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Effects of Antidepressants on Behavioral Assessment in Adolescent Rats 
 

    Hesham El Refaey, PhD* Hasan S Amri, MD, SSC-Psych** 
 

  
Objective: To assess the usefulness of the forced swim test (FST) in juvenile rats and to 
determine the efficacy of two antidepressants on the behavioral changes of adult and 
juvenile rats. 
 
Design: Animal interventional study.  
 
Setting: Department of Pharmacology, Creighton University, Omaha, USA.  
 
Method: Adult and 28 days old rats received saline, Imipramine or Fluoxetine three times 
during the 24 hours between 15 minutes pre-swim and the 5 minutes swim test. Immobility, 
swimming and climbing behaviors were measured. Locomotor activity was assessed for 28 
days old rats in an open field test.  
 
Result: Imipramine-treated juvenile rats had a decrease of immobility and increase 
climbing behavior, whereas Fluoxetine-treated juveniles had a decrease in immobility and 
increase in swimming behavior, both in a dose dependent manner.  
 
Conclusion: The present study clearly showed that the antidepressant effects of 
Imipramine and Fluoxetine can be applied to juvenile rats in the forced swim test; it could 
be validated as practical model for screening of the antidepressant effects. 
 
Bahrain Med Bull 2011; 33(2): 
 
The forced swim animal model is a common behavioral test for assessing depression in rodents 
and testing the efficiency of anti-depressants drugs. As originally developed by Porsolt in 1977, a 
rat is forced to swim for 15 minutes in a narrow cylinder from which there is no escape1,2. After 
an initial struggle the rat becomes immobile, that is, it floats while making only movements 
necessary to keep its head above the water. Administration of clinically effective antidepressant 
drugs prior to a second 5 minutes test swim session decreases the time an animal is immobile  
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compared to saline treated animals, and thus the decrease in immobility time is used as an index 
of antidepressant activity. As a screen for drugs with antidepressant activity, the forced-swim test 
is selective for drugs which are clinically effective, and does not respond to most other classes of 
psychotropic medications3. False positive effects do occur with stimulants due to the generalized 
increase in activity, which is controlled for by use of an additional test for motor activity. A 
potential limitation of the forced-swim test is the short duration of drug treatment required to get 
an antidepressant effect. In rats 3 doses over 24 hours, and in mice a single dose, are sufficient to 
reduce immobility time, whereas the clinical elevation of mood may take several weeks of 
treatment. In addition, the interpretation of immobility as “behavioral despair” is controversial3-5. 
Thus, caution should be used in classifying the forced-swim test as a model of depression. 
 
Despite some limitations, the forced-swim test is currently the most widely used preclinical in 
vivo test of antidepressant efficacy6,7. In the modified forced-swim test, increased water depth 
prevents rats from contacting the bottom of the tank8,9. A remarkable characteristic of the 
modified forced-swim test is that drugs which affect serotonin decrease immobility and increase 
swimming behavior, whereas drugs which affect norepinephrine also decrease immobility but 
increase climbing behavior.  
 
Pediatric depression is a significant health issue, with a prevalence of 2.5% in children and 5-8% 

in adolescents10,11. By the end of adolescence, 20-25% of the pediatric population will have had 
an episode of major depressive disorder, with deleterious effects on social development, 
personality and the risk of self harm11-14. The presentation of major depressive disorder in the 
pediatric population, although similar to symptoms in adults, differs in that irritability, anger and 
anxiety are often present15-17.  
 
The developmental period is short in rats, they are born immature compared to humans, open 
their eyes at day 12-14, are weaned at day 21, and adolescence is generally defined as day 28 
through day 4218. Although the FST model developed in adult animals can serve as starting 
point, it must be adapted and validated in juvenile animals due to many differences between 
juvenile and adult animals.  
 
The aim of this study is to assess the usefulness of the forced swim test (FST) in juvenile rats and 
to determine the efficacy of two antidepressants on the behavioral changes of adult and juvenile 
rats. 
 
