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Abstract. The aim of the present study was to explore the effects of 8-OH-DPAT, 5-HT1A receptor agonist and NAN-190, 
5-HT1A receptor antagonist on anxiety-related behavior in the adult gonadectomized (GDX) male rats. Moreover, another 
goal of this work was to investigate whether the combination of 8-OH-DPAT or NAN-190 plus testosterone propionate 
(TP) could affect anxiety-like behavior more than TP alone in the adult GDX rats. Two weeks after gonadectomy, GDX 
rats were subjected by treatments with the solvent, TP (0.5 mg/kg, s.c.), 8-OH-DPAT (0.05 mg/kg, s.c.), NAN-190 (0.1 mg/
kg, i.p.), 8-OH-DPAT in a combination with TP or NAN-190 in a combination with TP during 14 days. Experimental 
groups of GDX rats and control group of intact males were then tested in the elevated plus maze (EPM) and the open field 
test. 8-OH-DPAT treatment failed to modify anxiety-like behavior of GDX rats in the EPM as compared to the GDX rats 
given with oil solvent. NAN-190 injected alone or in combination with TP to GDX rats resulted in a significant anxiolytic-
like effect as compared to the GDX given with oil solvent or TP application. Our data indicate that the combination of 
NAN-190 and TP is more effective than TP alone in GDX rats inducing a more profound anxiolytic-like effect in the 
EPM. Thus, the results of this study suggest that effects of 5-HT1A receptor agonist/antagonist can modify anxiety level in 
opposite direction in male rats after gonadectomy.

Introduction

Anxiety disorders are the most frequent psychiatric 
conditions among the affective-related diseases 
(Davidson, 2000). Lifetime prevalence of anxiety disorders 
is reportedly as high as 31%; higher than the lifetime 
prevalence of depression disorders and substance use 
disorders (Wittchen, 2002; Somers et al., 2006; Kessler 
et al., 2007). Moreover, studies report that about 40% of 
patients diagnosed with anxiety and related disorder are 
untreated (Kronke et al., 2007; Martin-Merino et al., 2010). 

The role of serotonin (5-HT) in anxiety disorders is 
now well established and it has been conclusively shown 
that increase in central serotonergic activity invariably 
leads to anxiety, whereas a decrease in the brain 5-HT 
activity results in anxiolysis (Matsudaa, 2013). Among the 
different 5-HT receptor subtypes, the 5-HT1A receptors 
have received a great deal of attention mainly because 
it is implicated in anxiety and depression (Lucki et al., 
1994; De Vry, 1995; Barnes and Sharp, 1999; Blier and 
Ward, 2003 ). 5-HT1A receptors are located both pre- 
and postsynaptically (Albert et al., 2014). Presynaptic 
5-HT1Areceptors (as somadendritic 5-HT1A autoreceptors) 
are present on serotonergic neurons in the dorsal and 
medial raphe nuclei, and postsynaptic 5-HT1A receptors 
are found at high density in the limbic regions and in the 
frontal and entorhinal cortices (Pazos and Palacios, 1985; 
Vergé et al., 1986). There are differences in the G-protein 
coupling between pre- and postsynaptic 5-HT1A receptors. 
The effects of 5-HT1A receptor agonists/antagonists on 
behavioral processes have been extensively studied (De 

Vry, 1995; Barnes and Sharp, 1999; Blier and Ward, 2003; 
Martin-Merino et al., 2010). Studies in animal models 
suggested that the 5-HT1A receptor is a potential target 
for the treatment of anxiety, depression, pain, and drug 
dependence (Albert and Le Francois, 2010; Celada et al., 
2013).

