daily injection of nandrolone
decanoate and another group received alcohol 3 weeks after
the end of AAS treatment period. These two time intervals
were selected because recent evidence have suggested that
AAS steroids may give rise to long-term effects on various
central nervous system function [33].

Recent studies suggest that AAS interact with the brain
reward system [9] by affecting the endogenous opioid
peptide system [37]. For example, when using radioimmu-
noassay (RIA) procedures, it has been shown that nandro-
lone decanoate treatment increases immunoreactivity (ir)
levels of 3-endorphin, dynorphin B and Met-enkephalin-
Arg-Phe (MEAP) in various brain area [25,26]. Also alcohol
has been shown to interact with the endogenous opioid
peptide system (e.g. Refs. [17,22,54]). Thus, ir-levels of the
opioid peptides dynorphin B and MEAP were examined in
various brain tissues known to be involved in the reward
system. Dynorphin B-ir may serve as a marker of the
activity of the endogenous kappa-opioid system whereas
the MEAP-ir is a marker of activity mediated through the
mu- and delta-opioid receptors [17,52,53].

1. Methods
1.1. Animals

Male Wistar rats purchased from Mollegard Breeding
Laboratories (Denmark) served as subjects. They were 80—
90 days of age and weighing 250—300 g at the beginning of
the experiments. Animals were housed in an air-conditioned
colony room (lights-off 10:00 A.m.—10:00 pMm.) at a tem-
perature of 23°C and a humidity of 50—60%. The rats had
free access to water and R34 food pellets (Labfor, Lactamin,
Vadstena, Sweden). The animals were initially housed in
groups of four per cage (clear plastic cages; 53 x 31 x 25
cm) for 2 weeks to adapt to the novel laboratory conditions
before the experiments started. The experiments were ap-
proved by the local ethical committee of the Swedish
National Board for Laboratory Animals.

1.2. AAS treatment

Animals were randomly divided into two groups, each
consisting of 20 rats. One group received daily injections
(sc) of nandrolone decanoate (Deca-Durabol®, Organon,
Oss, Netherlands) of 15 mg/kg for 14 days. This dose affects

the neurochemistry in the rat brain [25,26,37]. The other
group of animals was given daily injections of oil (sterile
arachidis oleum) for 14 days and served as controls.

1.3. Behavioral tests

Tests for defensive behaviors (fleeing, freezing and
aggression) were conducted immediately after the end of
the 2-week treatment period with nandrolone decanoate.
Thereafter, the AAS and control groups were each randomly
divided in two subgroups. One subgroup from the AAS
(n=10) and one from the control group (n=10) were tested
for voluntary ethanol intake 1 week after the last nandrolone
decanoate injection. The remaining AAS (n=10) and con-
trol (n=10) subgroups were tested 3 weeks after the last
injection. A second test for defensive aggression was
performed immediately after the end of alcohol consump-
tion period (i.e. 6 or 8 weeks after the last nandrolone
decanoatetreatment injection). All behavioral tests were
conducted during the dark phase of the light—dark cycle.

1.3.1. Fleeing and freezing

The rat was lifted by its tail from the home cage, placed
in an opaque holding cage and carried to the test room. The
rat was placed in a circular Plexiglas cage (diameter 39 cm)
with the floor covered by filter paper which was divided by
two lines to form four 90° sectors (e.g. Refs. [13,20]). The
cage was enclosed in a soundproof test chamber. The test
chamber was illuminated by a 15-W white light bulb,
suspended together with a door bell under the chamber
roof. The behavior of the animal was observed through a
Plexiglas window on the front wall. The rat was allowed 5
min adaptation period in the test chamber. During that time,
the following open-field behavioral items were observed:
first crossing (latency to leave the sector where the animal
was first placed), locomotor activity (number of lines
crossed by the hind legs), rearing (number of raisings on
hind legs), grooming (cumulative time recorded) and defe-
cation (number of boli deposited). After the adaptation
period, the door bell (95 dB) was subsequently sounded
for 6 s and the rat would attempt to flee. The number of lines
crossed by the animal during the signal was recorded and
used as a measure of flight distance. Concurrently with, or
slightly before the termination of the bell signal, the rat
freezed. In both cases, the duration of freezing reaction was
defined as beginning at the cessation of the bell sound and
ending with the first distinct movement of some part of the
body (usually the head), excluding eye blinks and respira-
tory or vibrissae movements.

