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Abstract
Anxiety and depression like behavior induced by ethanol in mice is a consequence of changes in the CNS that are secondary to impaired serotonin and 
norepinephrine neurotransmitters. Treatments with selective norepinephrine or serotonin reuptake inhobitors are reported to produce beneficial effects in this 
model. Desvenlafaxine is reported to exhibit selective norepinephrine inhibitor. However, no report is available on the influence of desvenlafaxine on ethanol-
induced anxiety and depression. Therefore, we tested its influence against anxiety and depression in ethanol-induced mice using locomotor activity, elevated plus 
maze and forced swim test paradigm. Fifteen days after ethanol treated mice showed decreased locomotor activity and time spend in open arm and, increased 
immobility time as parameter of anxiety and depression. In contrast, treatment with desvenlafaxine (20 mg/kg - 80 mg/kg, p.o.) improved anxiety and depression 
like behavior, and increased locomotor activity and time spend in open arm and, decreased immobility time in ethanol treated rats. In conclusion, the present 
study demonstrates that treatment with desvenlafaxine prevents the anxiety and depression in ethanol treated mice.
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Introduction
Depression is a chronic, relapsing, and potentially fatal disorder 

that affects about 20% of the population. Depression has been expected 
to become the second most common disorder worldwide by 2020 
[1]. Antidepressant drugs often have undesirable side effects, such 
as cholinergic symptoms, withdrawal issues, sexual dysfunction [2], 
and worsening insomnia [3]. Hence, developing effective depression 
therapies with few side effects is essential. Depression symptoms are 
associated with changes in Norepinephrine (NE), Dopamine (DA) 
and 5-Hydroxytriptamine (5-HT) neurotransmitter levels in the CNS 
[1,4]. The prefrontal cortex and hippocampus which regulate emotion, 
motivation, learning and memory are essential in depression [5]. Nutt 
et al. [4] studied that NE is related to alertness, energy, and attention, 
and that DA is linked to pleasure, reward, and motivation in life. The 
5-HT transmitter is related to compulsion, obsession, and anxiety.

Alcoholism has high co-morbid appearance with anxiety and 
depressive disorders [6-8]. The co-occurrence of alcoholism and 
depression is well documented [9]. Furthermore depressed mood may 
also be an important trigger of alcoholic relapse [10,11]. In addition a 
significant co-morbid expression of alcoholism and affective disorders 
(major depression, dysthymia) has been shown by clinical evidences 
[12-14]. The treatment becomes more complex because these patients 

have more physical, psychological, familial and social problems than 
alcoholics without co-morbid depression [7,13]. The clinical and 
experimental data indicated that ethanol-induced depressive-like 
behavior was associated with alterations in Corticotropin Releasing 
Factor (CRF) and Neuropeptide Y (NPY) systems in the brain [15].

Desvenlafaxine is an SNRI that increases extracellular 5-HT 
and NE levels by inhibiting the reuptake of 5-HT and NE. Although 
desvenlafaxine is used clinically, it has an insufficient antidepressant 
effect, a high risk of side effects and relatively low barrier permeability 
[16,17]. The IC50 values of desvenlafaxine inhibition of 5-HT and 
NE reuptake in vitro are 53 nM and 538 nM, respectively [16]. 
Desvenlafaxine Succinate (DVS) is the third serotonin-norepinephrine 
reuptake inhibitor approved by the Food and Drug Administration 
for the treatment of major depressive disorders in 2008 [18]. It 
increases the level of serotonin (5-HT) and Norepinephrine (NE) by 
blocking the presynaptic reuptake of both of these neurotransmitters 
[19]. Furthermore, 5-HT and NE are the key neurotransmitters in 
regulating gut motility. 5-HT is an important factor related to visceral 
sensation [20]. Therefore, the present study was designed to investigate 
the protective effect of desvenlafaxine on ethanol-associated anxiety 
and depression like effects in ethanol-induced rats.

Materials and Methods
Adult male albino Swiss mice (21 g - 25 g) born and reared in 

the Animal House, Agnihotri College of Pharmacy, Wardha. The 
animals were breed from an original stock purchased from Shree 
Farm, Bhandara, India. Mice were group housed (four per cage) in 
opaque polypropylene cages (28 cm × 21 cm × 14 cm) and maintained 
at 23 ± 2°C under 12:12 h light/dark cycle (0700 h - 1900 h) with 
free access to rodent chow and tap water. The studies were carried 
out in strict accordance with the guidelines given by the Committee 
for the Purpose of Control and Supervision of Experiments on 
Animals, New Delhi, India. Animals were naive to drug treatment and 
experimentation at the beginning of all studies. Each experimental 
group was comprised of six to eight mice. Testing was carried out in 
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a counterbalanced order with respect to the treatment conditions in 
noise free room between 0900 h - 1400 h.

