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Available Online: 01 Nov 2017 abused by adolescents. Previous studies suggested that nandrolone changes learning and
memory; however, the underlying mechanism is unclear. Therefore, the present study evaluated
the role of P450 aromatase and castration on spatial learning and memory changes induced by
nandrolone in adolescent male rats.
Materials and Methods: This study used the Morris water maze to evaluate spatial learning
and memory. The experimental groups received DMSO as control groups and different
doses of nandrolone (10, 30 and 60 ug/ 2.5 uL), anastrozole (2.5, 5 and 10 pg/ 2.5uL), and
anastrozole (2.5 pg/ 2.5 pL) + nandrolone (60 pg/ 2.5 pl) all days before the training. The rats
of ninth and tenth groups were castrated and treated with 2.5 pL of DMSO and nandrolone
(60 pg), respectively for 4 days.
Results: Both nandrolone and anastrozole decrease in escape latency and traveled distance
(P<0.05). Furthermore, the escape latency and traveled distance in the group which received
anastrozole (2.5 pg) + nandrolone (60 ug) were significantly lower than that of the control group
(P<0.05). Additionally, castration had no effect on escape latency and traveled distance, but it
abolished the improvement effect of ND.

Keywords: Conclusion: Nandrolone improved spatial learning and memory, but castration could abolish

Nandrolone, Spatial memory, nandrolone-induced spatial learning and memory improvement. These results indicate the effect

Anastrozole : of nandrolone on learning induced by changes in gonadal function.
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1. Introduction

he abuse of Anabolic Androgenic Steroids

(AASs) by athletics for aesthetics purposes

have increased among adolescents during re-

cent decades [1]. Adolescents are more sus-

ceptible to the deleterious effects of AASs,
compared to adults [2]. Nandrolone Decanoate (ND) is
one of the most popular AAS compounds that are majorly
abused [3]. ND impairs learning and memory in adults [1,
4]; however, the underlying mechanism is unclear. Litera-
ture which describes the effects of androgenic compounds
on the spatial learning and memory of animals and hu-
mans are contradictory. Some evidence has suggested that
the intrahippocampal microinjection of testosterone or
their metabolites can impair spatial learning and informa-
tion retention [5, 6]. Contrarily, several studies indicated
that chronic treatment with androgens has improved spa-
tial memory [7, 8].

This discrepancy may arise from the point that the intra-
hippocampal microinjection of androgens has more region-
specific effects than systemic treatment. Moreover, the
systemic treatment of androgens has a longer half-life than
intrahippocampal injection. Therefore, the intracerebro-
ventricular injection of ND could expose all the brain to ND
for only a short time. Kouvelas et al. argued that injected
ND (with doses 15 mg/ kg subcutaneously, once daily for 6
wk) induced anxiolytic-like behavior, impair social memory
via activating central androgen receptors (AR) [4].

The androgenic receptor is not necessarily the only
mechanism of action for ND in the Central Nervous Sys-
tem (CNS). ND can also be converted to estrogen through
oxidation and the subsequent elimination of methyl groups
[3]. Therefore, another mechanism of ND on memory may
be mediating estradiol and the effect of aromatase which
converts ND to estradiol. However, data about the role of
P450 aromatase in the mediation of ND effects on spatial
learning and memory are scarce. Therefore, this assump-
tion was investigated by the application of anastrozole as
an aromatase inhibitor. Additionally, ND stimulates aroma-
tase activity to the conversion of intrinsic testosterone to
estradiol [9, 10].

Previous studies reported that testosterone may change
spatial learning through conversion to estradiol by P450
aromatase [6]. This mechanism could partially mediate the
effect of ND on spatial learning and memory. Moreover,
ND administration increases testosterone plasma level
through influencing hypothalamus-hypophysis-gonads axis
[11]. The improvement effect of systemic testosterone on
spatial learning and memory is well documented [7, 8, 12].
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Therefore, ND might affect spatial learning and memory
by elevating plasma testosterone level. Consequently, this
study evaluated the effect of castration on spatial learning
and memory changes induced by ND. Briefly, the current
study aimed to evaluate the role of P450 aromatase and
castration on spatial learning and memory changes in-
duced by Nandrolone in adolescent male rats.

