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Abstract 

It has recently been accepted that organizational events are taking place in adolescence, in 

addition to neo- and perinatal phases. These types of events have the potential to lead to lasting 

behavioral effects in adulthood because the changes made to brain structure by testosterone here 

are permanent.  Previous research has reported a positive relationship between adolescent sex 

and depressive-like responses. Although mating behavior is associated with increased pulse 

amplitude and frequency of testosterone secretion, it remains unknown whether the relationship 

between early exposure to testosterone directly influences subsequent depressive behaviors.  In 

this study, we used Siberian hamsters (Phodopus sungorus) to investigate a potential causal 

relationship and examine potential mechanisms.  At birth, male hamsters were randomly 

assigned to one of five groups: (1) hamsters were administered testosterone (T) during puberty at 

postnatal day 40 and underwent behavioral assessment starting on day 120 (P40X80), (2) 

hamsters were injected with T during puberty at postnatal day 40 and assessed beginning at 80 

days of age (P40X40), (3) hamsters received an injection of T in adulthood at postnatal day 80 

and began assessments on day 120 (P80X40), (4) T was administered to hamsters at postnatal 

day 80 and were assessed beginning at 160 days of age (P80X80), or (5) hamsters were not given 

an injection of T. Hamsters underwent behavioral testing in (A) the open field test (OF)- a test of 

anxiety-like behavior, (B) the elevated plus maze EPM- also for anxiety-like behavior, and (C) 

the Porsolt forced swim test (FST)- a test for depressive-like behaviors.  Hamsters that were 

exposed to T during adolescence displayed increased anxiety- and depressive-like behavioral 

responses, as compared to the non-T and adult-T injected hamsters. These results may be useful 

in understanding how exposure to higher-than-typical concentrations of sex-steroid hormone 

during adolescence can affect physical and mental health outcomes in humans. 
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Introduction 

 During the mammalian transition to adulthood, two very important processes occur- 

puberty and adolescence.  Puberty occurs when GnRH (Gonadotropin Releasing Hormone) 

triggers the production of steroid hormones, more specifically, testosterone.  Testosterone then 

plays a hand in adolescence by activating and deactivating certain neural circuits (Sisk & Foster, 

2004).  Until recently, it was thought that organization (the permanent sculpting of the nervous 

system by steroid hormones) primarily occurred in neo- and perinatal development.  It has since 

been accepted that in addition to the aforementioned activation, that organization also occurs in 

adolescence (Sisk & Zehr, 2005).  Because adolescence is a phase in which the brain is highly 

sensitive, any permanent neural changes have a chance of making a long-term, undesirable 

impact on both the structure and function of the brain (Romeo & McEwen, 2006).  The resulting 

effects of this sensitivity to testosterone, includes changes in long-term behavioral phenotype and 

adult mental health.   

An estimated 14.8 million Americans have been diagnosed with clinical depressive 

disorder, and although many correlates of depression have been identified, mechanisms of this 

are unknown (Kessler et al., 2005). Research suggests that exposure to an early sexual 

experience might be correlated to a potential pathway.  Assessing this in humans is very difficult 

to do, mainly because humans have a comparatively prolonged maturation process.  All things 

considered, the most feasible model for this experiment is a rodent, i.e., a hamster (Cryan & 

Holmes, 2005) because their physiological and behavioral responses are similar to humans.  

Research regarding the long-term impact of adolescent social interactions is now gaining 

a larger presence and exacerbated depressive- and anxiety-like responses after sexual experience 

have been reported (Morris, 2011).  This was demonstrated by performing various behavioral 
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tests on adolescent and adult hamsters after they had sexual experiences.  The results of this 

study showed that the adolescents were displaying markedly increased anxiety- and depressive-

like behaviors.   

One of the pitfalls with this sexual experience study, however, was an inability to 

differentiate whether this was a result of elevated testosterone concentrations (which is likely 

released throughout the sexual experience) or not.  This study was designed to investigate the 

role testosterone was playing in this response.  This was done by eliminating the sexual 

experience and administering exogenous testosterone. 

