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Abstract
Aim This study aimed to investigate the effects of desipramine, venlafaxine and bupropion on depression and anxiety in mice. We used a classic 

tricyclic antidepressant, desipramine; a serotonin-norepinephrine reuptake inhibitor, venlafaxine; and a second-generation antidepressant 
agent that blocks the central reuptake of noradrenaline and dopamine, bupropion.   ( Sakarya Med J 2018, 8(4):820-829 )

Material and 
Methods

Imipramine (30 mg/kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (4 mg/kg and 8 mg/kg), and bupropion (20 mg/kg and 40 
mg/kg) signifi cantly reduced immobility time in the FST compared to vehicle in a dose-dependent manner. Additionally, bupropion (40 mg/
kg) was signifi cantly more effective than imipramine.

Results Diazepam (2 mg/kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (4 mg/kg and 8 mg/kg), and bupropion (20 mg/kg and 40 mg/
kg) signifi cantly increased the time spent in the open arms of the EPM compared to vehicle in a dose-dependent manner. Diazepam (2 mg/
kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (8 mg/kg) and bupropion (20 mg/kg and 40 mg/kg) signifi cantly increased the 
number of entries into the open arms compared to the vehicle-treated group. Additionally, bupropion (40 mg/kg) was signifi cantly more 
effective than diazepam.

Conclusion Desipramine, venlafaxine and bupropion (20 mg/kg) exerted signifi cant antidepressant-like effects that were not signifi cantly different 
than the effects of imipramine. Additionally, bupropion (40 mg/kg) exerted signifi cant antidepressant-like effects and was more effective 
than imipramine. Similarly, desipramine, venlafaxine and bupropion (20 mg/kg) exerted signifi cant anxiolytic-like effects that were not 
signifi cantly different than the effects of diazepam. Additionally, bupropion (40 mg/kg) exerted signifi cant anxiolytic-like effects and was 
more effective than diazepam.      
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Öz

Amaç Bu çalışmada, farelerde desipramin, venlafaksin ve bupropiyonun depresyon ve anksiyete üzerine etkilerini araştırmayı amaçladık. ( Sakarya 
Tıp Dergisi 2018, 8(4):820-829 ).

Gereç ve 
Yöntem

Klasik trisiklik antidepresan, desipramin, serotonin-norepinefrin geri alım inhibitörü venlafaksin ve ikinci jenerasyon antidepresan bir ajan 
olan noradrenalin ve dopamin gerialım  inhibitörü bupropionun farelerde zorunlu yüzme testi (FST) ve yükseltilmiş artı labirent testi (EPM) 
üzerindeki etkilerini araştırmayı amaçladık.

Bulgular Imipramin (30 mg/kg), desipramin (7,5 mg/kg ve 15 mg/kg), venlafaksin (4 mg/kg ve 8 mg/kg) ve bupropion (20 mg/kg ve 40 mg/
kg) FST’de hareketsizlik zamanını önemli ölçüde doza bağlı bir şekilde azalttı. Ayrıca bupropion (40 mg/kg) da imipramine göre anlamlı 
derecede etkiliydi. 
Diazepam (2 mg/kg), desipramin (7.5 mg/kg ve 15 mg/kg), venlafaksin (4 mg/kg ve 8 mg/kg) ve bupropion (20 mg/kg ve 40 mg/kg) 
EPM’de açık kollarda kalış süresini önemli ölçüde doza bağlı arttırdı. Diazepam (2 mg / kg), desipramin (7,5 mg/kg ve 15 mg/kg), venlafak-
sin (8 mg/kg) ve bupropion (20 mg/kg ve 40 mg/kg) açık kola giriş sayısını da artırdı. Ayrıca bupropion (40 mg/kg) diazepamdan anlamlı 
derecede daha etkiliydi.

Sonuç Desipramin, venlafaksin ve bupropion (20 mg/kg), imipraminin etkilerinden önemli ölçüde farklı olmayan antidepresan benzeri etkilere 
neden olmuştur. Bunun yanında bupropion (40 mg/kg) antidepresan benzeri etki göstermiştir ve bu etkiler imipraminden daha güçlüdür.  
Benzer şekilde, desipramin, venlafaksin ve bupropion (20 mg/kg), diazepamın etkilerinden önemli ölçüde farklı olmayan anlamlı anksiyolitik 
benzeri etkiler göstermişlerdir. Ayrıca bupropion (40 mg / kg) anlamlı anksiyolitik benzeri etkiler göstermiş ve bu etkiler diazepamdan daha 
güçlüdür. 