Hormonal mechanisms, especially the dysregulation 
of the hypothalamic-pituitary-gonadal (HPG) axis, 
underlying mood and stress-related disorders have 
gained renewed great interest (Altemus, 2006; Marshall, 
2011). Nowdays, the significance of gonadal hormones in 
the development of mood disorders has been extensively 
investigated (Watson et al., 2002; Young and Korszun, 2002; 
Swaab et al., 2005). Androgens, testosterone and its active 
metabolite, have several important actions in androgen 
responsive tissue throughout the body (Edinger and Frye, 
2005, 2006; Marshall, 2011; Hogervorst, 2013). In addition, 
the classic roles of androgens in development and sexual 
differentiation, androgens also have several beneficial 
actions in the brain. Androgens have been shown to affect 
brain regions known to be involved in the modulation 
of mood and affective-related behavior (Frye and Seliga, 
2001; Frye and Edinger, 2004; Frye et al., 2008; Hodosy 
et al., 2012). Testosterone and its metabolites have been 
shown to possess anxiolytic-like effects in several animal 
models of anxiety, reducing anxiety-like behavior in male 
rodents (Kronke et al., 2007; Khakpai, 2014). Moreover, 
testosterone replacement in castrated males ameliorates 
anxiety-like behavior (McDermott et al., 2012; McHenry et 
al., 2014). These data indicate a close relationship between 
anxiety-related disorders and low testosterone level.
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On the other hand, there is evidence that activity of 5-HT 
system and 5-HT1A receptors in the brain are influenced 
by androgens (Marshall, 2011; Garcia-Garciaa et al., 2014). 
Androgens deficiency induced by gonadectomy modified 
5-HT1A receptors binding and/or their expression 
throughout the brain, and these effects were reversed 
by testosterone propionate replacement (Zhang et al., 
1999). Moreover, androgens changed sensitivity of 5-HT1A 
receptors and 5-HT transporter protein metabolism in the 
central nervous system (Frye and Seliga, 2001; Fernandez-
Guasti and Martinez-Mota, 2003, 2005; Frye and Edinger, 
2004; Edinger and Frye, 2005, 2006; Frye et al., 2008). Thus, 
gonadal hormone and 5-HT systems have been shown to 
interact with each other, resulting in modulation of each 
other’s expression and function.

Based on evidence of 5-HT system and androgens 
involvement in the mechanisms of anxiety-related 
behavior, we hypothesized that stimulation or blockade 
of 5-HT1A receptors would modify anxiety-like behavior 
of male rats with different levels of gonadal steroids. 
As the rule the typical anxiolytics are effective and well 
tolerated in all anxiety disorders, however, several weeks 
are required until there is an onset of action (Martinez-
Conde et al., 1985; Bandelow et al., 2008). Since a lot of 
well-known anxiolytic must be taken repeatedly before 
their therapeutic efficacy becomes apparent (Harto et al., 
1988; Glitz and Pohl, 1991). Moreover, the effects of acute 
and repeated treatments with 5-HT1A receptor agonist/
antagonist in different animal models of anxiety-like 
behavior are different and opposite in non-castrated 
male subjects. This is consistent with the view that acute 
administration of 5-HT1A receptor ligands stimulates 
5-HT system, whereas continuous treatment desensitizes 
it (Matsudaa, 2013; Garcia-Garciaa et al., 2014).

The main aim of the present study was to determine 
if repeated systemic treatment with 8-OH-DPAT, 
5-HT1A receptor agonist and NAN-190, 5-HT1A receptor 
antagonist affected on anxiety-related behavior in the adult 
gonadectomized (GDX) male rats. In this study, a repeated 
treatment with 5-HT1A receptor agonist/antagonist was 
only used since following repeated application of these 
5-HT receptor ligands an adaptation of the 5-HT system 
may be produced (Xu et al., 1997; Sheehan and Sheeh, 
2007). Moreover, it is interesting to clarify whether after 
repeated treatment of 5-HT1A receptor ligands their 
effects on anxiety-like behavior may be determined and 
depended from the hormonal state of male rats (low 
testosterone level or testosterone application). Therefore, 
another aim of this work was to investigate whether 
repeated combined treatment with 8-OH-DPAT or NAN-
190 plus testosterone propionate (TP) could affect anxiety-
like behavior more than TP alone in the adult GDX rats. 

Materials and Methods 

Animals

The study used 140 adult male rats of Wistar strain 
(purchased from Rappolovo, Russia) weighing 180-200 g 
at the start of the experiment. For at least a week prior to 

the experiment, the rats were housed six to a cage under 
standard environmental conditions: constant temperature 
of 23 ± 1°C, 60% humidity, 12-h light/dark cycle (light 
on at 8:00 a.m.), food and water ad libitum. All animals 
were gently handled by experienced animal facility staff 
each day for a week prior to experimental procedures. 
Any environmental or physical stress was avoided in 
order to habituate the rats to manipulation. Animals 
were randomly assigned to experimental groups and 
were used only once in the behavioral experiments. The 
behavioral tests were conducted between 09:00 a.m. and 
01:00 p.m. Experiments were carried out in a soundproof 
and air-regulated experimental room, to which animals 
were habituated at least 30 min before each test. All 
experiments were carried out in accordance with the 
Guide for Care and Use of Laboratory Animals, published 
by the National Institute of Health (National Research 
council, publication no. 85-23, revised in 1996), and the 
Animal Welfare Assurance Renewal for Pavlov Institute 
of Physiology. The rationale, design, and methods of 
this study were approved by the Ethical Committee for 
Animal Research, Pavlov Institute of Physiology. 