METHOD 
 
Animals 
 
Juvenile and adult male Sprague-Dawley rats (Sasco/Charles River, Wilmington, MA) were used 
in these studies. Juvenile rats weighed 82 ± 10 gm on day 27 at the time of the swim pre-test, 
while adult male rats weighed 240 ± 15 gm. All animals were maintained on a 12-hour light: 
dark cycle (lights on at 7:00 am) in a temperature-controlled (22°C) room. Animals had free 
access to food and water, and were handled daily for at least 5 adaptation days before behavioral 
procedures. All experimental procedures were carried out in accordance with protocols approved 
by Creighton University, Omaha, USA Institutional Animal Care and Use Committee. 
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Forced-swim Test 
 
The procedure used was based on that described by Porsolt2 and modified to increase sensitivity 
by increasing water depth8,9. Behavioral studies were carried out in the afternoon (12:00 -17:00) 
under low illumination. Rats were placed individually in Plexiglas cylinders (Midwest Plastics, 
Inc., Omaha, NE) 46 cm in height with a 21 cm internal diameter that were filled with water 
(25ºC) to a depth of 30 cm. This depth was sufficient to keep adult rats from supporting 
themselves by placing their paws or tails on the base of the cylinder. Water was changed 
between each swim session to prevent possible effects of an alarm substance released by rats 
during the swim session19. There were two swim sessions. The first was 15 minutes pre-test 
swim and 24 hours later a second 5 minutes swim test. The pre-test facilitates the development of 
immobility during the test session and increases the sensitivity for detecting antidepressant 
behavioral effects4. The 5 minutes swim test was used for analysis of behavior. Rats received 
saline, Imipramine (1, 5, 10 or 20 mg/kg) or Fluoxetine (1, 5 or 10 mg/kg) by Intraperitoneal 
injection three times following the initial 15 minutes pre-test swim, at 23.5, 7 minutes and 1 hour 
prior to the 5 minutes swim test. Adult and juvenile saline groups were 12, and for each drug 
concentration, the treatment group size was 8. 
 
Open-Field Test 

Locomotor activity was assessed for day 28 rats in an open field test. Drug treatments used the 
same schedule as for the forced-swim test, three intraperitoneal injections at 23.5, 7 minutes and 
1 hour before the open field test. Locomotor activity was compared between saline treated rats 
and rats receiving either Imipramine (20 mg/kg) or Fluoxetine (10 mg/kg), the highest doses of 
antidepressants used in the forced-swim test. The open-field test chamber consisted of a plastic 
bin (56 x 38 x 30 cm) with nine 12.7 x 7.6 cm square grids clearly drawn on the surface. An 
observer counted the number of line crosses during the 10 minutes test, recording the total line 
crosses at the end of each minute interval. Total grid line crossings during the 10 minutes were 
compared between treatment groups. 

Behavioral and Statistical Analyses 
 
The 5 minutes swim test session was videotaped, and each session was stored as a video file. A 
time-sampling technique was used, whereby the predominant behavior in each 5 seconds interval 
of the 5 minutes test swim was scored9. Immobility was assigned when the rat demonstrated 
floating behavior with no additional activity other than that required to keep its head above the 
water. Swimming behavior was defined as movement on the water surface throughout the swim 
chamber, with the rat in a horizontal position; climbing behavior was defined as upward-directed 
vigorous thrashing movements with the forepaws, usually along the side of the swim chamber. 
The three observers independently scored three adult and three day 28 test sessions. Each video 
was scored two or three times. The kappa coefficient indicates the strength of agreement, 
between scoring for an individual rater or among several raters, as follows: 0-0.20 poor; 0.21-
0.40 fair; 0.41-0.60 moderate; 0.61-0.80 good; and 0.81-1.00 very good20. 
 
Behavioral scoring for drug treatment effects on forced-swim test behaviors was done by one 
rater who was blind to the experimental conditions. The rater was trained to score behaviors 
separately for adult and day 28 rats just prior to data collection by scoring reference videos for 
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each age until intra-rater reliability > 85% was achieved. In the forced-swim test the two test 
drugs were analyzed individually, using immobility, swimming and climbing as endpoints, 
whereas age (day 28 versus adult) and drug dose (0, 1, 5 and 10 mg) for Fluoxetine, or (0, 1, 5, 
10 and 20 mg) for Imipramine, were the predictors. Two approaches were used: (1) the three 
endpoints were analyzed together as a random vector using 2-Way Multivariate ANOVA 
(MANOVA); (2) each endpoint was analyzed individually using a 2-Way ANOVA, followed by 
Bonferroni post tests. The significance level was set at p<0.05. Open-field data were analyzed by 
one-way ANOVA, followed by Dunnett's Multiple Comparison Test post test, with saline 
treatment as the control group. 
 