Anahtar 
Kelimeler  

desipramin; venlafaksin; bupropion; depresyon; anksiyete



Introduction

Depression is the second most common chronic disease, and its global presence has expanded 

widely. It is estimated that about half of the patients suffering from depression are unaware of 

their disease or are misdiagnosed.1 Anxiety is also a complicated behavior in humans and animals 

that may lead to a wide range of problems in the central nervous system (CNS). Depression 

and anxiety disorders are burdensome conditions with lifetime prevalence rates of approximately 

7–20%  and 11–27%  respectively.2,3 It has also been reported that anxiety affects one-eighth of 

the population and, in severe forms, has debilitating effects on quality of life.4 Sexual problems 

are more common among patients with depression and anxiety disorders than among the general 

population.5,6

Depression is a neurochemical disorder arising from the hypofunctioning of brain mono-amine 

systems, including the serotonergic, noradrenergic, and/or dopaminergic pathways.7 Additio-

nally, different studies have suggested the role of dopamine in the pathogenesis of depression.8

Animal research has shown that the second-generation antidepressant bupropion increases mo-

noaminergic neurotransmission differently than other antidepressants.9 Bupropion inhibits the 

reuptake of noradrenaline and dopamine but has no signifi cant serotonergic effects.10 Animal 

studies have shown that bupropion has no presynaptic or postsynaptic effect on serotonergic 

neurotransmission.11,12 Dopaminergic agonists facilitate sexual behavior.13 Thus, bupropion has a 

positive effect on sexual desire.14

The main objective of our study was to compare the antidepressant and anxiolytic-like effects of 

widely prescribed classes of antidepressants: desipramine, venlafaxine and bupropion. Thus, we 

investigated the acute effects of these drugs using the forced swimming and elevated plus maze 

tests in mice. A well-known antidepressant, imipramine, and a well-known anxiolytic, diazepam, 

were used as positive controls.

 

Materials and methods

Animals

Male inbred BALB/c ByJ mice (Animal Research Center, Bursa-Turkey) aged 7 weeks upon arrival 

to the laboratory were used in this study. Animals (4–5 per cage) were kept in the laboratory at 

21 ± 1.5 °C with 60% relative humidity under a 12 h light/dark cycle (light on at 8.00 p.m.) for 

2 weeks before experimentation. Tap water and food pellets were available ad libitum. All proce-

dures involving animals were in compliance with the European Community Council Directive of 

24 November 1986, and ethical approval was granted by the Kocaeli University Ethics Committee 

(Number: AEK 7/6, Kocaeli, Turkey). 

Drugs

Imipramine, diazepam, desipramine, venlafaxine and bupropion were purchased from Sigma Che-

micals (St Louis, Mo, USA). All drugs were dissolved in 0.9% physiological saline. Saline was used 

as the vehicle in control experiments. Venlafaxine was given subcutaneously (s.c.), and the other 

drugs were given intraperitoneally (i.p.) in a volume of 0.1 ml per 10 g body weight of mice. All 

doses used were chosen based on previous behavioral studies.15-18  Drugs were freshly prepared 

on the day of the experiment. 
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Experimental Design 

The mice were randomly divided into experimental groups as follows: saline; imipramine, 30 mg/

kg; desipramine, 7.5 mg/kg; desipramine, 15 mg/kg; venlafaxine, 4 mg/kg; venlafaxine, 8 mg/

kg; bupropion, 20 mg/kg; and bupropion, 40 mg/kg. Each experimental group consisted of 8-9 

mice. All the experiments were performed between 10:00 a.m. and 12:00 p.m. Saline (vehicle), 

imipramine (30 mg/kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (4 mg/kg and 8 mg/

kg), and bupropion (20 mg/kg and 40 mg/kg) were given 30 min before the forced swimming test 

and elevated plus maze test.

Forced swimming test

The FST, the most widely used behavioral test for the screening of antidepressant drugs, was per-

formed as described by Porsolt et al.19,20  Briefl y, the mice were dropped individually into Plexiglas 

cylinders (height 25 cm, diameter 10 cm) containing 10 cm of water maintained at 23–25 °C and 

left there for 6 min. The duration of immobility was recorded during the last 4 min of the 6-min 

testing period. The absence of hind leg movement was recorded as immobility by stopwatch by a 

single observer who was aware of the treatment groups.