Gonadectomy

The male rats were anesthetized with a mixture of 
ketamine/xylazine (ketamine: 70 mg/kg b.w. and xylazine: 
10 mg/kg b.w., i.p.) and bupivacaine (0.25% solution: 0.4 
ml/kg b.w.) was applied topically as analgesic. The non-
steroidal anti-inflammatory drug meloxicam (1 mg/kg 
b.w.) was injected subcutaneously. Following disinfection 
of the skin (with alcohol and betadine), a 1-2 cm ventral 
midline incision was made in the scrotum of adult male 
rats to expose the tunica. The tunica was pierced and 
both testes were extracted to expose the underlying 
blood vessels, which were ligated with silk suture. The 
testes were excised and all vessels and ducts were placed 
back into the tunica prior to suturing. The effectiveness 
of castration or exogenous administration of TP were 
determined after sacrifice, and bulbospongiosus muscles 
were dissected from the penile bulb and immediately 
weighed. Sham-operated animals received incisions with 
no testicle removal. Following gonadectomy, GDX males 
were placed in a community cage with free access to food 
and water. GDX male rats were allowed to have 14 days 
for postoperative recovery before administration of oil 
solvent, 8-OH-DPAT, NAN-190 or TP.

Drugs 

5-HT1A receptor agonist 8-hydroxy-2-(di-n-propylamino) 
tetralin – 8-OH-DPAT (H-140, Sigma Chemical Co, USA) 
was dissolved in sterile saline (0.9%). 5-HT1A receptor 
antagonist [1-(2-methoxyphenyl)-4-[4-(2-phthalimido)
butyl]-piperazine hydrobromide] – NAN-190 (N-3529, 
Sigma Chemical Co, USA) was dissolved in a vehicle 
of propilenglycol (40%), ethyl alcohol (10%) and sterile 
distilled water (50%). The testosterone propionate, TP (T-
1875, Sigma Chemical Co, USA) was dissolved in sterile 
sesame oil. All solutions were freshly prepared before 
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each experimental series. All males were 3.5 months old at 
the onset of pharmacological treatments. 

Experimental groups

Two weeks after gonadectomy, GDX male rats were 
randomly assigned to each of the experimental groups 
and subjected to the different treatments. All male GDX 
and intact rats were divided into 7 groups (n=10 per 
group) for each behavioral tests. The first group consisted 
of sham-operated intact male rats (control) treated with 
saline daily (control/solvent). The two other groups were 
of intact sham-operated male rats treated with 8-OH-
DPAT at a daily dose of 0.05 mg/kg, s.c. (intact/8-OH-
DPAT) and intact sham-operated male rats treated with 
NAN-190 at a daily dose of 0.1 mg/kg, i.p. (intact/NAN-
190). The next groups were of GDX male rats received the 
oil solvent daily (GDX/solvent), GDX rats treated with 
TP at a daily dose of 0.5 mg/kg, s.c. (GDX/TP). The other 
groups consisted of GDX male rats treated with 8-OH-
DPAT (GDX/8-OH-DPAT), GDX males treated with 
NAN-190 (GDX/NAN-190), GDX rats treated with 8-OH-
DPAT daily in combination with TP (GDX/8-OH-DPAT/
TP), GDX males with NAN-190 daily in combination 
with TP (GDX/NAN-190/TP). All experimental groups 
are presented in the Table 1. 
Two weeks after gonadectomy, 8-OH-DPAT, NAN-190, 
TP or oil solvent were administered for 14 days once daily 
before the behavioral tests. Similarly, 8-Oh-DPAT, NAN-
190 or saline were also chronically injected daily for 14 
days into the intact rats. One hour after the last injection, 
testing in the elevated plus maze (EPM) and the open field 
test (OFT) was carried out as described below. During all 
behavioral tests, the control and experimental groups of 
rats were also treated with 8-OH-DPAT, NAN-190, TP, 
saline or oil solvent.  

