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ABSTRACT

The aim of the present study is to assess the neurogenesis effect of venlafaxine in the frontal
cortices and nucleus accumbens of mice exposed to chronic mild stress (CMS) for 3 weeks. Mice
were divided into three groups: group (1) was control, non stressed, saline- treated mice, group (2)
was control exposed to chronic mild stress, saline- treated mice and group (3) was treated by
venlafaxine in dose of 8 mg/kg/day during exposure to chronic mild stress for another 3 weeks. The
following parameters were measured at the end of the 6th week of the study: sucrose consumption
& serum corticosterone in mice as indicators for induction of stress, brain derived neurotropic factor
[BDNF] level in the frontal cortex and nucleus accumbens of mice as a marker of neurogenesis. The
results showed that administration of venlafaxine ip to mice exposed to CMS produced significant
(p<0.05) decrease of the serum corticosterone level in mice compared to stressed & saline-treated
group (2). Additionally, significant (p<0.05) increase in BDNF concentration in both frontal cortices
and nucleus accumbens of stressed mice compared with both control and stressed non-treated
groups (1&2). The results of the present work provide an evidence for potential neurogenesis effect
of venlafaxine which might add benefits to its therapeutic use in treatment of depressed mood.
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INTRODUCTION tramadol, but not to any of the conventional

antidepressant  drugs including  tricyclic
Venlafaxine (VENLA) is considered among the antidepressants, selective serotonin reuptake
most commonly used antidepressant drugs. inhibitors  (SSRIs), monoamine  oxidase
Venlafaxine, a hydroxyl-cyclo-alkyl-phenyl- inhibitors  or  reversible inhibitors of
ethylamine  derivative, is a bicyclic monoamine oxidase such as moclobemide.
antidepressant which is structurally and Venlafaxine ks basi tariieg 5
pharmacologically related to the analgesic
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serotonin/noradrenalin  reuptake inhibitor
(SNRI) [1].

Forty years after the initial discovery of
neurogenesis in the postnatal brain of the rat
in 1960s, evidence has been raised that
functional neurons are generated throughout
the entire lifespan particularly in the dentate
gyrus (DG) and the subventricular zone (SVZ).
This phenomenon has been termed adult
neurogenesis (AN) [2]. It is one of the most
rapidly growing areas in the neuroscience
research. There is a great interest in its
potential role in the pathophysiology of
psychiatric disorders. In parallel with early
development, adult neurogenesis occurs
through the proliferation of precursor cells
which migrate to specific regions and
differentiate into neurons with characteristics
indistinguishable from the existing mature
neurons. These findings have led to change
the concept of neuroplasticity in the adult
brain to include the formation of new neurons
as well as new connections [3].

In cases of depressed mood and other
neuropsychiatric disorders, neuroplasticity is
the brain ability to reorganize itself, generate
new cells, new neural pathways and to change
which areas control which will take over the
functions of destroyed neurons [4].

Brain derived neurotropic factor [BDNF], an
important protein in neurogenesis, shows a
down regulation that may have consequences
for the viability of hippocampal neurons since
BDNF decreases the vulnerability of cultured
hippocampal neurons to glucose deprivation
and reduces glutamate neurotoxicity in
neurons of patients with depressed mood [5].
Moreover, chronic exposure to high levels of
corticosterone e.g. major depressive disorders
is known to downregulate BDNF mRNA in all
hippocampal subfields. In addition, it
increases the vulnerability of the hippocampal
neurons to metabolic and excitotoxic
challenges. BDNF down regulation is likely to
be involved in these effects [5].

The aim of the present work is to study a
possible increase in BDNF contents in selected
brain areas to significant values to help
inducing neurogenesis by administration of
venlafaxine in male albino mice exposed to
CMS-model simulating human depression.

Corticosterone was measured in the serum of
the tested mice as well as BDNF
concentrations are measured in their frontal
cortex [area of cognition] and nucleus
accumbens [area responsible for mood and
affective disorders, being a part of limbic
system].

