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Most of studies dealing with the effects of steroids on 
behaviour examine only the classical genomic path-
ways. The genomic mechanism requires the binding of 
a steroid to an intracellular receptor, translocation of 
this complex into the nucleus and thus inducing protein 
synthesis and RNA transcription (McEwen 1991). This 
process is relatively slow and may take several hours or 
days. In addition to this slow effect, non-genomic 
effects of steroids were described in 1942, when Hans 
Salye observed a rapid anaesthetic effect after the appli-
cation of progesterone. This effect was further used for 
the development of steroid anaesthesia (Salye 1942).

In contrast to the genomic effect, the non-genomic 
effect is fast (within few seconds or minutes) for the 
activation of DNA transcription (Foradori et al. 2008) 
and it does not depend on gene transcription or protein 
synthesis. It rather involves steroid-induced modula-
tion of cytoplasmic or cell membrane-bound regulato-
ry proteins (Simoncini and Genazzani 2003). However, 
it is still not clear, if this effect is induced directly by 
the steroid in the absence of a receptor or can be medi-
ated through a classical steroid receptor or a distinct 
non-classical steroid receptor that is possibly associat-
ed with the plasma membrane (Heinlein and Chang 
2002).

It is known, that steroid hormones such as testoster-
one are able to influence the behaviour of people and 
animals. Some studies have shown that female mice 
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when compared to male mice spent less time in the 
open arms of the elevated plus maze (Frick et al. 2000, 
Johnston and File 1991), indicating increased anxiety 
as behaviour of females. In male rats, increased anxi-
ety was observed in the elevated plus maze and open-
field test after castration (Edinger and Frye 2004). In 
contrast, after administration of testosterone to cas-
trated rats, the anxiety was reduced (Fernandez-Guasti 
and Martinez-Mota 2005). Testosterone also plays an 
important role in social behaviour, especially in males. 
It can influence reproductive behaviour and aggres-
siveness (Sessa et al. 2013). Frye and Seliga observed 
that castration and also testosterone supplementation 
can decrease the social interaction in comparison with 
intact male rats (Frye and Seliga 2001). However, little 
is known about the non-genomic effect of testosterone 
on male and female social behaviour. The aim of our 
work was to describe the non-genomic effect of testos-
terone on the social behaviour of OVX female and 
GDX male rats after the administration of both andro-
gen and oestrogen receptor blockers to distinguish it 
from the genomic mechanism.

Our experiment was carried out on 40 male and 20 
female Wistar rats (Anlab, Prague, the Czech Republic). 
The animals were housed in groups of 5 with food and 
water ad libitum under controlled conditions: tempera-
ture 25±2˚C and humidity 55±10%. The light/dark 
cycle was maintained at 12 hours each of light and 
dark (light on 08:00). The female rats were divided into 
2 groups: a control group (OVX-CTRL, n=10) and a 
testosterone group (OVX-TST, n=10) and male rats 
were divided into 4 groups: a sham operated group 
treated with oil (SHAM-CTRL, n=10), a sham operat-
ed group treated with testosterone (SHAM-TST, n=10), 
a castrated group treated with oil (GDX-CTRL, n=10) 
and a castrated group treated with testosterone (GDX-
-TST, n=10). This study was conducted in accordance 
with the European Communities Council Directive 
86/609/EEC.

In the age of 15 weeks, the animals were anaesthe-
tized with ketamine (100 mg/kg, Narkamon inj, 
Bioveta, Czech Republic) and xylazine (10 mg/kg, 
Xylariem inj, Riemser, Germany) and gonadectomised 
or sham operated. Both testes were extracted through 
a small incision made at the posterior tip of the scro-
tum and ligated with a silk suture, or both ovaries were 
extracted through a small incision in the lower abdo-
men and ligated with the silk suture. Intact male rats 
underwent sham surgery without gonadectomy.