RESULT 
 
Reliability of Behavioral Analyses 
 
Intra-rater reliability for each observer and inter-rater reliability among observers is presented in 
Table 1. Each rater rescored adult forced-swim tests with very good or good reliability, as 
assessed by kappa statistic coefficients. Percent agreement between repeat scoring for the 
composite of all behaviors and for each individual behavior ranged from 86 to 97% for adults 
and ranged from 79 to 93% for juveniles. Inter-rater reliability was very good for both adult and 
juvenile forced-swim test repeat scorings.  
 
 
Table 1: Reliability of Behavioral Scoring in the Forced-Swim Test 
 

  Individual Behaviors 
         

Kappa (95% C.I.) 
Behaviors 
Composite 

Immobility 
% 

Swimming 
Agreement 

Climbing 
 

Intra-rater reliability 
Adult 

     

Rater 1 0.87** (0.76, 0.98) 90 ± 5 91 ± 3 88 ± 8 91 ± 5 
Rater 2 0.97** (0.85, 1.00) 94 ± 4 90 ± 8 95 ± 5 97 ± 3 
Rater 3 0.78 * (0.72, 0.85) 90 ± 4 86 ± 5 87 ± 9 96 ± 1 

Juvenile      
Rater 1 0.68 * (0.56, 0.80) 88 ± 2 86 ± 4 87 ± 7 91 ± 6 
Rater 2 0.77 * (0.65, 0.89) 89 ± 5 90 ± 8 83 ± 8 93 ± 8 
Rater 3 0.62 * (0.55, 0.68) 83 ± 7 92 ± 5 81 ± 14 79 ± 11 

Inter-rater reliability     
Adult 0.82** (0.75, 0.88) 91 ± 3 89 ± 2 90 ± 4 95 ± 4 
Juvenile 0.85** (0.78, 0.92) 88 ± 3 90 ± 3 85 ± 6 89 ± 9 
          *Good strength of agreement; **Very good strength of agreement 
 
 
Antidepressant Efficacy in Adult and Juvenile Forced-swim Test 
 
Fluoxetine: The effects of Fluoxetine are illustrated in Figure 1. In both adult and juvenile rats, 
Fluoxetine produced a dose-dependent decrease in immobility and an increase in swimming, 
with no effect on climbing. Analysis of the three behaviors together using a 2-way multivariate 
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ANOVA demonstrated a significant interaction between age and drug dose (p<0.05). Each 
behavior was analyzed individually by a 2-way ANOVA.  
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Figure 1: Mean Counts of Immobility, Swimming and Climbing in the Modified Forced 
Swim Test of Adult and Juvenile Rats Treated with Fluoxetine 
 
 
The effect of Fluoxetine on immobility showed that age (p=0.0238) and drug dose (p=0.0001) 
were significant, but that their interaction was not significant (p=0.1124). The lack of interaction 
between age and drug dose indicates that adult and juvenile rats respond to different doses in the 
same way. Total immobility time for adults was significantly lower than for juveniles.  
 
The effect of Fluoxetine on swimming behavior was very significant for both age (p<0.0001) 
and drug dose (p<0.0001), but their interaction was not significant (p=0.1632). Total swim time 
for adults was significantly lower than for juveniles. Adult rats had significantly higher levels of 
climbing behavior than juveniles (p<0.0001), but different doses of Fluoxetine (p=0.1227) and 
the interaction of age and dose (p=0.7130) were not significantly different.  
 
Imipramine: The effects of Imipramine are illustrated in Figure 2. In both adult and juvenile 
rats, Imipramine produced a dose-dependent decrease in immobility and an increase in climbing, 
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with no effect on swimming. Analysis of the three behaviors together using a 2-way multivariate 
ANOVA demonstrated a significant interaction between age and drug dose (p<0.05). Each 
behavior was analyzed individually by a 2-way ANOVA.  
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Figure 2: Mean Counts of Immobility, Swimming and Climbing in the Modified Forced 
Swim Test of Adult and Juvenile Rats Treated with Imipramine 
 
The effect of Imipramine on immobility indicated that age (p=0.015) and drug dose (p=0.001) 
were significant, but their interaction was not significant (p=0.288). The lack of interaction 
between age and drug dose indicates that adult and juvenile rats respond to different doses in the 
same way. Total immobility time for adults was significantly lower than for juveniles. 
 