MATERIALS & METHODS:
MATERIALS

Venlafaxine HCl (Wyeth-Ayerst) was dissolved
in saline in a volume of 20 ml/kg.
Corticosterone ELISA kit was used for in vitro
quantitative determination of mice
corticosterone concentrations in their serum.
Brain-derived neurotropic factor [BDNF] ELISA
kit was used for in vitro quantitative
determination of mice BDNF concentrations in
their brain tissue lysates i.e. of isolated frontal
cortices and nucleus accumbens. Both kits
were purchased from Sigma Chemicals Co.
Methods

ANIMALS:

Thirty-six male albino mice, weighing 20-25
gm, were used allover experimental
procedures. They were randomly allocated
into 3 groups, number of animals in each
group=12. Mice were allowed one week to
acclimate to the surroundings before
beginning any experimentation. Animals were
housed in individual plastic cages. Food and
tap water were available ad libitum for the
duration of the experiments unless otherwise
noted. Sucrose solution (2%) was available ad
libitum for one week preceding the
experimental procedures to allow adaptation
to the taste of sucrose. The temperature was
maintained at 22+2°C. The light-dark cycle
(LD) was on a 12 h light/dark cycle with lights
on at 06:00 a.m. and off at 06:00 p.m., unless
otherwise noted during the stress procedure
(6 weeks).

EXPERIMENTAL PROTOCOL:

Mice were weighed and each one was placed
in an individual cage. To introduce the mouse
to sucrose solution and to obtain baseline
data on sucrose consumption, mice were
given bottles of 2% sucrose. Twenty-four
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hours later, the bottles were removed and
weighed to measure liquid intake. The water
bottles were then replaced. Sucrose intake
was measured again for a 1-h period. On the
basis of body weight and sucrose intake
(during the 24- and 1-h periods), mice were
assigned to experimental or control groups
(n=12 in each group). Body weight, in addition
to sucrose consumption, was used to separate
animals in an effort to minimize future
changes in caused by
differences in body size. Experimental animals
were exposed to 6 weeks of chronic mild
stress. Antidepressant-treated animals
received a daily dose (ip) of venlafaxine
starting from the end of the 3" week up to
the end of the 6™ week of CMS. The control
animals were left undisturbed during the 6
weeks-period, except for scheduled daily ip
injection of saline in the last 3 weeks
simulating the test group of treated animals,
in addition to cleaning, feeding and weighing
procedures ( group 1) while group (2) is
additionally exposed to CMS during the 6
weeks of the study.

sucrose intake

During the stress period, control and
experimental animals were weighed weekly. A
1-h sucrose test was given to all animals once

a week.
DRUG ADMINISTRATION:

Where indicated, mice were injected ip with a
once daily dose of either saline (control
group), venlafaxine hydrochloride (8 mg/kg)
that was dissolved in saline in the last 3 weeks
of CMS. The injected volume did not exceed
20 ml/kg body weight.

SELECTION OF THE DOSE OF VENLAFAXINE:

A pilot study was done to determine the dose
that would show significant results as | had a
limited amount of drug's powder. | tried 0.5,
1, 2, 4, 8 and 16 mg/kg/day. Actually,
significant changes in the measured
parameters were observed obviously with the
dose of 8 mg/kg/day. This was supported by
the dose selected in experimental work done
by David et al [1].

Ethics:

All  experiments were conducted in
accordance with the National Institute of
Health Guide for the Care and Use of
Laboratory Animals.

SIX-WEEK
PROCEDURE:

APPLICATION OF CMS

It was adopted from [6] and [7]. The protocol
consisted of the following stressors applied
for the first 3 weeks of the study without
treatment to induce anhedonia simulating
human depression in mice:

16-h water deprivation (water bottles were
removed from the cages during this time)

5 min.-tail suspension (animals were held
upside down by their tail with metal tongs)
1-to2-h restraint (animals were placed in a 50
ml conical tube with breathing holes)

30-45 min. paired housing (the mouse was
placed in the cage of another mouse of the
stress group, each week the home cage
mouse was alternated)

Soiled cage: 100 ml (16-18°C) water was
poured into the cage

5-min forced swim in cold water (16-18°C)
Each week, the stressors were presented in a
different order and given at different times of
the day.