2. Materials and Methods
Animals

Male Wistar rats aged 25-27 days were initially obtained
from the animal house of Shahid Chamran University of
Ahvaz. The animals were housed in a plexiglass cage under
controlled temperature (22+2°C), with daily exposure to a
12-hour light-dark cycle (lights on at 7:00 AM). All rats had
free access to a standard diet and tap water.

Surgery

The rats were anesthetized with a mixture of ketamine
and xylazine (100 mg/ kg and 25 mg/ kg, respectively;
Intraperitoneal [IP] injection.) and placed in a stereotaxic
instrument. A guide cannula was implanted in the right lat-
eral ventricle of all rats. Stereotaxic coordinates based on
Paxinos and Watsons atlas of the rat brain were as follows:
Anterior-Posterior (AP), -0.9 mm from bregma; Medial-
Lateral (ML), -1.2 mm from midline; and Dorsal-Ventral
(DV), -3.4 mm from the skull surface [13]. Castration was
also performed by the incision of the sac of the scrotum
along with underlying tunica. The vas deferens was bilater-
ally tied off with a sterile chromic ligature, and both testes
were removed; thereafter, incisions on the scrotum were
sutured. The place of surgery was disinfected using beta-
dine. Furthermore, the topical analgesic (2.5% lidocaine,
2.5% prilocaine) was applied to the incision site immedi-
ately after the surgery [14]. All procedures were approved
by the local Animal Ethics Committee (EE/ 97, 24, 3061300/
scu.ac.ir).

Microinjection procedure

In this experimental study, male Wistar rats were divided
into 10 groups. The experimental groups received DMSO
as control groups and the different doses of ND (10, 30 and
60 pg/ 2.5 pL), anastrozole (2.5, 5 and 10 pg/ 2.5 uL), and
anastrozole (2.5 pg/ 2.5 pL) + ND (60 pg/ 2.5 pl) all days
before the training. The rats of ninth and tenth groups were
castrated and treated with 2.5 pL of DMSO and ND (60 pg),
respectively for 4 days.
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Treatments initiated at 7 days (recovery time) after con-
ducting the surgery. The intracerebral injection was admin-
istered through guide cannula (22-gauge) using injection
needles (27-gauge) connected by polyethylene tubing to a
Hamilton microsyringe. The injection needle was inserted
0.5 mm beyond the tip of the guide cannula. Then, vehicle
(dimethyl sulfoxide, DMSO 10%) or different doses of ND
and anastrozole were injected into the right lateral ventri-
cle. All injections were performed at 30 min before testing,
each day (during acquisition days). The other procedure of
injection was administered for rats that were received two
adjunct medications. In this procedure, anastrozole plus
ND was injected with a 15-min interval. The injections (2.5
uL volume) were performed in 2.5 min and the injection
needles were left in place for an additional minute. The
drugs first dissolved in pure DMSO; then, the solution was
diluted by the addition of saline solution to reach a final
drug concentration.

Behavioral study

Spatial learning and memory were investigated using the
Morris Water Maze (MWM) test. It consisted of a dark gray
circular pool filled with water (24+1°C) and a transparent
platform submerged 1cm below the surface of the water.
The pool was located in a room exclusively used for be-
havioral studies with a constant environment and visual
cues on walls around the pool. Each trial was recorded and
analyzed by a video camera connected to a tracking system
(EthoVision XT) which was mounted above the pool. The
test was designed in 4 trials for 4 consecutive days and
probe trial was done on the fifth day.

The pool was divided into 4 parts, including north-west,
northeast, south-west, and south-east. At the beginning of
each trial, an animal was randomly placed facing the wall
of the pool at one of 4 different starting points (north, east,
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south, and west). A maximum time of 60s was allowed
to locate the hidden platform, which was situated in the
north-west quadrant during all training trials. The rats were
gently guided to the platform by the investigator, when not
finding the platform within the maximum time. After locat-
ing, the platform rats were allowed to remain there for
30s. The platform was subsequently removed during the
probe trial (at the fifth day) and the animals were allowed
to search the platform location for 60s. The amount of time
spent by the rats in target quadrants was determined [15].