8-OH-DPAT or NAN-190 were injected 30 min prior 
to TP treatment when it was co-administration of these 
pharmacological substances. 5-HT1A receptor agonist/
antagonist alone or in combination with TP were chronically 

injected for 14 days. The last injection of preparation being 
made 1 h prior to behavioral testing. 8-OH-DPAT, NAN-
190, saline, sesame oil or TP were injected in in a volume 
of 0.1 ml. The dose of TP (0.5 mg/kg, s.c.) was chosen from 
our previous studies performed by Fedotova (2014, 2015). 
In this study, the dose of TP was used because previous 
study has shown this dose to be sufficient and effective for 
behavioral outcomes and can be as trigger dose for reducing 
of behavioral impairments after gonadectomy. However, 
this dose of TP is not sufficient to maintain physiological 
level of testosterone similarly to non-castrated male rats, 
since the aim of this work was to investigate whether 
repeated combined treatment with 8-OH-DPAT or NAN-
190 plus testosterone propionate (TP) in a low dose could 
affect anxiety-like behavior more than TP alone in the adult 
GDX rats. Thus, used dose of TP in the present study is a 
minimal behavioral dose. The doses of 8-OH-DPAT and 
NAN-190 were chosen accordingly the studies performed 
by Fedotova and co-workers (2004). 

Behavioral tests

Before testing, animals were handled daily for 1 week. 
Behavioral experiments were carried out in a soundproof 
and air-regulated experimental room, to which animals 
were habituated, at least 30 min before each test. Any 
environmental or physical stress were avoided in order 
to habituate the rats to manipulation for behavioral tests. 
The apparatus used in all behavioral experiments were 
thoroughly cleaned after each test session with a cleaning 
solution from Vekton (Russia, with a composition of 
ammonia 0.5%, ethanol 15%, extran 10%, isopropyl 
alcohol 5%, citrus aromatizing 19%, and distilled water 
50.5% as v/v%).  

Elevated plus maze

To investigate the changes in anxiety-like behavior, 
control intact rats and all experimental groups of GDX 
male rats were subjected to the elevated plus maze test 
(EPM) (Fedotova et al., 2004). EPM is a widely used test of 
anxiety-like behavior and was used to assess an anxiety-
like behavioral responses (Pellow et al., 1985). This test is 
sensitive to putative anxiogenic-like and anxiolytic-like 
drugs (Menzaghi et al., 1994). 

It is designed to present the animal with a conflict 
between its natural tendency to explore a novel 
environment and its reluctance to move away from the 
sheltering walls and into the open environment in which 
the risk of falling or exposure to predators is much higher. 
The maze was made of grey Plexiglas and consisted of 
four arms (50 cm long and 10 cm wide); two arms had 
40-cm-high dark walls (closed arms), and two arms had 
0.5-cm-high ledges (open arms). In the center of the arms 
of EPM located cross-wise there was an open area in the 
size of 10 × 10 cm. The floor of the apparatus was 50 cm 
high. The experimental room was lit by a 60 Watt bulb 
placed 1.75 m above the central square of the maze (22 lx 
in the maze central square). For testing, rats were placed 
individually into the center of the maze facing a closed 
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arm and removed after a 5-min period. The number of 
entrances and the time spent into the open or closed arms 
were registered during time of testing. A video camera 
was installed above the cage to record the activity of the 
rats. Two independent observers measured the behavioral 
variables. After each test session, the EPM apparatus 
was carefully cleaned and deodorized with the Vekton 
cleaning solution.  

Open field test

To investigate the changes in spontaneous locomotor 
activity, rearing, and grooming behavior, all experimental 
groups of offspring were submitted to a 5-min period to the 
open field test (OFT). The OFT was consisted of a square 
platform (80.0 cm × 80.0 cm; wall height 36.0 cm) (De Vry, 
1995). The floor of the platform was divided into 16 equal 
squares of 19.5 cm × 19.5 cm. The platform was illuminated 
by a light source (lamp 60 W). Two independent observers 
(blind to treatment groups) measured the behavioral 
variables. A video camera was installed above the cage to 
record the activity of the rats. After each test session, the 
OFT apparatus was carefully cleaned and deodorized 
with the Vekton cleaning solution.

Statistical analysis 

All values were expressed as mean ± S.E.M. Comparisons 

between values were performed using two-way ANOVA 
test with between-subject factors of hormone conditions 
(GDX or GDX plus TP) and drug treatment (8-OH-DPAT 
or NAN-190) followed by Dunnett’s test for multiple 
comparisons post-hoc test. Statistical analysis was 
performed using SPSS version 11.5. Differences with 
p<0.05 were considered significant.