Based on previous studies, we hypothesized that exposure to testosterone (as much as the 

putative elevated levels associated with sexual experience) during adolescence provokes 

enduring effects on behavior, specifically, behavior related to anxiety and depression.  If this 

hypothesis is supported, then one of two scenarios will occur: (1) either adolescent hamsters 

which had testosterone administered to them will have similar results (i.e., increased anxiety- and 

depressive-like responses) as adolescents in the previous sexual experience studies or (2) they 

will spend more time displaying such behavior than did the hamsters from the sexual experience 

study.  If the data do not support the hypothesis, then we predict that hamsters treated with 

testosterone would either mirror the control group, or show no differences between adults and 

adolescents.  By conducting this experiment, we hope to find a link between the testosterone 

exposure only (as opposed to the sexual experience as a whole) and the anxiety- and depressive-

like behavior. 

Methods 

Animals  

Siberian hamsters (Phodopus sungorus) used in this project were bred in a colony at Ohio State 
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University and were derived from progenitors obtained from Dr. K. Wynne-Edwards (Kingston, 

Ontario, Canada).  Hamsters dwelled in polypropylene cages (28 x 17 x 12 cm) with a nestlet 

and corncob bedding (1 cm).  Hamsters were weaned at approximately 21 days of age in a long 

photoperiod (16:8 L:D; lights-off at 15:00 EST in the room) and housed within this room for the 

duration of the project.  All subjects had unrestricted access to food (Harlan Teklad Rodent Diet 

8640, Indianapolis, IN) and filtered tap water.  Rooms were held at constant temperature and 

humidity (21 ± 2° C and 50 ± 10%, respectively).  All procedures were conducted in accordance 

with the US National Institute of Health (1986) Guide for the Care and Use of Laboratory 

Animals, The Ohio State University Institutional Animal Care and Use Committee, and the 

international ethical standards (Portaluppi et al., 2010). 

Experimental Groups 

At either 40 or 80 days of age, the experimental hamsters were subcutaneously injected with 

testosterone at a concentration of 250 (ug/kg mass of hamster) in olive oil, whereas the control 

animals received only the olive oil vehicle.  Depending on the group assignment, behavioral 

testing was then conducted on either Day 80, 120, or 160.  In the beginning of the study, 

behavioral testing was initiated at 120 days of age for all of the experimental groups.  However, 

this created a situation in which 80 days lapsed between tests for the 40-day group and 40 days 

lapsed for the 80-day group.  To mitigate this variable, additional groups were added.  Thus, 

hamsters were still provided sexual experience-like testosterone concentration at either 40 or 80 

days of age, but now they were also being tested 40 or 80 days later (i.e., there were now four 

experimental groups plus a control, each with 8-10 hamsters), viz., P40 X 40, P40 X 80, P80 X 

40, P80 X 80).   
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All forms of behavioral testing were administered between 15:00 and 18:00 h and hamsters were 

given 30 min to get used to the test room before initiation of testing.  Tests were performed in the 

following order: (1) open field test, (2) elevated-Plus maze/bar cross, and (3) Porsolt forced 

swim test.  This specific order was chosen because it presents the hamsters with a gradual 

increase in stress, so that stress from previous test was not acting as a confounding variable in the 

next test.  

Behavioral Tests 

Tests of Anxiety-Like Responses  

Open Field Test 

Hamsters were examined for exploratory behavior in the center of an open field relative to zones 

near the walls. The zones were established by putting colored adhesive tape on the floor in the 

shape of a small rectangle.  A larger terrarium was placed so that the glass walls surrounded the 

tape rectangle and made a 4 cm border.  This border was the walled zone, whereas the interior 

side of the rectangle was the open region.  This test was carried out under red light illumination 

and videotaped for 7 min and scored by an uninformed observer with The Observer software 

(Noldus Corp., Leesburg, VA) to determine (a) time spent in the center of the open field, (b) time 

spent by the wall. 