1.3.2. Defensive aggression

For the defensive aggression tests (i.e. reactivity to
experimenter), the rat was lifted by its tail and placed in a
Plexiglas cage (60 x 31 x41 cm high) and allowed to
habituate for 30 s. The rats’ reaction to four different stimuli
was then assessed (modified from Refs. [3,13,29]): (a) a
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wooden rod was slowly moved to approach and touch the
rat’s snout (0: no response or sniffs at the rod; 1: intermit-
tently bites or attacks the rod and/or adopts a defensive
upright posture; 2: continuously bites/attacks the rod); (b)
startle to an air puff (air blown from a 50-ml syringe) at the
back (0: no response or some movement; 1: jumping
response; 2: exaggerated jumping response); (c) poking
with wooden rod at the flanks (0: no response or sniffing
at the rod; 1: defensive upright posture; 2: defensive upright
posture together with biting/attack); and (d) capturing with a
gloved hand (0: very easy to capture; 1: easy to capture but
some resistance and/or prolonged vocalization; 2: difficult
to capture because of escape; 3: difficult to capture because
of attacking or biting; 4: very difficult to capture because of
continuous violent attacks/bites). The averages of the total
scores (maximum total score 10) from each individual
stimuli test was used in the statistical calculations.

1.3.3. Voluntary alcohol intake

One subgroup from the AAS (n=10) and one from the
control group (n=10) were given continuous access to a
second bottle containing an ethanol solution, in addition to
the water bottle, 1 week after the last nandrolone decanoate
injections. The ethanol concentration was gradually in-
creased (2—4—6% v/v) over a 2-week period. The animals
were subsequently housed individually in clear plastic
cages (42 x25x 14 cm) during 3 consecutive weeks.
During this time, animals had continued access to two
bottles (plastic 300-ml bottles with ballvalve spouts;
ALAB, Sweden) containing tap water or 6% ethanol solu-
tion. This particular ethanol concentration stimulates peak
levels of consumption in the present strain of rats [19].
Fluid consumption was recorded daily at 9:00 A.m. and the
bottles were cleaned and refilled with fresh beverages twice
a week. Ethanol intake is expressed as gram per kilogram
per day (g/kg/day) of absolute ethanol, and ethanol pre-
ference as, i.e. proportion of ethanol solution intake relative
to total fluid consumption in percent. The remaining AAS
(n=10) and control (n=10) subgroups were tested for
voluntary ethanol intake 3 weeks after end of the period
of nandrolone decanoate injections.

1.4. Biological measurements

1.4.1. Tissue dissection

Before decapitation, ethanol solution was removed to
give the animals a 3-day alcohol washout period. All
animals were decapitated in a separate room. The systemic
effect of the nandrolone decanoate was investigated by
weighing the wet thymus gland. It is well known that
steroids bind to glucocorticoid receptors in thymus and by
a negative feedback mechanism induce a thymus atrophy
[2,15]. Brains were also rapidly dissected out using a brain
matrix (Activational System, Mortella Drive Warren, MI,
USA) and immediately placed on dry ice. The tissue parts
(hypothalamus, nucleus accumbens, striatum and periaque-

ductal gray [PAG]) were put into eppendorf tubes and kept
at —80°C until further analysis of the opioid peptide
concentrations of dynorphin B and MEAP were assessed.

1.4.2. Preparation of brain tissue sample

Tissue samples from each independent rat were homo-
genized in 1 M heated acetic acid (90°C) as described
elsewhere [7]. The hypothalamus, nucleus accumbens and
PAG were homogenized by ultrasonification in a volume of
500 pl, whereas the striatum was homogenized in 1 ml
acetic acid. The homogenates from all tissues were centri-
fuged at 12000 x g for 20 min (4°C). Following centrifuga-
tion, the supernatants were diluted (1:1) with 0.1 M formic
acid and 0.018 M pyridine, pH 3.0 (buffer I). Small plastic
columns were packed with SP-Sephadex C-25 (packed gel
volume=1 ml) and washed with 20 ml buffer I before the
sample were added. After additional washing with 10 ml
buffer I, the fraction containing MEAP was eluted in 4 ml of
0.35 M formic acid and 0.35 M pyridine, pH 4.4 (buffer III).
Eluation of dynorphin B containing material was done with
4 ml of 1.6 M formic acid and 1.6 M pyridine, pH 4.4
(buffer V) after additional washing with 6 ml buffer III. All
buffers (I, III and V) contained 0.01% mercaptoethanol. The
eluate samples were evaporated in a Speed Vac centrifuge
(Savant, Hicksville, NY, USA) and subsequently analyzed
by RIA.