Results

Effects of 8-OH-DPAT and NAN-190 on anxiety-like 
behavior of GDX males and GDX males treated with 
testosterone propionate in the elevated plus maze

A two-way ANOVA revealed significant differences in the 
time spent into the open arms between hormone conditions 
([F(5,32) = 7.4, P<0.0004]), between drug treatments [F(5,32) 
= 11.04, P<0.0003]), and an interaction between hormone 
condition and treatments ([F(5,32) = 1.84, P<0.001]) in the 
GDX rats. The post-hoc test revealed differences among 
the groups for anxiety-like behavior in the EPM (P<0.05). 
The intact/8-OH-DPAT rats demonstrated a significant 
decrease of the time spent into the open arms as compared 
to the control intact rats (p<0.05) (Fig. 1a).

The intact/NAN-190 rats failed to modify the time 
spent into the open arms as compared to the control 
group. Gonadectomy in male rats (GDX/solvent rats) 
resulted in a significant decrease of time spent into 

Figure 1. Effects of 8-OH-DPAT or NAN-190 chronic treatment on anxiety-like behavior of gonadectomized male rats in the elevated 
plus maze. a - P < 0.05 as compared to the control group of intact sham-operated rats, b - P < 0.05 as compared to the gonadectomized 
(GDX) male rats treated with oil solvent, c -  P < 0.05 as compared to the gonadectomized (GDX) male rats treated with testosterone 
propionate (TP). Two weeks after gonadectomy, GDX rats were subjected by treatments with the solvent, TP (0.5 mg/kg, s.c.), 8-OH-
DPAT (0.05 mg/kg, s.c.), NAN-190 (0.1 mg/kg, i.p.), 8-OH-DPAT in a combination with TP or NAN-190 in a combination with TP 
during 14 days. Each group comprised a minimum of 10 rats. All values were expressed as mean ± S.E.M. Comparisons between values 
were performed using two-way ANOVA test with between-subject factors of hormone conditions (GDX or GDX plus TP) and drug 
treatment (8-OH-DPAT or NAN-190) followed by Dunnett’s test for multiple comparisons post-hoc test. 
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the open arms as compared to the control/solvent rats 
(p<0.05) (Fig. 1). TP supplementation (0.5 mg/kg, s.c.) 
caused an increase of time spent into the open arms 
in the GDX rats as compared to the GDX/solvent rats 
(p<0.05) (Fig. 1a). Although, the value of this parameter 
in the GDX/TP rats was higher than that of the GDX/
solvent, it did not reach the value of control intact rats. 
Administration of 5-HT1A receptor agonist, 8-OH-DPAT 
(0,05 mg/kg, s.c.), significantly decreased time spent 
into the open arms in the GDX rats as compared to the 
intact/solvent (p<0.05) (Fig. 1a). Moreover, the time spent 
into the open arms values of the GDX rats given with 
combination of 8-OH-DPAT and TP were profoundly 
lower than that of the GDX/TP, GDX/solvent and 
control/solvent rats. Administration of 5-HT1A receptor 
antagonist, NAN-190 (0.1 mg/kg, i.p.), significantly 
increased time spent into the open arms in the GDX rats 
as compared to the intact/ solvent and GDX/solvent rats 
(p<0.05) (Fig. 1a). NAN-190 in combination with TP more 
significantly increased time spent into the open arms in 
the GDX rats as compared to the intact, GDX or GDX rats 
with oil solvent or TP alone (p<0.05) (Fig. 1a). The time 
spent into the open arms values of the GDX rats given 
with combination of NAN-190 and TP were profoundly 
higher than that of the GDX/solvent or GDX/TP rats and 
intact/solvent. 

Similarly, significant differences in the number of 
entrances into the open arms were found between 
hormone conditions ([F(5,32) = 2.96, P<0.01]), between 
drug treatments [F(5,32) = 7.20, P<0.003]), and an 
interaction between hormone condition and treatments 
([F(4,30) = 11.22, P<0.0001]) in the GDX males. The post-
hoc test revealed differences among the groups for 
this parameter in the EPM (P<0.05). GDX/solvent rats 
displayed a significant decrease of the number of entries 
into the open arms as compared to the control/solvent 
rats (p<0.05) (Table 1). 8-OH-DPAT s.c. injection to intact 
male rats induced a decreased number of entries into 
the open arms as compared to the control rats (p<0.05) 
(Fig. 1b). The intact/NAN-190 rats did not change the 
number of entries into the open arms as compared to the 
control group. GDX/solvent rats displayed a significant 
decrease of the number of entries into the open arms 
as compared to the control/solvent rats (p<0.05) (Fig. 
1b). Administration of TP to the GDX rats increased the 
number of entries into the open arms as compared to 
the GDX/solvent rats (p<0.05) (Fig. 1b). The GDX/8-OH-
DPAT rats showed a significant decrease of the number 
of entries into the open arms as compared to the intact/
solvent (p<0.05) (Fig. 1b). The number of entries into the 
open arms values of the GDX rats given with combination 
of 8-OH-DPAT and TP were profoundly lower than that 
of the GDX/TP, GDX/solvent and control/solvent rats. 
GDX/NAN-190 rats showed a significant increase of 
the number of entries into the open arms as compared 
to the intact/solvent and GDX/solvent rats (p<0.05) (Fig. 
1b). The GDX/ NAN-190/TP rats also demonstrated an 
increase in the number of entries into the open arms as 
compared to the intact/solvent, GDX/solvent and GDX/
TP rats (p<0.05) (Fig. 1b). 