Elevated Plus Maze Test

Anxiety-related behavior was measured with the elevated plus maze test. The experiments were 

conducted in a dimly lit, semi-soundproof room, illuminated with a table lamp (80 lux). The maze 

was made of wood and consisted of two open (29 cm long × 5 cm wide) and closed arms (29 cm 

× 5 cm with 15 cm high walls) forming a square cross with a 5 cm square center piece. To avoid 

falls, the open arms were surrounded by a short (1 cm) plexiglass edge. The maze was elevated 

40 cm above the fl oor. The open arms and central platform were painted white and enclosed arms 

were painted black.

Each mouse was placed at the center of the maze facing one of the open arms and allowed to exp-

lore the maze. During a 5-min test period, the number of entries into both open and enclosed arms 

of the maze (defi ned as the entry of all four limbs into the arms) and the time spent in the open 

arms was recorded. The observer was always located in the same position near the open arms 

and behind the animals. The open-arm activity was evaluated as the following: 1) time spent in the 

open arms relative to the total time spent in the plus maze (300 s), expressed as a percentage, and 

2) number of entries into the open arms relative to the total number of entries into both the open 

and closed arms, expressed as a percentage. These values were used as indices of anxiety in mice. 

Any animal that fell off the maze was excluded from the experiment. 

If the change in one of the parameters was statistically signifi cant, then an effect on anxiety was 

considered to have occurred. The time spent in the open arms and the numbers of open arm ent-

ries were always observed to change in the same direction (i.e., both the time spent in the open 

arms and the number of open arm entries increased or both decreased). 

Open fi eld test

Since compounds altering motor activity may give false positive/negative effects in the elevated 

plus maze test, spontaneous locomotor activity of mice was evaluated by monitoring the activity of 

the animals in an open fi eld (33 x 33 x 30 cm square box). The animals were placed in the center 
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of the apparatus, and behaviors were recorded for a period of 5 min using the Etovision-XT video 

tracking system (Noldus, Netherlands). The locomotor activity was evaluated by measuring the 

total distance travelled in the apparatus and the speed of the animals. 

Statistics

In evaluating the effects of individual groups, a one analysis of variance (ANOVA) post hoc Tukey 

test was performed. Data are expressed as the mean ± S.E.M. P<0.05was considered as statisti-

cally signifi cant.

Results

Forced swimming test 

One-way ANOVA showed a signifi cant effect of imipramine, desipramine, venlafaxine and bupro-

pion treatment on immobility time in the FST [F(7,67) = 70.919, p<0.0001]. Imipramine (30 mg/

kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (4 mg/kg and 8 mg/kg) and bupropion 

(20 mg/kg and 40 mg/kg) signifi cantly reduced immobility time compared to the vehicle-treated 

group (p<0.001, p<0.01, p<0.001, p<0.01, p<0.001, p<0.001, p<0.001, respectively, by Tukey 

test, Fig. 1).

 

Figure 1.  Effects of diazepam (diaze) (2 mg/kg), desipramine (desip) (7.5 and 15 mg/kg), venlafa-

xine (ven) (4 and 8 mg/kg) and bupropion (bupr) (20 and 40 mg/kg) on immobility time in mice 

FST.  Each column represents the mean ± S.E.M. of 8-10 animals. 

a p<0.001, b p<0.01  compared to vehicle control 

c p<0.001  desipramine (7.5 mg/kg) compared to desipramine (15 mg/kg) and venlafaxine (4 mg/

kg) compared to venlafaxine (8mg/kg) 

d p<0.01  bupropion (20 mg/kg) compared to bupropion (40 mg/kg) 

e p<0.01  bupropion (40 mg/kg) compared to imipramine (30 mg/kg) 

One-way ANOVA revealed a signifi cant effect of drug dose on the immobility time in the forced 

swimming test in all groups: desipramine (7.5 mg/kg) versus desipramine (15 mg/kg), venlafaxine 

(4 mg/kg) versus venlafaxine (8 mg/kg), bupropion (20 mg/kg) versus bupropion (40 mg/kg) 

(p<0.001, p<0.001, p<0.01, respectively, Fig. 1). Additionally, there was a signifi cant difference 

in the immobility time between the imipramine (30 mg/kg) and bupropion (40 mg/kg) groups 

(p<0.05).