For swimming behavior there was a significant interaction between drug dose and age 
(p=0.0029). There was no significant dose-dependent effect of Imipramine for swimming 
behavior in juvenile rats (p=0.1568), while for adults, it was significant (p=0.0122). 
 
There was a dose dependent increase in climbing behavior for adult and juvenile rats. 
Imipramine showed both significant age (p<0.0001) and dose (p<0.0001) effects, but there was 
no significant interaction (p=0.6102). Total climbing time is significantly higher for adults than 
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for juveniles. 
 
Locomotor Activity 
 
The effects of Fluoxetine and Imipramine on locomotor activity of the juvenile rats are shown in 
Figure 3. Fluoxetine at 10 mg/kg had no significant effect on locomotor activity as compared to 
saline treatment while Imipramine at 20 mg/kg dose significantly decreased activity by about 
50% (p<0.05).  
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Figure 3: Effects of Fluoxetine and Imipramine on Locomotor Activates of Juvenile Rats in 
the Open-field Test 
 
 
DISCUSSION 
 
Comparison of Adult and Juvenile rats in the Forced-swim Test 
 
We can cautiously assume that juvenile rats demonstrate the same pattern of behavior, exhibiting 
immobility, swimming and climbing behavior as seen with adult rats. Moreover, antidepressant 
drugs decrease immobility, demonstrating that reduced immobility is a good index for 
antidepressant efficacy in juvenile rats. The SSRI Fluoxetine is effective in both adult and 
juvenile rats. Fluoxetine treatment decreased immobility and increased swimming behavior in 
adults and juvenile rats. The TCA antidepressant Imipramine is also effective at this age. 
Imipramine treatment decreased immobility and increased climbing behavior in both adult and 
juvenile rats. Response to treatment with both drugs was dose dependent and indicated that there 
was no difference in dose-response between adult and juvenile rats. 
 
Small differences exist in the amount of time spent in each behavior between juvenile and adult 
rats. Juvenile rats showed an increased immobility and swimming and decreased climbing 
behavior, compared to adults. In addition, our data showed that for each drug and each behavior, 
age was a significant factor, indicating differences in behavioral scores between the juvenile and 
adult animals. These differences may be attributed to several biological factors such as, variation 
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in metabolic enzymes activities, pharmacokinetics and pharmacodynamic factors during 
development differences in body fat and muscle composition, total body energy reserves, 
hormonal changes or the differential maturation of the noradrenergic versus serotonergic 
neurotransmitter systems21,22. 
 
Methodological considerations may also contribute to differences in behavioral scores between 
the juvenile and adult animals. Experimentally, an issue of potential concern is the 30 cm water 
depth we used for the FST, which would be relatively deeper for juvenile rats compared to 
adults, and the surface area of the tank used, both known to affect immobility and 
swimming9,23,24. In this study, the same tank size was used for both adult and juvenile rats. The 
ratio of surface area to body size is increased for juvenile rats, which may help explain the 
increased swimming behavior and decreased climbing at this age, as compared to adult behavior. 
Nonetheless, using the same tank size for juveniles and adults did not affect the ability to detect 
antidepressant-like effects and different behavioral profiles for the SSRI and TCA treatments. 
 
Dose-response curves for each behavior and for both Fluoxetine and Imipramine were similar for 
juvenile and adult rats, indicating a comparable sensitivity to antidepressants of both 
noradrenergic and serotonergic systems. In addition, it indicates that potential differences in 
metabolism between juveniles and adults did not significantly affect the forced-swim test.  
 
The effect of Imipramine on active behaviors in the forced-swim test was primarily to increase 
climbing behavior, indicative of a norepinephrine-mediated antidepressant effect5. Combinations 
of SSRI and norepinephrine selective drugs, as well as, the dual inhibitor Venlafaxine can lead to 
a simultaneous increase of both swimming and climbing25,26. Imipramine is rapidly metabolized 
to desipramine, which is highly selective for the norepinephrine transporter in the rat27,28. 
However, in adult rats, Imipramine at the highest dose tested of 20 mg/kg did have a small 
additional effect to increase swimming behavior, indicating an effect on serotonin levels. The 
effect of Imipramine on swimming was not observed with juveniles. Differences between 
juvenile and adult rats may be due to more rapid metabolism of Imipramine to desipramine in 
juveniles, or possibly to the selective accumulation of desmethyldesipramine (major metabolite 
of desipramine) in the adult rats. Desmethyldesipramine is more selective for inhibition of 
serotonin transporters and differences in its accumulation have been demonstrated between adult 
and juvenile rats26,29. 
 