Effects of 8-OH-DPAT and NAN-190 on the behavior 
of GDX males and GDX males treated with testosterone 
propionate in the open field test

The two-way ANOVA revealed significant differences 
in the crossing, rearing and grooming between hormone 
conditions ([F(5,32) = 5.44, P<0.05], [F(5,32) = 9.40, 
P<0.01], [F(5,32) = 19.34, P<0.01], respectively), between 
drug treatments [F(5,32) = 15.4, P<0.001], [F(5,32) = 11.56, 
P<0.05], [F(5,32) = 7.86, P<0.05], respectively), and an 
interaction between hormone condition and treatments 
([F(5,32) = 3.8, P<0.01], [F(5,32) = 5.46, P<0.05], [F(5,32) 
= 4.02, P<0.05], respectively). The post-hoc test failed 
to reveal any alterations of behavioral values in the 
intact/8-OH-DPAT, intact/NAN-190, GDX/solvent and 
GDX/TP rats compared to the intact/solvent (Table 2, 
non-significant). 

Neither GDX/8-OH-DPAT nor GDX/8-OH-DPAT/
TP rats showed frequency of rearing and grooming 
behavior in GDX rats as compared to the GDX/solvent 
and GDX/TP rats (Table 2, non-significant). However, 
the post-hoc test revealed that GDX/8-OH/DPAT or 
GDX/8-OH-DPAT/TP rats demonstrated a significant 
increase in crossing behavior to the GDX/solvent and 
GDX/TP rats (p<0.05) (Table 2). NAN-190 or GDX/
NAN-190/TP rats showed a significantly elevated 
grooming as compared to the GDX/TP, GDX/solvent 
and intact/solvent rats (p<0.05) (Table 2).

a -P < 0.05 as compared to the control group of intact sham-
operated rats, b - P < 0.05 as compared to the gonadectomized 
(GDX) male rats treated with oil solvent, c - P < 0.05 as compared 
to the gonadectomized (GDX) male rats treated with testosterone 
propionate (TP). Two weeks after gonadectomy, GDX rats 
were subjected by treatments with the solvent, TP (0.5 mg/kg, 
s.c.), 8-OH-DPAT (0.05 mg/kg, s.c.), NAN-190 (0.1 mg/kg, 
i.p.), 8-OH-DPAT in a combination with TP or NAN-190 in a 
combination with TP during 14 days. Each group comprised a 
minimum of 10 rats. All values were expressed as mean ± S.E.M. 
Comparisons between values were performed using two-way 
ANOVA test with between-subject factors of hormone conditions 
(GDX or GDX plus TP) and drug treatment (8-OH-DPAT or 
NAN-190) followed by Dunnett’s test for multiple comparisons 
post-hoc test. 
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Discussion 

In the present work, the effects of chronic 8-OH-DPAT 
or NAN-190 treatments for 14 days on anxiety-like 
behavior in male rats with androgen deficiency and 
TP supplementation were investigated. Endogenous 
androgens were removed by gonadectomy and the 
results of behavioral testing for the anxiety-related 
effects of 8-OH-DPAT or NAN-190 applications were 
compared in both GDX rats and GDX male rats treated 
with TP. For this purpose, the elevated plus maze (EPM) 
and open field test (OFT) were performed in this study. 