0 

50 

100 

150 

200 

250 

Im
m

ob
ili

za
tio

n 
Ti

m
e 

(s
) 

Drugs 

Forced Swimming Test 

saline 

imip 30 

desip 7.5 

desip 15 

ven 4 

ven 8 

bupr 20 

bupr 40 

a a
e

a c a c

a d

b b



TANYERİ et al.
Evaluation of The Effects of Antidepressants 
On Anxiety and Depression

Sakarya Med J 
2018;8(4):820-829

824

Elevated plus maze test 

One-way ANOVA showed a signifi cant effect of drug treatment on the time spent in the open 

arms in the EPM test [F(7, 64) = 42.911, p<0.0001, Fig. 2A]. Post-hoc comparisons revealed that 

diazepam (2 mg/kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (4 mg/kg and 8 mg/kg) 

and bupropion (20 mg/kg and 40 mg/kg) signifi cantly increased the time spent in the open arms 

compared to the vehicle-treated group (p<0.001, Fig 2A). One-way ANOVA revealed a signifi cant 

effect of drug dose on the time spent in the open arms in all groups: desipramine (7.5 mg/kg) ver-

sus desipramine (15 mg/kg), venlafaxine (4 mg/kg) versus venlafaxine (8 mg/kg), and bupropion 

(20 mg/kg) versus bupropion (40 mg/kg) (p<0.05, p<0.05, p<0.05, respectively, Fig 2A). Additi-

onally, there was a signifi cant difference in time spent in the open arms between the imipramine 

(30 mg/kg) and bupropion (40 mg/kg) groups (p<0.01).

Figure 2A. Effects of diazepam (diaze)(2 mg/kg), desipramine(desip) (7.5 and 15 mg/kg), venlafa-

xine (ven) (4 and 8 mg/kg) and bupropion (bupr) (20 and 40 mg/kg) on the % time spent in open 

arms in mice EPM test. Each column represents the mean ± S.E.M. of 8-9 animals. 

a p<0.001 compared to vehicle control 

b p<0.05 desipramine (7.5 mg/kg) compared to desipramine (15 mg/kg), venlafaxine (4 mg/kg) 

compared to venlafaxine (8mg/kg) and bupropion (20 mg/kg) compared to bupropion (40 mg/kg) 

c  p<0.01 bupropion (40 mg/kg) compared to diazepam (2 mg/kg)

One-way ANOVA showed a signifi cant effect of drug treatment on the number of entries into the 

open arms in the EPM test [F(7,64) = 10.835, p<0.0001; Fig. 2B]. Post hoc comparisons revealed 

that diazepam (2 mg/kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (8 mg/kg) and bup-

ropion (20 mg/kg and 40 mg/kg) signifi cantly increased the number of entries into the open arms 

compared to the vehicle-treated group (p<0.001, p<0.05, p<0.001, p<0.001, p<0.001, p<0.001, 

respectively, Fig. 2B). 

Effects of drugs on locomotor activity in the open fi eld test 

It is well known that an antidepressant-like effect in the FST and an anxiolytic-like effect in the EPM 

test can also be evoked by drugs which induce hyperactivity or hypoactivity.21  Thus, the infl uence 

of all of the above treatments on locomotor activity was concurrently evaluated. None of the drugs 

modifi ed the total distance travelled [F(8, 75)=1.187; Fig. 3] in the open fi eld test.
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Figure 2B. Effects of diazepam (diaze)(2 mg/kg), desipramine(desip) (7.5 and 15 mg/kg), venlafa-

xine (ven) (4 and 8 mg/kg) and bupropion (bupr) (20 and 40 mg/kg) on the %number of entries 

to the open arms in mice EPM test. Each column represents the mean ± S.E.M.of 8-9 animals.

ap<0.001 compared to vehicle control 

bp<0.05 compared to vehicle control 

Figure 3. Effects of diazepam (diaze) (2 mg/kg), desipramine (desip) (7.5 and 15 mg/kg), venlafa-

xine (ven) (4 and 8 mg/kg) and bupropion (bupr) (20 and 40 mg/kg) on total distance moved in 

the open fi eld test. Each column represents the mean±S.E.M.of 8-10 animals.

p>0.05 compared to vehicle control 

Discussion

In the FST, the most widely used behavioral test for the screening of antidepressant drugs, the 

absence of hind leg movement was recorded as immobility. In our study, treatment with imipra-

mine (30 mg/kg) and desipramine (7,5 and 15 mg/kg) dose-dependently reduced the immobility 

time compared with saline, as was shown in recent studies.22-28  Again, we showed that venlafaxine 

(4 mg/kg and 8 mg/kg) reduced the immobility time in a dose-dependent manner in the FST. A 

similar result was shown in a previous study.29 Additionally, we found that bupropion (20 mg/

kg) was as effective as imipramine in exerting signifi cant antidepressant-like effects in the FST. 

Additionally, bupropion (40 mg/kg) was more effective than imipramine in exerting signifi cant 
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antidepressant-like effects in mice in the FST. In a previous study, bupropion signifi cantly reduced 

the immobility time, similar to our results.30 Thus, bupropion has been proved to be an effective 

antidepressant drug.