The reasons behind using this test to assess anxiety-like behavior are several-fold.  First of all, it 

does not depend on rate of movement.  Rather, our approach was simply to see where the 

hamsters were spending their time (open vs. walled region), not how.  Furthermore, either tall 

walls or a great height does not constrict the hamsters’ movement, unlike the case in the elevated 
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plus maze.  Thus, there is less stress associated with this test than any other, making it an ideal 

first test, because having either plus maze or forced swim precede this test would introduce stress 

responses not warranted by the open field itself (Trinidade et al., 2010). 

Elevated Plus Maze/Bar Cross 

At 80, 120, or 160 days of age, the hamsters were tested in the elevated plus maze, according to 

group assignment.  The EPM test consists of two open and two closed 6-cm wide wings in a 

plus-shaped configuration standing 1 m off the floor (Hogg, 1996).  The closed wings are walled 

by 15 cm tall black Plexiglas. Each hamster was released into one of the closed wings and 

allowed to move freely on the apparatus for a 5-min testing period that was videotaped from 

above the maze.  Hamsters that fell off were placed back on the apparatus for the remainder of 

the testing period.  All surfaces were wiped with 70% alcohol between animals.  An observer 

uninformed about experimental conditions scored the videotapes with The Observer software 

(Version 5, Noldus Software, Leesburg, VA) for (a) percentage of entries into open arms (b) and 

total entries into all arms.  Hamsters were considered to have entered an arm when all four paws 

crossed onto a wing of the maze.  A bar of colored adhesive tape marked the edge of a wing. 

This test of spontaneous behavior was chosen because it is a behaviorally valid test of anxiety in 

rodents (Pellow et al., 1985).  The number of entries made onto the open wings and the time 

spent there indicate moments of low anxiety, whereas time spent in the closed wings indicates 

the opposite.  This reflects the natural inclination of rodents to avoid open spaces because it 

allows for them to avoid predation.  
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Tests of Depressive-like Responses 

Porsolt Forced Swim Test 

Hamsters were examined for their ending of an attempted escape of water by placing them in 17 

cm of room-temperature tap water (22 ± 1 °C) in a cylindrical chamber (24 cm diameter, 53 cm 

height) with opaque walls (Castagne et al., 2001).  This test was conducted under red light and 

videotaped for 7 min and scored by an uninformed observer with The Observer software (Noldus 

Corp., Leesburg, VA) to determine (a) active escape behavior (i.e., climbing or scratching 

directed at the wall of the tank and horizontal movement in the tank), (b) passive escape behavior 

(i.e., minimal movement required to maintain head above the surface of the water).   

The reasoning behind this test is because much like symptoms of anxiety, depressive 

symptoms have been linked to sexual contact (Kaltiala-Heino et al., 2003).  Symptoms including 

decreased energy and effort have been identified in animal studies in the past (Anisman & 

Matheson, 2005).  Reduced active escape behaviors and far more time remaining immobile 

reflect not only depressed symptomatology, but also a learned helpless response.    

Statistical Analyses 

Data analyses were conducted using a 5 x 2 analysis of variance (ANOVA) with variables being 

(testosterone vs. age). All data analyses were conducted through the use of SPSS software, 

version 16.0 (SPSS, Chicago, IL).  In all cases, mean differences were considered to be 

statistically significant when P ≤ 0.05.  Follow-up analysis included Bonferroni correction 

method and Tukey post hoc test. 
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Results 

Animals that were exposed to T during adolescence displayed increased anxiety- and depressive-

like behavioral responses, compared to the non-T and adult-T injected hamsters. In the open field 

test, testosterone was coupled to significant increases in the percentage of time spent along the 

perimeter of the open field chamber (P < 0.02) (Figure 1A). There were no differences shown in 

any of the other groups measured. In the elevated plus maze, the P40 and P40X40 hamsters spent 

significantly less time in the open arms (Figure 1B). The percentage of time P40 hamsters spent 

in the open arms of the (P < 0.01); versus P80 males (P < 0.02); versus P80X80 males (P < 