The results of the present study showed that in GDX/
solvent rats, there were marked anxiety-like behavior as 
assessed by EPM. The EPM is recognized as a valuable 
model able to predict anxiolytic- or anxiogenic-like 
effects of drugs in rodents (Blainski et al., 2010). It is 
designed to present the animal with a conflict between its 
natural tendency to explore a novel environment and its 
reluctance to move away from the sheltering walls and 
into the open environment in which the risk of falling or 
exposure to predators is much higher (Pellow et al., 1985). 
Although TP supplementation resulted in significant 
anxiolytic-like effect of GDX rats, the TP administration 
was not able to completely reduce anxiety-like behavior 
to the level of control intact animals. According to these 
results, we conclude that GDX rats display significant 
anxiety-related status while TP administration to the 
GDX rats attenuates the gonadectomy-induced anxiety-
like behavior to some extent. This confirms the results of 
preclinical and clinical studies showing that testosterone 
administration can have anxiolytic-like effect in males 
(Young and Korszun, 2002; McDermott et al., 2012; 
McHenry et al., 2014).

8-OH-DPAT treatment failed to influence anxiety-
like behavior in the GDX rats. Administration of 8-OH-
DPAT in combination with TP in the GDX rats inhibited 
the anxiolytic-like effect of TP. 8-OH-DPAT application 
in the GDX rats, unlikely treatment with TP, significantly 
increased locomotor activity in the OFT and produced the 
anxious-like state in the EPM. However, the results from 
GDX/TP and the GDX/8-OH-DPAT/TP rats indicate that 
8-OH-DPAT affects anxiety-related processes rather than 
motor function. The OFT results in this study suggested 
that 8-OH-DPAT administered alone or together with TP 
to the GDX rats resulted in the increased motor behavior.

NAN-190 treatment has a significant anxiolytic-
like effect and completely able to remove anxiety-like 
profile induced by androgen deficiency in the GDX rats. 
Interestingly, administration of NAN-190 in combination 
with TP in the GDX rats potentiated the anxiolytic-
like effects of both preparations. Taken together these 
results, it can be assumed that NAN-190 may behaves 
itself like androgenic-like substance. Moreover, NAN-
190, unlikely treatment with TP, significantly increased 
grooming events in the OFT and so significantly reversed 
the anxiety-like profile in the GDX rats in the EPM. The 
results from GDX/TP rats and from the GDX/NAN-190/
TP rats indicate that NAN-190 affects anxiety-related 
processes rather than behavioral reactions. Also, the 

results of the present study indicated that administration 
of NAN-190 in combination with TP could reverse the 
effect of the experimental model of androgen deficiency 
on anxiety-related profile. In the present study, only one 
concentration of TP was used because this concentration 
of TP has been shown anxiolytic-like effects in GDX rats 
(Fedotova, 2014, 2015). Different dosages and duration of 
NAN-190 or TP treatments should be tested in the future 
study. 

Interestingly, the effects of chronic 8-OH-DPAT or 
NAN-190 treatments on anxiety-like behavior in the 
intact and GDX rats are completely opposite the results 
of the previous study which were obtained both intact 
and ovariectomized (OVX) female rats (Fedotova et 
al., 2004). Given together these data, it can be conclude 
that different effects of 8-OH-DPAT and NAN-190 on 
anxiety-like behavior in the GDX or GDX/TP male rats 
might suggest the different mechanisms of interaction 
between gonadal hormones and 5-HT1A receptor in the 
pathophysiology of anxiety. 

There are some explanations for the anxiolytic-like 
effects of NAN-190 in the GDX/solvent and GDX/TP rats 
obtained in our present study using EPM paradigm. One 
possible explanation for the different effects of 8-OH-
DPAT and NAN-190 is that repeated injections may 
have led to a delayed desensitization of somatodendritic 
5-HT autoreceptors. Alternative mechanisms for 
the different effects of 8-OH-DPAT and NAN-190 is 
functional sensitization of hippocampal 5-HT receptors 
or increased postsynaptic responsiveness.