Stimulant drugs, such as amphetamine or cocaine, can decrease immobility in the forced-swim 
test3,30,31. This is a false positive result and is distinguished from the antidepressant-like reduction 
in immobility by assessing locomotor activity in the open field test. In the juvenile rats, the 
highest dose of Fluoxetine did not affect locomotor activity, while Imipramine significantly 
decreased locomotor activity at the highest dose. Previous studies have demonstrated a similar 
decrease in locomotor activity for adult rats in the open-field test25,32,33. Despite the decrease in 
locomotor activity, climbing behavior was increased and immobility behavior was decreased. 
Therefore, the increase in active behaviors and decrease in immobility observed with 
antidepressant drug treatments was not due to an increase in locomotor activity.   
 
Application to Pediatric Depression 
 
Currently Fluoxetine is the only antidepressant approved for childhood and adolescent 
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depression, although other SSRIs and some atypical antidepressants are effective and used off 
label34,35. The evidence of lack of efficacy of TCA antidepressants, such as Imipramine and 
others, as well as, the potential for serious cardiotoxicity and the overall side effect profile has 
limited the use of these drugs for pediatric depression and no drugs from this class have been 
included in recent clinical trials36-38. On the other hand, in adolescents over 12-13 years, overall 
antidepressant response was much better than children were, and adolescents responded to a 
broader range of drugs, including several SSRIs and atypical antidepressants like venlafaxine, 
nefazodone and mirtazepine. However, adolescent response was still lower than in adults. It has 
been hypothesized that the lack of efficacy for TCA antidepressants and the efficacy of SSRIs in 
pediatric depression may be due to differences in the maturation of serotonergic and 
noradrenergic neurotransmitter systems23,35. Serotonergic system reaches maturity much earlier 
than the noradrenergic system in both rats and primates22. 
 
Rather than showing a difference in TCA efficacy, our results demonstrate that by early 
adolescence the antidepressant-like response in the forced-swim test is sensitive to both the SSRI 
Fluoxetine, as evidenced by decreased immobility and increased swimming, and the TCA 
Imipramine, as evidenced by decreased immobility and increased climbing. The increased 
climbing in response to Imipramine is an indication that the antidepressant-like effect is 
mediated primarily through the noradrenergic system. Therefore, we conclude that by early 
adolescence the serotonin and the noradrenergic systems are sufficiently developed to mediate 
depressive-like behaviors (immobility) and antidepressant efficacy (active behaviors) in the rat. 
Although this finding may indicate that the adolescent rat model may not be ideal for 
determining antidepressant efficacy related to human pediatric depression, issues related to 
species differences in development and careful interpretation of the clinical data need to be taken 
into account.  
 
Species exhibit different patterns of ontological development. For example, the rat is born at a 
less mature stage, more equivalent to the third trimester of human development. The rat also 
reaches reproductive capability late in adolescence, only after establishing independent living, 
having left the nest in the wild at about day 2818. This is different from the human condition 
where reproductive capability is reached early in adolescence and before independent living. 
Across mammalian species, there are similarities in the order of major landmarks in brain 
development, but there are also differences in the timing of these events between species39. Brain 
development in general and especially development of the noradrenergic system continue 
through the adolescent period and into young adulthood18,22,40. 
 
These results demonstrate that the clinical efficacy of antidepressants increases with age. During 
childhood and adolescence, both the serotonin and norepinephrine systems are present, although 
still immature. Since the serotonin system matures before the noradrenergic system, one 
interpretation is that antidepressant efficacy improves as the noradrenergic system matures. In 
addition, there is an increasing evidence that the interaction between noradrenergic and serotonin 
systems is important in antidepressant mechanisms39,41,42. In animal studies, this has recently 
been shown for adult mice using the tail suspension test, a behavioral antidepressant screening 
model related to the forced-swim test. Thus, the development of coordinated interactions 
between serotonin and norepinephrine systems may be more important in increasing efficacy of 
antidepressants in pediatric depression than the timing of maturation of serotonin versus 
noradrenergic systems. Reduction of noradrenergic function by drug depletion or by examination 
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of animals at early ages, with a less developed noradrenergic system, could be used to determine 
effects on antidepressant efficacy in the juvenile forced-swim model. 
 