To acclimate the subjects to housing conditions, animals arrived 
one week prior to testing. During this period, they were gentled once 
daily in order to minimize any stress effects that might result from 
routine handling. The animals were weighted once a week for the 
duration of the study. All behavioral testing were carried out in the 
early portion of dark phase between 09:00 A.M and 12:00 P.M using a 
red light as source of illumination. Different groups of mice were used 
for the time period exposure and the drug studies. A total of 36 mice 
were used. Experiment consisted of 6 groups of mice (6 mice/group).

Drugs and solutions
Desvenlafaxine was purchased from Sigma (Sigma-Aldrich, St. 

Louis, MO, USA), ethanol (Changshu Yangyuan Chemical, China) 
were used in present study. All the drugs were dissolved in Double 
Distilled Water (DDW). Drug solutions were prepared fresh and their 
doses are expressed in terms of their free bases.

Experimental Procedure
Animals were randomly divided into six groups of 6 animals in 

each-

Group-1, vehicle treated, received double distilled water;

Group-2, received Desvenlafaxine (80 mg/kg);

Group-3, received ethanol;

Group-4, 5, 6, received ethanol + Desvenlafaxine (20 mg/kg, 40 
mg/kg & 80 mg/kg); for 14 days;

Ethanol control group mice received ethanol for 14 days at a daily 
dose of 8 g/kg (as a 20% solution, given as two oral gavages of 24 mL/
kg at 8 a.m. & 4 p.m.). DDW Control mice received the same volume 
of double distilled water and treatment with desvenlafaxine (20 mg/
kg, 40 mg/kg, 80 mg/kg orally) 1 hr before ethanol dosing was started 
from first day of experiment.

On the 15th day, 16 hours after the last ethanol exposure, the 
behavioral tests were performed one hour one after the other. 
Locomotor activity was investigated using actophotometer, anxiety 
was measured in the Elevated Plus Maze test (EPM). Depression-like 
behaviour was assessed in the Forced Swim Test (FST). At the end of 
each experimental session, the floor and walls of the test box and the 
elevated plus maze were wiped clean and dried [21].

Behavioral Parameters
Locomotor Activity (LCA) monitoring

Locomotor activity was assessed in actophotometer (VJ 
Instruments, Amaravati, India), having a diameter of 40 cm, 
equipped with three infrared beam cells pair (pair: one emitter and 
one receiver), 20 cm apart from each other and located on the walls 
of the circular arena and connected to digital counter. Locomotor 
activity was expressed in terms of total number of counts of beams 
interruptions in 30 minutes [22].

Elevated Plus-Maze (EPM)
The EPM test is one of the most widely used non-conditioned 

tests to evaluate anxiety-like behaviors [23-25]. EPM apparatus 
consists of two opposite open arms 50 cm × 10 cm and two opposite 
arms enclosed by 40 cm high walls and elevated 50 cm from the floor. 
The arms are connected by a central 10 cm × 10 cm square, and thus 

the maze forms a "plus" shape [26]. In this test, each rat is placed in 
the central square with the head facing the closed arm of the EPM 
and its behavior is observed for 5 minutes. Anxiety-like behaviors are 
defined as the decrease in the total time spent in the open arm [27]. 
Each animal’s activity in EPM was recorded using a video camera for 
subsequent analysis of total time spent in the open arm.

Forced Swim Test (FST)
Forced swim test was carried out by a method described earlier 

[28,29]. Mice were placed for 6 minutes in a glass cylinder (height: 
35 cm; diameter: 17 cm) filled with water (25 ± 1°C) to a depth of 25 
cm. The water depth was adjusted so that the animals must swim or 
float without their hind limbs or tail touching to the bottom. During 
testing, an individual mouse was placed in the cylinder for 6 minutes, 
and the duration of immobility (the time during which mouse made 
only the small movements necessary to keep their heads above water) 
was scored. As suggested by Porsolt, only the data scored during the 
last 4 minutes were analyzed and presented.

Results
Effects of treatment with desvenlafaxine on locomotor 
activity

The effects of desvenlafaxine on locomotor activity in naive 
animals are illustrated in Figure 1. Two-way ANOVA revealed that 
treatment with desvenlafaxine (20 mg/kg, 40 mg/kg and 80 mg/
kg, i.p.) was devoid of any significant effects on locomotor activity 
compared to vehicle treated animals [F(5,35)=14.44, P=0.0001].

Figure 1: Effects of treatment with desvenlafaxine on locomotor activity.

Each bar represents mean ± S.E.M. of 5-6 observations. Testing 
was conducted 14-16 hours after the last alcohol exposure. @P<0.001 
vs. DDW control group, ***P<0.001 vs. ethanol control group (One-
way ANOVA followed by Tukey’s post hoc test). DDW control: Double 
Distilled Water control; DDW + Des 80: Double Distilled Water 
desvenlafaxine (80 mg/kg) treated; E control: ethanol control; E + Des 
20: ethanol desvenlafaxine (20 mg/kg) treated; E + Des 40: ethanol 
desvenlafaxine (40 mg/kg) treated; E + Des 80: ethanol desvenlafaxine 
(80 mg/kg) treated.