Histology

At the end of the behavioral procedures, the injection site
was histologically verified. The rats were deeply anesthe-
tized and 2.5 pL of a solution of 4% methylene blue saline
was infused into the implanted site; then, they were intra-
cardially perfused with buffer phosphate saline, followed
by 2% formalin. The rats’ brains were removed, the re-
quired sections were collected and the cannula tracks were
examined for each rat. The subjects without adequate
histological evidence were excluded from data processing
(Figure 1) [16].

Experiments

Experiment 1: The effects of ND on spatial learning and
memory in the MWM

The present experiment determined the effects of ND
Intracerebroventricular (ICV) microinjection on MWM
performance. The studied rats were divided into 4 groups
according to the dose levels; 0 (n=11), 10(n=9), 30(n=10),
and 60 pg (n=9) of ND dissolved in 2.5 uL of DMSO for 4
learning days.

AINPP
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Experiment 2: The effects of anastrozole on spatial learn-
ing and memory in the MWM

We also determined the effects of anastrozole as aro-
matase inhibitor on MWM performance. The studied rats
were divided into 4 groups according to the dose levels; 0
(n=11), 2.5 (n=11), 5 (n=10), and 10 pg (n=11) of anastro-
zole dissolved in 2.5 uL DMSO for 4 learning days.

Experiment 3: The effects of the interaction of anastrozole
and ND on spatial learning and memory in the MWM

We determined the role of P450 aromatase as a mediator
of ND effects on spatial learning and memory. To evaluate
this issue, anastrozole plus ND were ICV microinjected and
the rats’ MWM performance was explored. The study rats
were divided into 3 groups according to the dose levels of
0 pg+0 pg (n=11), 0 ug+60 pg (n=9) and 2.5 pg+60 ug (n=9)
for anastrozole and ND, respectively for 4 learning days.

Experiment 4: The effects of the interaction of castration
and ND on spatial learning and memory in the MWM

We evaluated the effects of castration on spatial learning
and memory changes induced by ND. The study rats were
divided into 4 groups. The first and second groups were sh-
am-operated animals and respectively treated Intracere-
bro Ventricular Ventricle (ICV) with DMSO (2.5 uL, n=11) or
60 pg/ 2.5ulL of ND (n=9) for 4 consecutive days. The rats
of third and fourth groups were castrated and respectively
treated with 2.5 uL of DMSO (n=9) or ND (60 g, n=9) for 4
consecutive days.

Statistics

The MWM performances of animals during acquisi-
tion days were analyzed using Repeated Measures
Analysis of Variance (R-ANOVA), followed by an LSD
post hoc test to determine differences between the
study groups. The traveled distance and escape latency
of rats to reach the hidden platform could be affected
by speed changes among groups; therefore, Analysis of
Covariance (ANCOVA) was used with speed as a covari-
ate [17]. For probe tests, the time spent in the target
quadrant for each group was analyzed using one-way
ANOVA. two-way R-ANOVA was conducted to analyze
the effect of ND and castration (as independent vari-
ables) on escape latency and traveled distance to find
the hidden platform. The effects of ND and castration
on the times that rats spent in the target quadrant on
the probe trial were analyzed using two-way ANOVA.
The collected data are presented as a Mean+SD. Statis-
tical significance was indicated by P<0.05.

'Eg . Avicenna J Neuro
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3. Results
The effect of Nandrolone on MWM performance test
The effect of Nandrolone on spatial learning

Figure 2 showed the effect of ND (0, 10, 30, 60 ug/ 2.5
pL) on escape latency (A) and traveled distance (B). R-
ANOVA revealed that ND, dose-dependently changed the
escape latency (F, ,,,=4.613; P<0.05) and traveled distance
(F,,,,=3.738; P<O:OS) during acquisition trials. Post hoc
LSD analysis suggested that the escape latency and trav-
eled distance decreased significantly in the group treated
with 60 pg/ 2.5 pL of ND on the third and fourth days of
training, compared to the control group (P<0.05). The in-
sertion indicated the mean value of escape latency and
traveled distance during the four days of acquisition trials.
The mean value of escape latency and traveled distance in
ND (60 pg) receivers was significantly lower than that of
the controls (P<0.05).