 
CONCLUSION 
  
The present study demonstrates the usefulness of the forced-swim test in juvenile rats, and 
in early adolescence, rats exhibit a similar response to antidepressant drugs Imipramine 
and Fluoxetine as do adult rats. Our results suggest that in the day 28 rat the behavioral 
effects of Imipramine are mediated mainly through the noradrenergic system as indicated 
by the increase in climbing, but not swimming, behavior. It is suggested that the use of the 
newer selective norepinephrine reuptake inhibitors and especially dual reuptake inhibitors 
should be revisited in adolescent depression. 
______________________________________________________________________________ 
 
Author Contribution: All authors share equal effort contribution towards (1) substantial 
contributions to conception and design, acquisition, analysis and interpretation of data; (2) 
drafting the article and revising it critically for important intellectual content; and (3) final 
approval of the manuscript version to be published. Yes 
 
Potential Conflicts of Interest: No 

 
Competing Interest: None,  Sponsorship: None 
 
Submission date: 25.07.2010 Acceptance date: 31 March 2011 
 
Ethical approval: All experimental procedures were carried out in accordance with protocols approved by 
Creighton University, Omaha, USA Institutional Animal Care and Use Committee 
     
REFERENCES 
 

1.  Porsolt RD. Animal Model of Depression. Biomedicine 1979; 30: 139-40. 
2.  Wen-Huang P, Kuan-Lin L, Yi-Hsuen L, et al. Berberine Produces Antidepressant-

Like Effects in the Forced Swim Test and in the Tail Suspension Test in Mice. Life 
Sciences 2007; 81: 933-8. 

3.  Borsini F, Volterra G, Meli A. Does the Behavioral "Despair" Test Measure 
"Despair"? Physiol Behav 1986; 38: 385-6. 

4.  Borsini F, Lecci A, Sessarego A, et al. Discovery of Antidepressant Activity by Forced 
Swimming Test May Depend on Pre-exposure of Rats to a Stressful Situation. 
Psychopharmacology 1989; 97: 183-8. 

5.  Lucki I. The Forced Swimming Test as a Model for Core and Component Behavioral 
Effects of Antidepressant Drugs. Behav Pharmacol 1997; 8: 523-32. 

6.  Cryan JF, Markou A, Lucki I. Assessing Antidepressant Activity in Rodents: Recent 
Developments and Future Needs. Trends Pharmacol Sci 2002; 23: 238-45. 

7.  Nestler EJ, Gould E, Manji H, et al. Preclinical Models: Status of Basic Research in 
Depression. Biol Psychiatry 2002; 52: 503-28. 

8.  Detke MJ, Lucki I. Detection of Serotonergic and Noradrenergic Antidepressants in 
the Rat Forced Swimming Test: The Effects of Water Depth. Behav Brain Res 1996; 

10 



73: 43-6. 
9.  Detke MJ, Rickels M, Lucki I. Active Behaviors in the Rat Forced Swimming Test 

Differentially Produced by Serotonergic and Noradrenergic Antidepressants. 
Psychopharmacology (Berl) 1995; 121: 66-72. 

10.  Birmaher B, Ryan ND, Williamson DE, et al. Childhood and Adolescent Depression: 
A Review of the Past 10 Years-Part I. J Am Acad Child Adolesc.Psychiatry 1996; 35: 
1427-39. 

11.  Lewinsohn PM, Clarke GN, Seeley JR, et al. Major Depression in Community 
Adolescents: Age at Onset, Episode Duration, and Time to Recurrence. J Am Acad 
Child Adolesc Psychiatry 1994; 33: 809-18. 

12.  Kessler RC, Avenevoli S, Ries Merikangas K. Mood Disorders in Children and 
Adolescents: An Epidemiologic Perspective. Biol Psychiatry 2001; 49: 1002-14. 

13.  Kovacs M, Goldston D, Gatsonis C. Suicidal Behaviors and Childhood-Onset 
Depressive Disorders: A Longitudinal Investigation. J Am Acad Child Adolesc 
Psychiatry 1993; 32: 8-20. 