1.4.3. Radioimmunoassay

The dynorphin B was measured in fraction V from the
ion exchange procedure. The dynorphin B RIA was based
on the double-antibody precipitation [40]. Briefly, the
sample or standard peptide (25 pl), dissolved in metha-
nol/HCI 0.1 M (1:1) was incubated with 100 pl of anti-
serum and 100 pl of labeled peptide (5000—5500 cpm/100
pl) for 24 h. After the 24-h incubation with antiserum and
labeled peptide, the samples were incubated 1 h (4°C) with
100 pl of sheep anti-rabbit antiserum (Pharmacia decanting
suspension 3, Pharmacia Biotech, Uppsala, Sweden), to
separate free and antibody-bound peptide. Following cen-
trifugation the radioactivity in the pellets was counted in a
gamma counter.

Before analysis by the MEAP RIA, the evaporated tissue
extracts from fraction III were oxidized by dissolving in 100
ul, 1 M acetic acid and incubated for 30 min at 37°C with 10
ul 30% H,0,. The samples were evaporated a second time
and redissolved in methanol/HCI 0.1 M (1:1). The MEAP
RIA was based on the charcoal absorption technique
[40,50]. After the 24-h incubation with the sample or
standard, antiserum and the labeled peptide, a charcoal
suspension (250 and 25 mg dextran T-70 in 100 ml of
0.05 M sodium phosphate buffer) was added to the samples
(200 pl/sample). This was incubated for 10 min and there-
after centrifuged for 1 min. The radioactivity in the super-
nate (300 pl) was counted in a gamma counter.

All antisera were raised in rabbits against the peptide—
thyroglobulin conjugate as described in Glamsta et al. [18].
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The MEAP antiserum (90-3DII) was raised against the
oxidized analogue of MEAP, the final dilution in the RIA
was 1:70,000. The cross-reactivity of the MEAP antisera
was less than 0.1% with Met-enkephalin, Met-enkephalin-
Lys®, Leu-enkephalin-Arg® and Leu-enkephalin [40,50].
The final dilution of the dynorphin B antiserum (113B)
was 1:330,000. The cross-reactivity with dynorphin 32 was
100% and with dynorphin B 29% [40].

1.5. Statistics

Between-group comparisons of defensive behaviors and
biological measurements were employed by the Student’s z-
test (StatView, Abacus). For within-group comparisons,
paired t-test was used. The data are presented as mean -
standard error of the mean (SEM). Because the distribution
of ethanol intake is too skewed [19] to permit statistical
testing with parametric tests, nonparametric methods
(Mann—Withney U-test and Wilcoxon matched-pairs
signed-ranks test; [S1]) were used in the statistical treatment
of the drinking data. Results of drinking data are presented
as median+median absolute deviation (MAD; i.e. the
median of the set of differences between each data point
and the median of the data). Two-tailed levels of signifi-
cance were used in all statistical calculations.

2. Results
2.1. Fleeing and freezing

The results of the open-field behavior tests are shown in
Table 1. AAS animals displayed prolonged latency to leave
the sector (first crossing) compared to controls (¢=3.23,
p<0.01). AAS rats also showed significantly less locomo-
tor activity and rearing behavior than the control group
(t=17.77, p<0.0001; t=3.35, p<0.01, respectively). No
group differences were observed in numbers of boli depo-
sited or amount of grooming behavior.

The flight reaction (number of lines crossed) during the
door bell signal was less in the AAS group than in the
control group (¢=3.33, p<0.01; Fig. 1, upper panel) and the

Table 1

Mean + SEM of performance of various open-field behaviors (first crossing,
locomotion, rearing, defecation and grooming) in rats treated with the AAS
(n=20) nandrolone decanoate (daily injections of 15 mg/kg for 14 days) or
with oil (controls; n=20)

AAS Controls
First crossing (latency, s) 354+£89%** 6.6+0.9
Locomotion (number of crossings) 12.9+1.84%** 31.5+1.52
Rearing (frequency) 11.8£1.1%* 16.8+1.0
Defecation (number of boli) 4.4+0.6 3.5+0.6
Grooming (cumulative time, s) 52+2.0 5.0+£0.9

** p<0.01 vs. controls (Student’s #-test).
*** p<0.001 vs. controls (Student’s t-test).
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Fig. 1. Mean+SEM of flight reaction (number of lines crossed; upper
panel) and duration (s) of freezing reaction (lower panel) in rats treated with
the AAS (n=20) nandrolone decanoate (daily injections of 15 mg/kg for 14
days) or with oil (controls; n=20). *** p<0.001 (Student’s r-test).

freezing reaction was shortened in the AAS group compared
to controls (1=2.79; p<0.01; Fig. 1, lower panel).