0.02); were comparable to control animals.  As for the Bar Crossing test, each experimental 

group moved at a comparable rate with the others; no significant differences were observed 

(P>0.05) (Figure 1C). In the forced swim test, the P40 and P40X40 adolescent exposure to 

testosterone was coupled to significant increases in the percentage of time spent floating in the 

bucket of water (P < 0.01) (Figure 1D). Table 1 summarizes these results.  

 

Table 1: 
Behavioral 
Responses 

OF (% Center) EPM (% Open 
Wing) 

EPM (Bar 
Crossing) 

FST (% Float) 

Control 27.5 ± 3.54 21.1 ± 2.87 19 ± 1.15 0.003 ± 0.6 

40X40 18.9 ± 3.66* 8.95 ± 1.60* 21 ± 2.36 0.135 ± 2.6* 

40X80 15.2 ± 2.49 6.17 ± 2.86* 16 ±3.86 0.336 ± 8.6* 
80X40 22.1 ± 4.94 19.3 ± 6.83 16 ± 3.10 0.061 ± 2.9 
80X80 20.8 ± 4.84 15.7 ± 4.93 21 ± 3.38 0.089 ± 4.1 
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Table 1: Means and SEM for the Open Field Test: percentage of time spent in the center of the 
chamber, Elevated Plus Maze: percentage of time spent in the open wing of the maze, Elevated 
Plus Maze (Bar Crossing): total # of times crossed into open/closed wing of the maze, Porsolt 
Forced Swim Test: percentage of time spent floating in water.  Testosterone effect, P<0.05. 
 

Discussion 

Previous research has established that sexual experiences are sufficient to provoke 

increased anxiety-like behavior during adulthood (Morris, 2011).  The goal of the present 

experiment was to differentiate between two potential endocrine mechanisms: either elevated 

A B 

 D 
 

C 

Figure 1: (A) The Open Field Test: Percentage of time (s) spent in the center (mean +SEM) of the 
open field chamber, P40 testosterone hamsters spent significantly less time in the center of the 
chamber than the control hamsters. (B) Elevated Plus Maze: Percentage of time (s) spent in the open 
arm (mean + SEM) of the elevated plus maze.  P40 and P40X40 spent significantly less time on the 
open wing than did the controls or the adult groups.  (C) Bar Crossing: No significant differences. 
(D) Porsolt Forced Swim Test: Percentage of time (s) floating (mean + SEM).  For all T injected 
animals, T was coupled to swimming in a passive manner.  * Indicates statistical significant effect of 
testosterone, P <0.05. 
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testosterone associated with the sexual experience or a social stress triggered by the experience 

itself.  Our aim in this study was to evaluate the effects that testosterone exposure alone can have 

on behavioral development.   

Previous research has shown that testosterone that was administered during the early part 

of puberty led to more profound adult-typical behavior.  Furthermore, a correlation has been 

shown to exist between testosterone and anxiety and depressive-related behavior (Sisk & Zehr, 

2005).  The question that is raised, is if the critical period does include adolescence, then what 

kind of behavioral effect is that going to have in the long term? 

The first test that was utilized to assess this was the open field test.  The open field test 

was used first because it induces less anxious-like behavior than the elevated plus maze and 

forced swim test (Trinidade et al., 2010; Hogg, 1996) and could confirm that T was having any 

effect as an inducer of anxiety at all.  Although this test was able to confirm the latter (the 

adolescents and the adults spent significantly lower time in the center of the chamber than the 

controls), it did not point towards any differences between the adolescents and the adults.  This 

might have been because the adolescents were displaying signs of organization, whereas the 

adults were responding to testosterone as an anxiety inducer.  A test that could induce greater 

levels of anxiety was needed to determine if this was the case or not.  