Two weeks after the surgery, animals received flut-
amide, an androgen receptor blocker (20 mg/kg; 
Flutamide, Sigma, St. Louis, USA) and tamoxifen, a 
selective oestrogen receptor modulator (SERM) with 
mixed agonist/antagonist properties depending on the 
target tissue (10 mg/kg; Tamoxifen dihydrogen citrate, 
PLIVA – Lachema, Brno, Czech Republic). The dos-
ages were determined according to previously pub-
lished experiments (Frye and Rhodes 2002, Robinson 
et al. 2012). In this experiment we did not use animals 
without blocker antagonist administration because our 
hypothesis was that non-genomic effect of testosterone 
can be mediated via non-classical steroid receptors 
associated with the plasma membrane. Flutamide, a 
classical androgen receptor blocker, does not cross-re-
act with any of the steroid receptors (Gao et al. 2006). 
Tamoxifen is a non-steroidal oestrogen receptor block-
er and acts as an antagonist in the central nervous 
system. It was proved to block the effect of estradiol on 
dendritic spines of hippocampal neurons (Cyr et al. 
2002). However, experiments have shown that tamox-
ifen can also influence the expression of a progester-
one receptor in some tissues (Mourits et al. 2002). The 
blockade was administered a day before and subse-
quently 2 hours before the testing. The control groups 
received olive oil (Oleum Olivae, VULM, LtD., 
Slovakia). Testosterone groups received 1 mg/kg of 
testosterone (testosterone propionate T1875, Sigma, 
St. Louis, USA) intramuscularly an hour prior to the 
testing (de Beun et al. 1992). After the behavioural 
testing, blood samples were collected and concentra-
tion of testosterone in the plasma was measured with 
the commercially available ELISA kit (DRG Diagnostic, 
Marburg, Germany).

To investigate the possible non-genomic effect of tes-
tosterone on rat social behaviour, the social interaction 
test was used. This test can be utilized to assess anxiety 
and exploratory behaviour (File and Hyde 1978). The 
design of the test was similar as was described by Frye 
(Frye 2001). The familiar social test apparatus consisted 
of a rectangular 100×100 cm box placed in a dark room. 
The middle of the maze was well lit. In contrast to the 
test used by Frye (2001), we placed the strange animal of 
the same gender in the corner of the box in a cage to 
avoid attacks between animals. Tested rats were posi-
tioned in the middle of the maze and allowed to freely 
explore the maze for 10 minutes. Behavioural data were 
analysed by the tracking software EthoVision XT 10 
(Noldus, Netherlands). The total distance moved (cm), 
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mean velocity of the movement (cm/s) and time spent in 
social interaction with a strange animal (moving in the 
zone of strange animal and sniffing) were calculated. 
Measurements from social interaction test and the con-
centration of testosterone of males were statistically 
evaluated by using the two-way analysis of variance 
ANOVA with Bonferroni post-hoc correction. Social 
behaviour and the plasma testosterone concentration of 
females were statistically evaluated by using unpaired 
non-parametric Mann-Whitney test. P<0.05 was consid-
ered to be statistically significant. Results are presented 
as mean plus standard error of the mean.

The two-way ANOVA for male testosterone concen-
trations have showed significant differences due to 
surgery (F1,34=15.54, P<0.001), treatment (F1,34=26.75, 
P<0.0001) and the interaction surgery x treatment 
(F1,34=8.717, P<0.01). Post hoc comparison has showed 
significant difference (P<0.0001) between GDX-CTRL 
and SHAM-CTRL groups that were treated with oil. 
After comparison of both testosterone groups we have 
found no significant difference (P=0.9539; Fig. 1A). 
The OVX-TST group of females had a significantly 
higher concentration of testosterone (P<0.0001) when 
compared with the OVX-CTRL group (Fig. 1B).

While the concentration of testosterone was signifi-
cantly increased, two-way ANOVA for male social 
interaction have not revealed significant influence of 

surgery (F1,35=0.6796, P=0.4153), treatment (F1,35=0.2076, 
P=0.6514) and a surgery by treatment interaction 
(F1,35=0.0029, P=0.9575). In addition, post hoc com-
parison has shown no significance differences in inter-
action time of tested male rats (P=0.9999; Fig. 2A). 
The unpaired non-parametric Mann-Whitney test has 
also showed no significant differences in social inter-
action between OVX-CTRL and OVX-TST female rats 
(P=0.999; Fig. 2B). Similarly, no significant difference 
was found in velocity and distance moved (data not 
shown).