2.2. Defensive aggression

As seen in Fig. 2, AAS animals showed more defensive
aggression immediately after the end of the 2-week injec-
tion period and after the 3-week alcohol consumption
period than controls (r=5.92, p<0.001; t=6.04,
p<0.001, respectively). Table 2 shows the reactivity scores
on individual tests. AAS animals differed significantly from
the control group on all individual tests at both test
occasions, except in their reactivity toward the approaching
rod. There were no significant differences in the second test
of defensive aggression between the two subgroups of AAS
treated animals (conducted immediately after end of the
alcohol consumption period, i.e. 6 or 8 weeks after last
nandrolone decanoate injection), or between the two sub-
groups of controls.
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Fig. 2. Mean+SEM of defensive behavior in rats treated with the AAS
(n=20) nandrolone decanoate (daily injections of 15 mg/kg for 14 days) or
with oil (controls; n=20). Test I: immediately after the end of the 2-week
AAS injection period; Test II: immediately after the end of the 3-week
alcohol consumption period. * * * p<0.001 (Student’s #-test).

Within-group comparisons showed that the AAS animals
were most aggressive on the first test occasion (¢=2.79,
p<0.02), with significantly higher scores on the individual
test ‘flank prods’ (¢=3.19, p<0.01) and ‘capturing’
(t=2.66, p<0.02). There were no within-group differences
for the control rats.

Table 2

Mean + SEM defensive aggression in response to an approaching rod, an air
puff, flank prods and capturing with gloved hand in rats treated with the
AAS (n=20) nandrolone decanoate (daily injections of 15 mg/kg for 14
days) or with oil (controls; n=20)

Test I Test 1T
Approaching rod
AAS 0.00+0.00 0.00+0.00
Controls 0.00£0.00 0.00+0.00
Air puff’
AAS 0.30+£0.13* 0.20+0.09 *
Controls 0.00+0.00 0.00+0.00
Flank prods
AAS 0.65+£0.11*** 0.30+0.10* *
Controls 0.00+0.00 0.00+0.00
Capturing
AAS 320£0.14% ** 2.85£0.13***
Controls 0.35+0.11 0.20+0.09

Test I: immediately after the end of the 2-week AAS injection period;
Test II: immediately after the end of the 3-week alcohol consumption period.

* p<0.05 vs. controls (Student’s z-test).

** p<0.01 vs. controls (Student’s r-test).

*** p<0.001 vs. controls (Student’s #-test).
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Fig. 3. Median+ MAD ethanol intake (expressed as g/kg/day of absolute
ethanol) during 3 weeks in rats treated with the AAS (»=20) nandrolone
decanoate (daily injections of 15 mg/kg for 14 days) or with oil (controls;
n=20). * p<0.05 (Mann—Whitney U-test).

2.3. Voluntary alcohol intake

There were no significant differences in alcohol intake
between the two subgroups of AAS-treated animals (i.e.
tested for voluntary ethanol consumption 1 or 3 weeks after
the end of the injection period), or between the two
matching control subgroups. Thus, subgroups were there-
fore combined to their original cohorts (AAS: n=20;
controls: n=20).

As seen in Fig. 3, there was no significant differences in
ethanol intake during the first week between AAS and
control animals. However, AAS animals drank more ethanol
during the second week (U=126, p<0.05) and the last
week (U=105, p<0.02) compared to the controls. There
were no significant alteration in total fluid, water intake and
ethanol preference, except for week 3; AAS animals sig-
nificantly increased their preference for ethanol compared to
control animals (U= 125, p<0.05; Table 3).