The development of anhedonia in mice was
tested by sucrose test. The stressed animals
consumed less sucrose when they become
anhedonic comparing to the control group.
Preliminary data have shown that control
mice prefer a 2% sucrose solution over regular
un-sweetened water (pilot study). Once each
week, animals were given bottles of 2%
sucrose for a 1-h period, this occurs 6 hours
after lights out (because the pilot study
revealed that mice consumed more water
during their active period), thereby,
enhancing the chance of seeing a difference in
sucrose consumption. After 1-hour, sucrose
bottles were removed and total sucrose
consumption in mL was calculated.

After exposure for 3 weeks stressors, the mice
were divided into 3 groups (each group=12
mice) with daily administration of saline or
venlafaxine for another 3 weeks as follows::

Group (1): control non-stressed & saline-

treated group (ip)
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Group (2): control stressed & saline-treated
group (ip)

Group (3): stressed & venlafaxine-treated
group (8 mg/kg/day ip)

At the end of the 6™ weeks, all mice were
sacrificed and the following tests were done:

1-Measurement of serum corticosterone by
ELISA [8]: Serum samples were collected from
all tested mice. ELISA test was done for
determination of their serum corticosterone
as explained in the brochure of the kit.

2- Measurement of brain derived neurotropic
factor [BDNF] in the frontal Cortex and
nucleus accumbens of tested mice by ELISA kit
[9] as explained in the brochure of the kit.

3-Quantification of the total tissue protein of
frontal cortex and nucleus accumbens isolated
from each tested mice:

This was done according to Bradford [10].
The aim is to relate the BDNF concentration to
the total tissue protein.

ANALYSIS OF DATA:

Data, mean + SD, of sucrose consumption &
serum corticosterone and concentrations of
BDNF in selected brain areas of the tested
groups were statistically analyzed using one-
way ANOVA followed by Tukey's test. p<0.05

was used as a criterion of statistical
significance using Graph Pad Prism version
3.00 for Windows 97 (Graph Pad Software,
San Diego, CA, U.S.A ).

RESULTS

. Effect of venlafaxine on sucrose
consumption test in CMS-induced anhedonia
in albino mice:

Figure (1) demonstrates the reversal
of anhedonia after 3 weeks i.p. administration
of 8 mg/kg/day venlafaxine to male albino
mice continuously exposed to CMS protocol.
Sucrose consumption in mL of the different
groups (control, CMS and CMS+ venlafaxine
administration) was calculated. In comparison
to the control-saline injected group (1), the
CMS-exposed group (2) was associated with a
decrease (- 85.75 %) in sucrose consumption [
0.57+ 0.15 vs. 4.00+0.44 mL; mean%SD].
This decrease was reversed with the
administration of venlafaxine [group 3] to
+9.75 % of the control group (1) level. [4.39
+0.41 mL versus the control value of
4.00+£0.44 mL; meaniSD]. The effect of
venlafaxine was statistically  significant
(p<0.05).
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Meant SD of sucrose consumption in mL

Group

Figure (1): Influence of exposure to chronic mild stress (CMS) on sucrose consumption in male
albino mice of the different groups; control, chronic mild stress -with and without venlafaxine
treatment. Data are means+ SD from 12 animals per group.

*p<0.05= significant decrease vs control group 1.