In this study we have hypothesized that a rapid 
effect of testosterone can be mediated via a non-classi-
cal androgen receptor associated with the plasma 
membrane. For this reason we used classical steroid 
receptor blockers – flutamide and tamoxifen. Non-
genomic mechanisms of steroid hormones can occur 
within few seconds or minutes after increasing their 
concentration and are considered to be independent of 
receptors acting in the nucleus. Aikey et al. observed 
that effect of testosterone (within 30 minutes) on anxi-
ety after a single application of testosterone propionate 
in male mice (Aikey et al. 2002). There are also some 
studies, which suggest, that testosterone can quickly 
affect variety of other behaviour e.g.: coupling behav-
iour (James and Nyby 2002) or affective states in 
males (Alexander et al. 1994).

Fig. 1. Concentration of testosterone in plasma after behavioral testing (A) – concentration of testosterone in males, **** 
denotes P<0.0001 in comparison between SHAM-CTRL and GDX-CTRL groups;. (B) – concentration of testosterone in 
females, **** denotes P<0.0001 in comparison with OVX-CTRL group. Data are presented as mean plus standard error of 
the mean. SHAM-CTRL – sham operated group of males with oil, SHAM-TST – sham operated group of males with testos-
terone, GDX-CTRL – castrated group of males with oil, GDX-TST – castrated group of males with testosterone, OVX- 
-CTRL – ovariectomized group of females with oil, OVX-TST – ovariectomized group of females with testosterone.
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The non-genomic effect of testosterone can be also 
mediated via local aromatization of testosterone into 
estradiol in the brain (Nyby 2008). There is some evi-
dence, that estradiol may act rapidly to increase male 
mating behaviour in rats and quail or aggression in 
mice (Steinman and Trainor 2010). In order to distin-
guish the non-genomic effect of testosterone from that 
of estradiol we administered a selective oestrogen 
receptor modulator – tamoxifen to all groups of exper-
imental animals. However, our study confirmed no 
rapid effect of testosterone on social behaviour after 
blockade of both androgen and oestrogen receptors. 
Although the testosterone concentration in the plasma 
was higher in groups which received testosterone pro-
pionate, we have found no significant difference in 
social behaviour of tested male and female rats. Frye 
and Seliga (2001) observed similar effect of testoster-
one administration to gonadectomised male rats in the 
social interaction test. They found no significant dif-
ference in comparison with gonadectomised rats treat-
ed with oil. However, in contrast to our study, the 
concentration of testosterone was supra-physiological. 
In addition, Frye also found significant difference in 
social interaction of gonadectomised rats and gonadec-
tomised rats treated with testosterone compared to the 
intact male group. 

Results from this study suggest, that the non-ge-
nomic effect of steroids can be in some cases induced 
through non-transcriptional effect of the classical ste-
roid receptors, because we have observed no effect of 

testosterone on social behaviour after androgen and 
oestrogen receptor blockade. However, there are some 
limitations of our study. The effect of flutamide on 
membrane associated androgen receptors is still not 
very clear. Some experiments suggest that flutamide 
may block both intracellular and membrane-associated 
androgen receptors and not only intracellular receptors 
(Sato et al. 2010). We did not use animals without ste-
roid receptor blockade and also intact rats. Probably 
the use of another type of social interaction test, for 
example the Three-chamber social interaction test, 
would be more useful for this experiment. Moreover, 
the castrated status of animal in this study is question-
able as have suggested Cross and co-author (Cross and 
Rosseli 1999). Instead of androgen and oestrogen 
blockade, the next experiment can be focused on the 
use of testosterone albumin conjugate (testosterone-
BSA) that can acts only on membrane receptors and 
the application of steroid antagonist is not needed 
(Naghdi and Asadollahi 2004). Further studies are 
needed to understand the molecular mechanism of the 
non-genomic effect of testosterone on social behav-
iour. 
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the ERDF. Grant number: ITMS 26240220086.

Fig. 2. Test of social interaction (A) – social interaction of males. (B) – social interaction of females. Data are presented as 
mean plus standard error of the mean. SHAM-CTRL – sham operated group of males with oil, SHAM-TST – sham oper-
ated group of males with testosterone, GDX-CTRL – castrated group of males with oil, GDX-TST – castrated group of males 
with testosterone, OVX-CTRL – ovariectomized group of females with oil, OVX-TST – ovariectomized group of females 
with testosterone.
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