Table 3

Median+ MAD ethanol preference (% of total fluid intake), total fluid
intake (ml/kg/day) and water intake (ml/kg/day) during 3 weeks in rats
treated with the AAS (n=20) nandrolone decanoate (daily injections of 15
mg/kg for 14 days) or with oil (controls; n=20)

Week 1 Week 2 Week 3
Ethanol preference
AAS 39.8+24.6 56.9+26.5 65.4+21.4%
Controls 29.5+11.9 34.7+9.9 35.72+8.8
Total fluid intake
AAS 27.9+54 27.8+9.6 37.1+11.0
Controls 255439 24.7+6.8 26.8+6.6
Water intake
AAS 16.0+6.3 13.94£9.0 19.9+13.3
Controls 21.7+4.6 27.1+4.9 29.8+6.1

* p<0.05 vs. controls (Mann—Whitney U-test).
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In comparison to the first week, there was a gradual
increase in alcohol consumption within the AAS group over
the subsequent weeks, which was significantly enhanced
during the third week (ethanol intake: r=2.37, p<0.02;
ethanol preference: t=2.01; p<0.05; total fluid intake:
t=2.73, p<0.01). Water intake did not change significantly
during the corresponding period. There were no within-
group differences in fluid intakes over the subsequent weeks
for the control rats.

2.4. Biological measurements

There were no differences in body weight between the
AAS and control animals at the start of the experiment
(268+9 and 271+6 g, respectively). Throughout the ex-
periment period, the AAS-treated group did not gain as
much weight as the controls. Thus, at decapitation, the body
weights of the formerly AAS-treated rats were 336+7 g and

25+
B
é 50- [] Controls
E W 2AS
= T
S 154
210
'45_ T %
g 54 ¥
>
Q -
0
Nucleus Hypo- Striatum PAG
accumbens  thalamus
*
50
T
mn
5 404 i
0 T
£ 30- :
o
g
s T
= 204
a,
<
o
= 10+
0
Nucleus Hypo- Striatum PAG
accumbens  thalamus

Fig. 4. Mean+ SEM of ir-levels of dynorphin B (upper panel) and MEAP
(lower panel) in rats treated with the AAS (»=20) nandrolone decanoate
(daily injections of 15 mg/kg for 14 days) or with oil (controls; n=20).
* p<0.05; ** p<0.01 (Student’s z-test).

controls were 417+£8 g (1=3.67, p<0.0001). The systemic
effect of nandrolone decanoate treatment was measured by
weighing the thymus gland. A significant reduction in
thymus weight was observed in the AAS animals
(27.2+1.9 mg/100 g body weight) compared to controls
(105.5+4.7 mg/100 g body weight; t=15.45, p<0.0001).

The results showed that the nandrolone decanoate treat-
ment decreased levels of dynorphin B-ir in nucleus accum-
bens compared to the controls (1=3.36, p<0.01; Fig. 4). A
decreased level of the peptide MEAP-ir was observed in
PAG in the AAS animals compared to controls (#=2.04,
p<0.05), whereas AAS animals had a higher level of
MEAP-ir in the hypothalamus compared to controls
(t=2.44, p<0.02; Fig. 4). No other significant differences
were observed.

3. Discussion

The present study examined the effects of nandrolone
decanoate on defensive behaviors, voluntary alcohol con-
sumption, brain opioid peptides and thymus weights. The
results show that exposure to nandrolone decanoate affects
defensive behavior in rats. Specifically, AAS-treated ani-
mals were significantly more defensive aggressive when
exposed to innocuous stimuli (i.e. reactivity to experimen-
ter) as compared to controls. This effect sustained several
weeks after end of the nandrolone decanoate treatment. It
may be argued that the enhanced aggression, observed after
the ethanol intake period, is due to alcohol consumption.
Bergvall et al. [3], however, recently found that there is no
relationship between high alcohol intake and defensive
aggression in untreated rats. On the other hand, it is
possible that ethanol reinforces the effect of AAS on
behavior. In fact, an increased anger has been observed in
AAS abusers with concurrent intake of alcohol (e.g. Ref.
[33]). Furthermore, the present results of enhanced aggres-
sion are in line with earlier reports showing that aggressive
behavior is affected by AAS in rodents [8,31,34-36],
monkeys [23,46,47] and in humans [10,16,28,32,42—
45,56]. Interestingly, it is suggested that defensive aggres-
sion, rather than social aggression (i.e. natural states of
aggressiveness towards conspecifics; [4]), may constitute
the closest approximation to human aggression in nonpri-
mate species [1].