14.  Weissman MM, Wolk S, Goldstein RB, et al. Depressed Adolescents Grown Up. 
JAMA 1999; 281: 1707-13. 

15.  McCauley E, Myers K, Mitchell J, et al. Depression in Young People: Initial 
Presentation and Clinical Course. J Am Acad Child Adolesc Psychiatry 1993; 32: 714-
22. 

16.  Mitchell J, McCauley E, Burke PM, et al. Phenomenology of Depression in Children 
and Adolescents. J Am Acad Child Adolesc Psychiatry 1988; 27: 12-20. 

17.  Lee Fu-I, Yuan Pang W. Comparison of Demographic and Clinical Characteristics 
between Children and Adolescents with Major Depressive Disorder. Rev Bras 
Psiquiatr 2008; 30(2): 124-31. 

18.  Spear LP. The Adolescent Brain and Age-Related Behavioral Manifestations. 
Neurosci Biobehav Rev 2000; 24: 417-63. 

19.  Abel EL, Bilitzke PJ. A Possible Alarm Substance in the Forced Swimming Test. 
Physiol Behav 1990; 48: 233-9. 

20.  Kraemer HC, Periyakoil VS, Noda A. Tutorial in Biostatistics: Kappa Coefficients in 
Medical Research. Stat Med 2002; 21: 2109-29. 

21.  Deupree JD, Reed AL, Bylund DB. Differential Effects of the Tricyclic 
Antidepressant Desipramine on the Density of Adrenergic Receptors in Juvenile and 
Adult Rats. J Pharmacol Exp Ther 2007; 321: 770-6.  

22.  Murrin LC, Sanders JD, Bylund DB. Comparison of the Maturation of the Adrenergic 
and Serotonergic Neurotransmitter Systems in the Brain: Implications for Differential 
Drug Effects on Juveniles and Adults. Biochem Pharmacol 2007; 73: 1225-36. 

23.  Abel EL. Behavioral and Physiological Effects of Different Water Depths in the 
Forced Swim Test. Physiol Behav 1994; 56: 411-4. 

24.  Sunal R, Gumusel B, Kayaalp SO. Effect of Changes in Swimming Area on Results of 
"Behavioral Despair Test.” Pharmacol Biochem Behav 1994; 49: 891-6. 

25.  Reneric JP, Lucki I. Antidepressant Behavioral Effects by Dual Inhibition of 
Monoamine Reuptake in the Rat Forced Swimming Test. Psychopharmacology (Berl) 
1998; 136: 190-7. 

26.  Deupree JD, Montgomery MD, Bylund DB. Pharmacological Properties of the Active 
Metabolites of the Antidepressants Desipramine and Citalopram. Eur J Pharmacol 
2007; 576(1-3): 55-60.  

11 



27.  Owens MJ, Morgan WN, Plott SJ, et al. Neurotransmitter Receptor and Transporter 
Binding Profile of Antidepressants and Their Metabolites. J Pharmacol Exp Ther 
1997; 283: 1305-22. 

28.  Cryan JF, Valentino RJ, Lucki I. Assessing Substrates Underlying the Behavioral 
Effects of Antidepressants Using the Modified Rat Forced Swimming Test. Neurosc 
Biobehav Rev 2005; 29: 547-69. 

29.  Frazer A. Serotonergic and Noradrenergic Reuptake Inhibitors: Prediction of Clinical 
Effects from in Vitro Potencies. J Clin Psychiatry 2001; 62(Suppl 12): 16-23. 

30.  Hooks MS, Jones DN, Holtzman SG, et al. Individual Differences in Behavior 
Following Amphetamine, GBR-12909, or Apomorphine but Not SKF-38393 or 
Quinpirole. Psychopharmacology (Berl) 1994; 116: 217-25. 

31.  Li SM, Collins GT, Paul NM, et al. Yawning and Locomotor Behavior Induced by 
Dopamine Receptor Agonists in Mice and Rats. Behav Pharmacol 2010; 21(3): 171-
81. 

32.  Kozisek ME, Deupree JD, Burke WJ, et al. Appropriate Dosing Regimens for Treating 
Juvenile Rats with Desipramine for Neuropharmacological and Behavioral Studies. J 
Neurosci Methods 2007; 163: 83-91. 