  

In the elevated plus maze test, which is one of the most important tests for evaluating anxiety, the 

animals normally do not prefer the open arms. They prefer to stay in the enclosed arms, in which 

they appear to feel more confi dent. Thus, drugs that increase the time spent in the open arms 

are considered to be anxiolytic. Diazepam (2 mg/kg), desipramine (7.5 mg/kg and 15 mg/kg), 

venlafaxine (4 mg/kg and 8 mg/kg) and bupropion (20 mg/kg and 40 mg/kg) signifi cantly incre-

ased the time spent in the open arms compared to the vehicle-treated group. One-way ANOVA 

revealed signifi cant differences between the groups (desipramine (7.5 mg/kg) versus desipramine 

(15 mg/kg), venlafaxine (4 mg/kg) versus venlafaxine (8 mg/kg), bupropion (20 mg/kg) versus 

bupropion (40 mg/kg) and imipramine (30 mg/kg) versus bupropion (40 mg/kg) in the time spent 

in the open arms. Diazepam (2 mg/kg), desipramine (7.5 mg/kg and 15 mg/kg), venlafaxine (8 

mg/kg) and bupropion (20 mg/kg and 40 mg/kg) signifi cantly increased the number of entries 

into the open arms compared to the vehicle-treated group. 

There is extensive comorbidity between depression and anxiety disorders. Anxiety, the emotio-

nal response to stress, is a key element of depression as well as the defi ning feature of anxiety 

disorders, and many antidepressants appear to be effective in the treatment of anxiety disorders 

as well as depression. Therefore, the pharmacological actions of these drugs must account for 

their effi cacy in both. Brain noradrenergic, serotonergic and dopaminergic systems regulate or 

modulate many of the same behavioral dimensions that are affected in depression and anxiety di-

sorders. Whereas much recent research has focused on the regulatory effects of antidepressants 

on synaptic function and cellular proteins, less emphasis has been placed on monoaminergic 

regulation at a more global systemic level, or how such systemic alterations in monoaminergic 

function might alleviate the behavioral, cognitive, emotional and physiological manifestations of 

depression and anxiety disorders.31

The monoamine hypothesis of depression states that depression is caused by a functional defi cit 

of monoamines (norepinephrine, serotonin and dopamine) at certain sites in the brain.32 Studies 

show that the dopaminergic system, in part, may also be implicated in the regulation of mood.33 

Currently, there is evidence from several reports regarding the effi cacy of antidepressants related 

to the potentiation of dopaminergic neurotransmission in the treatment of depression.33,34  Several 

studies have also implicated dopamine receptors in depression and anxiety and in the mechanistic 

action of antidepressants.35-37  Furthermore, dopaminergic mechanisms may be involved in the 

regulation of male sexual behavior.38 Depressive symptoms have been shown to be related to 

sexual dysfunction in the general population.39 Additionally, depressive symptoms are thought 

to be associated with decreased sexual arousability.40  On the other hand, sexual dysfunction is 

associated with anxiety and depression. While bupropion inhibits the reuptake of both norad-

renaline and dopamine, it has no effects on serotonin, histamine, acetylcholine or adrenaline 

receptors.41 Controlled trials have shown that bupropion improves overall sexual dysfunction. In 

addition, some uncontrolled studies revealed that bupropion has been effective in treating sexual 

dysfunction caused by other antidepressants.42-46 
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In our study, desipramine, venlafaxine and bupropion (20 mg/kg) were as effective as imipramine 

in exerting signifi cant antidepressant-like effects on mice in the FST. Additionally, bupropion (40 

mg/kg) was more effective than imipramine in exerting signifi cant antidepressant-like effects on 

mice in the FST. Similarly, desipramine, venlafaxine and bupropion (20 mg/kg) were as effective as 

diazepam in exerting signifi cant anxiolytic-like effects on mice in the EPM test. Additionally, bup-

ropion (40 mg/kg) was more effective than diazepam in exerting signifi cant anxiolytic-like effects 

on mice in the EPM test. All three drugs were effective at altering depression- and anxiety-like 

behavior in our study, but bupropion had a superior antidepressant and anxiolytic effect compared 

to other antidepressants. 

        

Desipramine and venlafaxine, but especially bupropion, seem to be good choices for antidepres-

sant and anxiolytic agents due to their effectiveness in treating depression and anxiety associated 

with erectile dysfunction patients. Further studies, including cellular and molecular studies, are 

needed to support our results. 
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