On the other hand, a dysregulation of the 
hypothalamo-pituitary-adrenal (HPA) axis is one 
of the most commonly described alterations that 
correlate with symptoms of mood disorders and other 
neurospsychiatric diseases (49,56). On the other hand, 
gonadal steroids play a critical role in brain development 
and can modulate HPA axis activity (Watson et al., 2002; 
Young and Korszun, 2002; Bingham et al., 2011). Effects 
of the gonadal hormones on HPA function have been 
demonstrated at different levels of the axis. In general, 
androgens inhibit HPA activity. Androgens inhibit 
corticotrophin releasing hormone expression (Bingham 
et al., 1994), and gonadectomy of adult male rats increases 
both adrenocorticotropin and corticosterone responses to 
physical and psychological stressors (Handa et al., 1994), 
an effect reversed by replacement with testosterone or 
the non-aromatizable androgen, 5β-dihydrotestosteone 
(Handa et al., 1994; Viau et al., 2003). Gonadectomized 
(GDX) rats also show greater stress-induced c-Fos 
expression and higher arginine vasopressin hnRNA 
levels than intact males, both of which are negatively 
correlated with plasma testosterone levels (Viau, 2002; 
Viau et al., 2003). The gonadal and stress hormone 
systems have been shown to interact with each other, 
resulting in reciprocal modulation of each other’s 
expression and function (Swaab et al., 2005). These 
interactions are likely to be particularly important for 
development of numerous neuropsychiatric disorders. 
These interactions are likely to be particularly important 
for development of numerous neuropsychiatric disorders. 
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Furthermore, studies have demonstrated interactions 
between 5-HT system and the hypothalamic–pituitary–
adrenal axis (Owen et al., 1990; Ruggiero et al., 1999; 
Semont et al., 1999), traditionally regarded as central in 
the stress response of mammals (Moberg, 1985). 5-HT 
has a stimulatory effect on the HPA axis in humans and 
rodents that is mediated by the 5-HT1A receptor, only male 
rodents respond to 5-HT1A antagonism to show increased 
corticosterone responses to stress. Finally, the actions of 
gonadal hormones to mediate adaptive neuroendocrine 
and behavioral responses may be completely impaired 
in the face of chronic stress exposure (Van De Kar, 1991; 
Sheehan and Sheehan, 2007). 

One of the explanation could be that NAN-
190 modulates the activity of the HPG system and 
normalizes the impaired feedback interaction within the 
HPG axis of GDX rats. Our future investigations will aim 
to clarify how chronic NAN-190 treatment alters ACTH 
and LH levels in the blood and the brain after injection in 
male rats with an imbalance of androgens. Interactions 
between genomic and non-genomic effects of NAN-
190 and TP cannot be excluded. It is possible that the 
time- and concentration-dependent involvement of the 
non-genomic and nuclear receptor mediated effects of 
testosterone might underlie the complex associations 
between testosterone and NAN-190. Taken together 
these data in can be assumed that NAN-190 modulate 
activity of HPA and HPG systems and normalize the 
impaired feed back interaction between the HPA and 
HPG axes. 

Another possible explanation could be that NAN-
190 could affect GABA terminals in the hippocampus. 
5-HT1A receptors may also be located on glutamatergic 
terminals (Albert et al., 2014). Serotonin and GABA show 
a reciprocal modulatory function in the hippocampus 
(Sheline et al., 2003). This region is rich in both 5-HT 
and GABA terminals and receptors (Stanzione et al., 
1984; Bitran et al., 1993). Projections from serotonergic 
neurons of the raphe nuclei terminate on GABAergic 
hippocampal interneurons increasing or decreasing 
their activity via serotonergic receptors (Halasy et al., 
1992; Pick et al., 1995). 

In our study, the possible NAN-190 effects in 
hippocampus may be useful to study the respective 
contribution direct of serotonin and/or indirect of GABA 
in the treatment of psychiatric diseases. Moreover, it 
has been proposed that anxiogenic-like action of 8-OH-
DPAT might also be mediated through activation of 
5-HT7 receptors (Hedlund et al., 2004; Mombereau et 
al., 2010). Further studies are necessary to determine if 
modulation of 5-HT7 receptors contribute to the effects 
of 8-OH-DPAT. 

Thus, the present data of the study indicates that 
chronic NAN-190 treatment on anxiety-related behavior 
after gonadectomy can be explained by its direct and/
or indirect dual action on emotional functions of the 
brain and modifications of HPG or/and HPA axes. Taken 
together, it can be proposed that the positive effect of 
chronic NAN-190 treatment on anxiety-related brain 
function after gonadectomy is connected with its mutual 

and complex action on the numerous neurochemical 
and neurohormonal pathways. Other kind of studies is 
obviously necessary to elucidate the detail mechanism of 
action of NAN-190 in the brain.

Conclusion 

Thus, the results of this study suggest that chronic 8-OH-
DPAT and NAN-190 treatments can modify anxiety-
like profile in opposite direction in GDX and GDX/TP 
male rats. The data also indicate that the combination of 
NAN-190 and TP is more effective than TP alone in GDX 
rats inducing a more profound anxiolytic-like effect in 
the EPM. Furthermore, this is the first study to show a 
beneficial effect of chronic NAN-190 administration on 
anxiety-related state in male rats with low androgen 
levels. This work promotes more effective creating of 
the novel therapeutic targets and strategies for anxiety 
treatment in subjects with androgen imbalance.

There are no any potential conflict interests for this 
article.
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