The effect of Nandrolone on retention memory

The probe trials were conducted at 24 hours after the last
acquisition day. One-way ANOVA demonstrated significant
differences between the study groups (F3'36=4.367; P<0.05).
Post hoc LSD analysis revealed that ND-treated animals
(60 pg/ 2.5 pL) spent significantly more time in the target
guadrant where the platform had previously been posi-
tioned, compared to the control group (P<0.05) (Figure 2C).

The Effects of anastrozole on MWM performance test
The Effects of anastrozole on spatial learning

Repeated measures ANOVA suggested significant dif-
ferences in escape latency (F3'164=4.O41; P<0.05, Figure
3A) and traveled distance (F3'164=5.189; P<0.05, Figure
3B) among the study groups. Post hoc LSD analysis dem-
onstrated that the escape latency and traveled distance
significantly decreased in the anastrozole-treated group,
compared to the controls (P<0.05). The insertion indicated
the mean of escape latency and traveled distance during
the four-day acquisition trials. The mean value of escape
latency and traveled distance of anastrozole (2.5, 5 and 10
pg/ 2.5 pL) group was significantly lower than that of the
control group (P<0.05).

The Effects of anastrozole on retention memory

One-way ANOVA demonstrated no significant difference
in the time spent in the target quadrant between control
and anastrozole-treated groups (Figure 3C).

Salimi Z, et al. Aromatase and Castration on Spatial Learning and Memory Changes in Rats. Avicenna J of Neuropsychophysiology. 2017; 4(4):153-162.



http://ajnpp.umsha.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

&\ Avicenna J Neuro
A" Psycho Physiology

November 2017, Volume 4, Number 4

Em - aa
Ix &
% s
‘.0

SR Pl s DS rDea

Tirerid S lnime o

«~EEEES

‘III‘I

DAL ROLE WOdG ROEG
'

| |

b

A
:':"‘m‘" . s
L 2
fof B
Bl
Foe ]
-%l:l-
i 1 X
B
_EI:IIJII:I
] B
B 4
3 =
Fosog
i ]
1 7
C

Tirma b Tod o it [
s-bhBATILA

[FPL L1l ]

Dragn

I

Group

Figure 2. The effect of Nandrolone on spatial learning
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A. The effect of ND (0, 10, 30, 60 pg/ 2.5 pl) on escape latency; B. Traveled distances and time spent in the target quadrant; C. On MWM
performance. Inserts are the mean value of the 4 days of training. The collected data are presented as mean and SEM.* P<0.05; ** P<0.01,
and *** P<0.001 indicate significant differences between ND60 and control group.

The effects of the interaction of anastrozole and Nandro-
lone on MWM performance test

The effects of the interaction of anastrozole and Nandro-
lone on spatial learning

R-ANOVA was conducted to examine the effect of anas-
trozole plus ND on escape latency and traveled distance to
find the hidden platform. The obtained data suggested sig-
nificant differences in escape latency (F2 10:=11.813; P<0.05,
Figure 4A) and traveled distance (F2,1b5= 9.159; P<0.05,
Figure 4B) among the groups. Post hoc LSD analysis indi-
cated that the mean value of escape latency and traveled
distance of anastrozole plus ND was lower than that of the
control group on the first, third and fourth days of training
(P<0.05). The insertion revealed a mean of escape latency
and traveled distance during the four-day acquisition trials.
The mean value of escape latency and traveled distance of
anastrozole (2.5 pg) plus ND (60 pg) treated groups was sig-

nificantly lower than that of the controls (P<0.05). There-
fore, the pretreatment of anastrozole (2.5 pg) has no effect
on ND-induced spatial learning improvement.

The effects of the interaction of anastrozole and Nandro-
lone on retention memory

One-way ANOVA demonstrated that the time spent in
the target quadrants did not significantly change between
the control and anastrozole (2.5 ug) puls ND (60 pg) groups
(Figure 4C).