The logical next test used to assess anxiety-like behavior was the elevated plus maze test, 

which involved placing the hamster on an elevated platform with two closed chambers and two 

open wings.  This test is significantly more stressful than the open field for the simple reason that 

one wrong step can lead to a one-meter fall.  It was here that T had differing effects on the 

adolescents than the adults.  Indeed, the adolescents spent less than half the time that the controls 
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and adults did on the open wing, suggesting that testosterone had induced organization, which in 

turn led to this display of increased anxiety-like behavior. 

Unfortunately, this test had one design flaw that was caught early on.  By placing a 

hamster inside an elevated plus maze, it is impossible to know if one of the groups is more active 

than the others.  This problem was mitigated by placing a bar of tape at the border of each wing 

of the maze.  Then, the number of times the hamsters crossed the bar was observed in a given 

time frame.  Thus, by establishing the rate of bar crossings over time, we were able to confirm 

that the hamsters were moving at a similar rate, but spending more time in a given wing of the 

maze.  Because these results had no significant differences, we are able to say that not only were 

the hamsters all moving at the same rate, but also that they spent their time in different wings.  

Thus, by moving around in the closed wings rather than the open ones, we can say that T is 

likely playing a mediating role in spawning these anxious-like responses.  

The next step was to look for an increase in depressive behavior because similar to 

anxiety-like behavior, an increase in depressive symptoms has also been linked to sexual contact 

(Kaltiala-Heino, Kosunen, Rimpela, 2003).  The Porsolt forced swim test is useful in this regard 

because it directly measures how much time is allocated to immobility during the most stressful 

of all the tests.  The hamsters that had early sexual experiences and testosterone administration 

during adolescence showed far less time displaying active escape behaviors and far more time 

remaining immobile, suggesting that a learned helpless response.   Furthermore, the adolescent 

hamsters exposed to T stopped displaying active escape behavior more quickly than did the 

controls or the adults. 

 The significance of these results stems from how even though we tested different 
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parameters, the behavioral analyses of both sexual experience and testosterone-administered 

hamsters mirrored each other in a way that suggests that testosterone plays a crucial role in 

mediating this process.  By administering testosterone directly, it allowed us to confirm that the 

presence of testosterone is sufficient for all the maladaptive effects experienced by the hamsters 

in adulthood.  However, we still are not able to say, whether it is necessary for those effects or 

not.  Research that would uncover the biological mechanism associated with this is required and 

is underway.   

 This also leads us to conclude that the sexual experience-like concentrations of 

testosterone are yielding additional organizational effects, which in turn lead to these behaviors 

in adulthood.  If this were not the case, then the P40X80 group would not have deviated so much 

from the adults and controls in the elevated plus maze as well as the forced swim test.  This is 

most likely the case because puberty and adolescence have not finished yet, leaving the hamsters 

still in their critical phase.  We suspect that if this is the case, then testosterone is acting on a 

more sensitive brain, and in turn organizing the nervous system in a way that yields such 

behavior.  This is why the adults (whose critical phase has passed) in the forced swim test 

exhibited minute depressive-like behavior compared to the adolescents.   

 The next step in the process is to investigate this in humans.  Even though animal models 

are great representatives of what could occur in humans, there are social and environmental 

factors that are still unique to humans.   The role testosterone exposure could play in human 

interactions with those factors could uncover mechanisms that explain a lot about why 

adolescent humans turn into the adults that they become.  Could these effects be directly due to 

the steroid hormone’s presence, or could it be a withdrawal-like symptom, similar to those 

experienced by androgen anabolic steroid users (Uzych, 1992).  What we did was a 
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pharmacological test in a very controlled setting.  While it does establish that testosterone is 

sufficient for maladaptive responses, it leaves the question as to whether those responses will 

play a role in human interactions, or whether social and environmental factors could mitigate 

them altogether. 
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