The AAS-treated animals exhibited less locomotor activ-
ity in a novel situation than controls. This is in contrast to
earlier studies reporting no main effect of steroid treatment
on activity [8,38]. A likely reason for this discrepancy is that
the present study assessed locomotor activity during the
dark phase of the light—dark cycle when animals are
naturally awake and peak levels of corticosterone is in-
creased [14]. Thus, it is possible that tests performed during
the light phase of the light—dark cycle eliminates possible
differences between experimental and control animals. In
fact, observations from our laboratory have shown no
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difference in locomotor activity between animals with high
or low preference for ethanol after an amphetamine injection
when tested during the light phase (unpublished data),
whereas an amphetamine-induced hyperactivity was ob-
served in the high preferring group when tested during the
dark phase [15]. When testing the two other expressions of
the defensive motivational system, fleeing and freezing [5],
the AAS group in contrast to the controls showed less
escape responses and lower freezing reaction. The latter
behavior is a naturally occurring defense reaction, presum-
ably reflecting fear in a threatening situation (e.g. the like-
lihood of detection by predators guided by visual cues). Due
to its sensitivity to the anxiolytic drug diazepam [20], the
freezing reaction may be classified as fear/anxious reaction.
The decreased duration of the freezing reaction in the AAS
rats therefore suggests a lower potential for fear reactions in
a threatening situation.

The enhanced alcohol intake in the AAS group as
observed in this study is of particular interest since it has
been observed among teenagers and adults, not connected to
any sport, a concurrent abuse of AAS and other drugs such
as alcohol (e.g. Refs. [12,27,33]). Whether abuse of other
drugs may constitute as a risk factor for misuse of AAS, or
vice versa, is unknown. Our results from the present study,
however, is to our knowledge the first to report that abuse of
nandrolone decanoate may constitute as a risk factor for
onset of enhanced alcohol consumption later on in life. It is
therefore important to further investigate if this association
could be replicated, not only with alcohol but also with
other drugs of abuse.

The increased ethanol intake can be related to the effect
of AAS on the endogenous opioid system, especially those
related to the reward system. Results show that the activity
of dynorphin B-ir was lowered in the nucleus accumbens. A
decrease in kappa-agonist like dynorphin B-ir in this area of
the brain would be compatible with an increase in the
dopaminergic activity [11] leading to reward and euphoria.
Therefore, it is possible that the altered dynorphin B-ir
activity may, in interaction with the dopaminergic system,
promote the rewarding effects of ethanol and reinforce the
act of drinking, and thereby increasing alcohol intake. In
addition, it has been found that administration of kappa
opioid agonist decreases ethanol preference and this effect
was reversed by administration of a kappa antagonist [48].
Repeated administration of ethanol has been shown not to
effect the expression of neither preprodynorphin nor pre-
proenkephalin mRNA in the rat [35]. Therefore, the found
effect on the dynorphin B-ir (but also MEAP-ir) is not likely
to be mediated by ethanol itself, but possibly by the
nandrolone decanoate pretreatment or the combination of
nandrolone decanoate and ethanol.

The effect of nandrolone decanoate on the opioid peptide
MEAP-ir may affect other dimensions of behaviors. For
instance, the decreased MEAP-ir in PAG may be associated
with reduced ability of this system to control the aggressive
reaction. In fact, it has been shown that enhanced enkepha-

lin activity within the PAG suppresses defensive aggression
in cats [49]. The enhanced activity of MEAP-ir in the
hypothalamus may reflect an increased enkephalin response
to stress [41]. The fact that the opioid peptide system of the
AAS animals remained affected up to about 8 weeks after
last nandrolone decanoate injection is in line with a recent
study by Johansson et al. [25] showing that treatment with
nandrolone decanoate induces increased levels of endogen-
ous kappa- as well as mu/delta-opioid receptor agonists in
brain areas such as the hypothalamus and PAG.

It should be noted that one of the limitations with the
RIA technique is the difficulty to determine whether the
found increase in immunoreactivity correspond to an in-
creased secretion or biosynthesis of the neuropeptides.
However, based on the chronic treatment, we believe that
the altered levels seen in this study correspond to an
increased biosynthesis. The fact that the altered levels
remained in some tissues after the recovery period further
supports this hypothesis, since an increased secretion is
more likely to be an acute effect.

Taken together, the present study indicates that chron-
ical treatment of nandrolone decanoate affects the opioid
peptide system, which is related to various behaviors such
as voluntary intake of alcohol and defensive behaviors.
Furthermore, these findings suggest that abuse of nandro-
lone decanoate may constitute a risk factor for enhanced
alcohol consumption and defensive aggression. In human,
this constellation of behavioral symptoms is closely related
to acts of crimes and violence and is often observed
among those abusing AAS. Further studies are needed in
order to clarify the relationship between AAS, other drugs
of abuse and behavior, and the long-term effects on
various brain functions.
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