The effects of the interaction of castration and Nandro-
lone on MWM performance test

The effects of the interaction of castration and Nandro-
lone on spatial learning

The two-way R-ANOVA was conducted to examine the
effect of ND (60 pg) and castration on escape latency

Salimi Z, et al. Aromatase and Castration on Spatial Learning and Memory Changes in Rats. Avicenna J of Neuropsychophysiology. 2017; 4(4):153-162.
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A. The effect of anastrozole (0, 2.5, 5, 10 ug/ 2.5 uL) on escape latency; B. Traveled distances; C. Time spent in the target quadrant on MWM
performance. Inserts are the mean value of the 4 days of training; The obtained data are presented as mean and SEM; * P<0.05 and **
P<0.01 indicate significant differences between anastrozole (2.5 pg) and control groups; # P<0.05; ## P<0.01 demonstrate significant dif-
ferences between anastrozole (5 pg) and control groups; $ P<0.05; and $$$ P<0.001 indicate significant differences between anastrozole

(10 pg) and control groups.

and traveled distance to find the hidden platform. There
was significant differences in escape latency (F. ,, =4.722;
P<0.05, Figure 5A) and traveled distance (F ,=3.330;
P<0.05, Figure 5B) among the study groups. The pairwise
comparison suggested that escape latency and traveled
distance in the group of castration which received ND (Cast-
ND60) increased significantly on the fourth day of training,
compared to the ND (60 pg) treated group (P<0.05). The
insertion indicated the mean value of escape latency and
traveled distance during the four-day acquisition trials.
There was no significant effect on the control and Cast-
ND60 groups, which suggested that the castration could be
buffered by ND60-induced improvement effect.

1,140

The effects of the interaction of castration and Nandro-
lone on retention memory

Two-way ANOVA demonstrated that ND60-treated ani-
mals (60 pg/ 2.5ulL) spent significantly more time in the
target quadrant where the platform had previously been
positioned (P<0.05); the changes of other groups were not
significant (Figure 5C).

Effects of Nandrolone, anastrozole, and castration on
swimming speed

Figure 6. showed the mean value of swimming speed dur-
ing the four-day acquisition trials. The analysis suggested
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Comparing the escape latency (A), traveled distances (B) and time spent in the target quadrant (C) in different study groups (DMSO, ND
(60 pg) and Ans 2.5 pg + ND 60 pg). Inserts are the mean values of the 4 days of training. The obtained data are presented as mean and
SEM.*P<0.05, **P<0.01 and ***P< 0.001 indicates the significant difference between ND (60 pg) and control groups. #P<0.05 and ##
P<0.01 demonstrate significant differences between Ans (2.5 pg) + ND (60 ug) receivers and the control group.

that swimming speed was significantly changed in the
groups which received ND (10 pg) (P<0.05) and anastrozole
(5 pg) (P<0.001), compared to the control group (Figure
6A). Additionally, swimming speed changes in the groups
of castration which received DMSO (Cast-DMSO) (P<0.01)
and ND (60 pg) (Cast-ND60) (P<0.001) were significant,
compared to the control group (Figure 6B). The traveled
distance and escape latency of rats to reach the hidden plat-
form could be affected by speed changes among groups;
therefore, ANCOVA was used with speed as a covariate
[17]. To exclude the effect of speed changes, we used
speed as a Covariate in Statistical Analysis (ANCOVA) [17].

4. Discussion

Most studies have mainly examined the misuse of AASs
in adults, while adolescents have received little attention.

Furthermore, adolescents are more susceptible to the
deleterious effects of AASs, than adults [2]. Therefore, the
present study was the first to address cognitive effects on
spatial learning and memory in adolescent male rats after
exposure to ND (ICV injection).

We demonstrated that the subchronic daily ICV microin-
jection of ND improved the spatial learning and memory
of adolescent male rats. However, previous studies have
reported that the chronic systemic administration of ND
impairs spatial learning and memory of adult male rats [1,
18]. This discrepancy may arise from the differences be-
tween the treatment protocols of the studies. In addition,
the chronic systemic usage of ND may expose CNS to a high
level of ND for a longer time than a small quantity injection
of ND into cerebral ventricle which might expose CNS to a
high acute dose of ND. The later might rapidly disappear

Salimi Z, et al. Aromatase and Castration on Spatial Learning and Memory Changes in Rats. Avicenna J of Neuropsychophysiology. 2017; 4(4):153-162.
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A. Comparing the escape latency; B. Traveled distances and time spent in the target quadrant; C. Different study groups (DMSO, ND60,
Cast-DMSO, and Cast-ND60). Inserts are the mean value of the 4 days of training. Data are presented as means and SEM; * P<0.05; **
P<0.01; and *** P<0.001 indicate significant differences between ND (60 pg) and control groups; # P<0.05 indicates a significant difference

between ND (60 pg) and Cast-ND (60 pg) groups.