Effects of treatment with desvenlafaxine on Elevated plus 
maze

The influence of desvenlafaxine on time spend in open arm in 
elevated plus maze test is depicted in Figure 2. One-way ANOVA 
revealed that desvenlafaxine had significant influence on time spend 
in open arm [F(5,35)=18.25, P=0.0001]. Post hoc test indicated that 
desvenlafaxine (40 and 80 mg/kg) significantly increased time spend 
in open arm in elevated plus maze test as compared to ethanol treated 
mice. Ethanol control significantly decreased time spend in open arm 
in elevated plus maze test as compared to DDW control group.
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Each bar represents mean ± S.E.M. of 5-6 observations. Testing 
was conducted 14-16 hrs after the last alcohol exposure. @P<0.001 
vs. DDW control group, **P<0.01 and ***P<0.001 vs. ethanol control 
group (One-way ANOVA followed by Tukey’s post hoc test). DDW 
control: Double Distilled Water control; DDW + Des 80: Double 
Distilled Water desvenlafaxine (80 mg/kg) treated; E control: ethanol 
control; E + Des 20: ethanol desvenlafaxine (20 mg/kg) treated; E 
+ Des 40: ethanol desvenlafaxine (40 mg/kg) treated; E + Des 80: 
ethanol desvenlafaxine (80 mg/kg) treated.

Effects of treatment with desvenlafaxine on Forced swim 
test

The influence of desvenlafaxine on immobility time in forced 
swim test is depicted in Figure 3. One-way ANOVA revealed 
that desvenlafaxine had significant influence on immobility time 
[F(5,35)=16.01, P=0.0001]. Post hoc test indicated that desvenlafaxine 
(20 mg/kg, 40 mg/kg & 80 mg/kg) significantly reduced immobility 
time in forced swim test as compared to ethanol treated mice. Ethanol 
control significantly increased the immobility time in forced swim 
test as compared to DDW control group.

and increase immobility time in forced swim test in mice. Chronic 
treatment with desvenlafaxine significantly reversed the behavioral 
activity like increase locomoter activity in actophotometer and time 
spend in open arm in elevated plus maze, and decrease immobility 
time in forced swim test in mice.

Behavioral symptoms of alcohol misuse often mimic various 
psychiatric disorders including anxiety and depression. Thus, co-
occurrence of alcoholism with neuropsychological disorders such as 
anxiety and/or depression, can introduce therapeutic challenges for 
treatment of alcoholism. This is most readily manifested in terms of 
relapse prevention as such mood is orders may significantly facilitate 
relapse to alcohol use [30-33]. At the time of withdrawal from 
alcohol (16 hours after the last alcohol treatment), ethanol-treated 
mice had decreased locomotor activity in the actophotometer. The 
actophotometer is a common measure of exploratory behaviour and 
general activity in mice, where both the quality and quantity of the 
activity can be measured. This test is also commonly used to assess the 
sedative, toxic, or stimulant effects of compounds [34]. In the present 
study, the decreased locomotor activity of ethanol-treated animals 
might be partly due to neurotoxic effect of alcohol on neuronal cells 
where as desvenlafaxine treatment of ethanol treated mice increased 
locomoter activity in actophotometer. In the present study, elevated 
plus maze and forced swim test were used for assessment of anxiety 
and depression respectively. Increased times spend in open arm in 
elevated plus maze demonstrates intact anti anxiety function. Chronic 
ethanol treated mice show a significant decrease in time spend in 
open arm as compared to DDW control and per se group, whereas 
desvenlafaxine treatment (40 mg/kg and 80 mg/kg) of ethanol treated 
mice increased the time spend in open arm. The decreased time 
spent in the open arms of the EPM was consistent with an anxiety-
like effect of ethanol [35]. In present study the forced swim test 
revealed that ethanol treated mice exhibited a increased immobility 
time as compare to DDW control group and per se group, which 
was significantly reversed dose dependently on treatment with the 
desvenlafaxine (20 mg/kg, 40 mg/kg and 80 mg/kg). Desvenlafaxine 
is a novel atypical antidepressant referred as ‘Serotonin and Nor-
Adrenaline Reuptake Inhibitor’ (SNRI) as it inhibits serotonin and 
nor-epinephrine reuptake in the presynaptic cleft [19]. But in contrast 
to older tricyclic antidepressants it does not interact with cholinergic, 
adrenergic or histaminergic receptors or have any sedative property. 
Dysregulated serotonin transmission has long been implicated in 
depression [36]. This excludes the possibility that the activity per 
se may have contributed to the changes in elevated plus maze test 
and forced swim test in vehicle treated alcohol dependent mice and 
the desvenlafaxine treated alcohol dependent mice. The results of 
the present study revealed that treatment with desvenlafaxine dose 
dependently prevented anxiety and depression like behavior in 
ethanol-induced mice.

Conclusion
In conclusion, the findings of the present investigation suggest that 

desvenlafaxine exerts its beneficial effects against ethanol-induced 
anxiety and depression and it may be attributed to its antianxiety 
and antidepressant activity. Thus desvenlafaxine may be projected 
in the treatment of anxiety and depression associated with chronic 
alcoholism.
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