33.  Mague SD, Pliakas AM, Todtenkopf MS, et al. Antidepressant-Like Effects of Kappa-
Opioid Receptor Antagonists in the Forced Swim Test in Rats. J Pharmacol Exp Ther 
2003; 305: 323-30. 

34.  Bridge JA, Iyengar S, Salary CB, et al. Clinical Response and Risk for Reported 
Suicidal Ideation and Suicide Attempts in Pediatric Antidepressant Treatment: A 
Meta-Analysis of Randomized Controlled Trials. JAMA 2007; 297: 1683-96. 

35.  Whittington CJ, Kendall T, Fonagy P, et al. Selective Serotonin Reuptake Inhibitors in 
Childhood Depression: Systematic Review of Published versus Unpublished Data. 
Lancet 2004; 363: 1341-5. 

36.  Ambrosini PJ. A Review of Pharmacotherapy of Major Depression in Children and 
Adolescents. Psychiatr Serv 2000; 51: 627-33. 

37.  Skaer TL, Sclar DA, Robison LM. Trends in Prescriptions for Antidepressant 
Pharmacotherapy among US Children and Adolescents Diagnosed with Depression, 
1990 through 2001: An Assessment of Accordance with Treatment Recommendations 
from the American Academy of Child and Adolescent Psychiatry. Clin Ther 2009; 
31(1): 1478-87. 

38.  Hazell P, O'Connell D, Heathcote D, et al. Tricyclic Drugs for Depression in Children 
and Adolescents. Cochrane Database Syst Rev 2000; CD002317. 

39.  Leonard BE. Stress, Norepinephrine and Depression. J Psychiatry Neurosci 2001; 
26(Suppl): S11-6. 

40.  Lenroot RK, Giedd JN. Brain Development in Children and Adolescents: Insights 
from Anatomical Magnetic Resonance Imaging. Neurosci Biobehav Rev 2006; 30: 
718-29. 

41.  Brunello N, Mendlewicz J, Kasper S, et al. The Role of Noradrenaline and Selective 
Noradrenaline Reuptake Inhibition in Depression. Eur Neuropsychopharmacol 2002; 
12: 461-75. 

42.  Lucki I, O'Leary OF. Distinguishing Roles for Norepinephrine and Serotonin in the 
Behavioral Effects of Antidepressant Drugs. J Clin Psychiatry 2004; 65(Suppl 4):11-
24. 

 

12 


	The procedure used was based on that described by Porsolt2 and modified to increase sensitivity by increasing water depth8,9. Behavioral studies were carried out in the afternoon (12:00 -17:00) under low illumination. Rats were placed individually in Plexiglas cylinders (Midwest Plastics, Inc., Omaha, NE) 46 cm in height with a 21 cm internal diameter that were filled with water (25ºC) to a depth of 30 cm. This depth was sufficient to keep adult rats from supporting themselves by placing their paws or tails on the base of the cylinder. Water was changed between each swim session to prevent possible effects of an alarm substance released by rats during the swim session19. There were two swim sessions. The first was 15 minutes pre-test swim and 24 hours later a second 5 minutes swim test. The pre-test facilitates the development of immobility during the test session and increases the sensitivity for detecting antidepressant behavioral effects4. The 5 minutes swim test was used for analysis of behavior. Rats received saline, Imipramine (1, 5, 10 or 20 mg/kg) or Fluoxetine (1, 5 or 10 mg/kg) by Intraperitoneal injection three times following the initial 15 minutes pre-test swim, at 23.5, 7 minutes and 1 hour prior to the 5 minutes swim test. Adult and juvenile saline groups were 12, and for each drug concentration, the treatment group size was 8.
	Locomotor activity was assessed for day 28 rats in an open field test. Drug treatments used the same schedule as for the forced-swim test, three intraperitoneal injections at 23.5, 7 minutes and 1 hour before the open field test. Locomotor activity was compared between saline treated rats and rats receiving either Imipramine (20 mg/kg) or Fluoxetine (10 mg/kg), the highest doses of antidepressants used in the forced-swim test. The open-field test chamber consisted of a plastic bin (56 x 38 x 30 cm) with nine 12.7 x 7.6 cm square grids clearly drawn on the surface. An observer counted the number of line crosses during the 10 minutes test, recording the total line crosses at the end of each minute interval. Total grid line crossings during the 10 minutes were compared between treatment groups.