from the brain by dissolving in total body fluid [19]. This
finding is in line with the studies reporting that adolescents
are more sensitive to the effects of androgens [20]. More-
over, the changing testosterone levels during puberty are

significantly associated with behavior in adolescent males.
It is also well established that adolescence is a sensitive
developmental period that underscores the potential for
effects of AASs, compared to adulthood [2].
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Figure 6. Effects of Nandrolone, anastrozole, and castration on swimming speed AJNPP

Comparing the mean values of swimming speed during the 4-day acquisition trials in different groups; Data are presented as mean and
SEM; * P<0.05; ** P<0.01; and *** P<0.001 indicate significant differences between and control group.
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Furthermore, Rossbach et al. reported that a single high
dose of AAS nandrolone increases the phosphorylation of
both NMDAR and ERK 1/2 in hippocampal synaptoneu-
rosomes. In addition, they reported a single injection of
nandrolone can affect important synaptic components in-
volved in hippocampal plasticity [21]. On the other hand,
studies have described that some steroids are the negative
modulators of the GABAA receptor and positive modula-
tors of the N-methyl-D aspartate (NMDA) [2]. A large body
of experiments has studied the mechanism of endogenous
androgens effect on animal cognitive performance [6, 22].

However, a previous study argued that the effect of ND
on memory is induced through the stimulation of AR. The
underlying mechanism of ND effects on learning and mem-
ory are complex and have remained unclear. Additionally,
the aromatization of ND to estrogen could be one of the
mechanisms behind the effects of ND on spatial learning
and memory. Therefore, the effect of ND on spatial learn-
ing and memory through the induction of p450 aromatase
enzyme was explored applying an aromatase inhibitor,
anastrozole. The obtained data revealed that anastrozole
improves spatial learning which is in accordance with a
previous study [6]. However, anastrozole could not change
the ND effect on spatial learning and memory and our hy-
pothesis was rejected, indicating that ND has no interac-
tion with aromatase pathways regarding spatial learning
and memory.

Furthermore, prior investigations have reported that ND
can be aromatized to estrogen, but to a lesser extent [3].
It is possible to inhibit the aromatase enzyme as a result;
low levels of estrogen prohibit negative feedback from in-
termediate enzymes. Thus, by increasing the production of
estrogen precursors, such as pregnenolone, Dehydroepi-
androsterone (DHEA) and DHEA-sulphate (DHEA-S), learn-
ing and memory may improve. Extrinsic androgens could
also affect the hypothalamus-hypophysis-gonadal function
and inhibit or induce endogenic testosterone secretion de-
pending on the treatment duration [11, 23, 24]. An optimal
level of endogenous testosterone is essential for normal
cognitive performances [7, 12]. We previously demon-
strated that the intraventricular injection of ND increased
testosterone concentration [25].

Therefore, ND may affect spatial learning and memory
through making changes in intrinsic gonadal hormone
level. To evaluate the role of gonadal function on spatial
learning and memory, the studied rats were castrated and
their spatial learning and memory were tested one week
later. The relevant data suggested that castration had no ef-
fect on spatial learning; however, it abolished the improve-
ment effect of ND, indicating that at least some effect of
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ND on learning, induced through changes in gonadal func-
tion. Several reports consistently indicated that castration
does not significantly disturb acquisition or probe trial per-
formance in a classic reference memory task [14, 26, 27],
which is in agreement with the present study. We used the
intracerebroventricular microinjection of ND to avoid the
peripheral action of ND; therefore, it should be considered
that this protocol is different from the human abuse of
ND and the results cannot be directly related to usual ND
abuse effects.

5. Conclusion

This study has revealed that although ND administration
could affect spatial learning and memory, its effect could
be prevented by castration. Therefore, ND affects spatial
learning via changes in the circulating levels of testoster-
one. These findings may contribute to the understanding of
the underlying biological pathways that lead to the cogni-
tive changes associated with ND in humans. However, the
mechanisms need future investigations.
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