** p<0.05 = significant increase versus control-CMS group 2.

1.
(ng/mL) in male albino mice in control group
(1), stressed saline-treated group (2) and
stressed venlafaxine-treated group exposed
to CMS for 6 weeks

Serum corticosterone concentrations

Figure (2) demonstrates reduction in serum
concentration of corticosterone after 3 weeks
i.p. administration of 8 mg/kg/day venlafaxine
to male albino mice continuously exposed to
CMS protocol. Corticosterone concentrations
in ng/mL of the different groups (control, CMS

and CMS+ venlafaxine administration) were
calculated. In comparison to the control-saline
injected group (1), the CMS-exposed group (2)
was associated with an increase (+ 94.27 %) in
corticosterone concentration [ 16.28+ 1.20
Vs. 8.38+0.71 ng/mL; mean+SD]. This
increase was reversed with the administration
of venlafaxine [group 3] to -85.56 % of the
control group (1) level. [1.21 +0.41  ng/mL
versus the control value of 8.38+0.71 ng/mL;
mean+SD]. The effect of venlafaxine was
statistically significant (p<0.05).
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Figure (2): Influence of exposure to chronic mild stress (CMS) on serum corticosterone
concentrations in male albino mice of the different groups; control, chronic mild stress -with and
without venlafaxine treatment. Data are meanst SD from 12 animals per group.

*p<0.05= significant increase vs control group 1.

** p<0.05 = significant decrease versus control-CMS group 2.

ll. Effect of ip administration of venlafaxine (8
mg/kg/day) for 3 weeks on the BDNF
concentration (pg/ng protein) in frontal cortex
of male albino mice in control group (1),
stressed saline-treated group (2) and stressed
venlafaxine-treated group exposed to CMS for
6 weeks

Figure (3) demonstrates reduction in
concentration of BDNF in lysates of frontal
cortex isolated from tested mice after 3 weeks
i.p. administration of 8 mg/kg/day venlafaxine
to male albino mice continuously exposed to
CMS protocol. BDNF concentrations in pg/ng

protein of the different groups (control, CMS
and CMS+ venlafaxine administration) were
calculated. In comparison to the control-saline
injected group (1), the CMS-exposed group (2)
was associated with a decrease (- 71.25 %) in
BDNF concentration [ 7.38+ 1.05 Vs,
25.6743.5 pg/ng protein; meantSD]. This
decrease was reversed with  the
administration of venlafaxine [group 3] to
+50.29 % of the control group (1) level. [38.58
+5.0 pg/ng protein versus the control value of
25.67+3.5 pg/ng protein; meankSD]. The
effect of venlafaxine was statistically
significant (p<0.05).
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Figure (3): Influence of exposure to chronic mild stress (CMS) on BDNF concentrations in frontal
cortex (F.Cx.) of male albino mice of the different groups; control, chronic mild stress -with and
without venlafaxine treatment. Data are meanst SD from 12 animals per group.

*p<0.05= significant decrease vs control group 1.

** p<0.05 = significant increase versus control-CMS group 2.

IV. Effect of ip administration of venlafaxine (8
mg/kg/day) for 3 weeks on the BDNF
concentration (pg/hg protein) in nucleus
accumbens of male albino mice in control
group (1), stressed saline-treated group (2)
and stressed venlafaxine-treated group
exposed to CMS for 6 weeks

Figure (4) demonstrates reduction in
concentration of BDNF in lysates of nucleus
accumbens isolated from tested mice after 3
weeks i.p. administration of 8 mg/kg/day
venlafaxine to male albino mice continuously
exposed to CMS  protocol. BDNF
concentrations in pg/ng protein of the

different groups (control, CMS and CMS+
venlafaxine administration) were calculated.
In comparison to the control-saline injected
group (1), the CMS-exposed group (2) was
associated with a decrease ( -337.89 %) in
BDNF concentration [ 13.17+ 2.8 vs. 57.67+4.7
pg/ng protein; mean+SD]. This decrease was
reversed with the administration of
venlafaxine [group 3] to +14.35 % of the
control group (1) level. [67.33 +4.8 pg/ng
protein versus the control value of 57.67+4.7
pg/ng protein; meantSD]. The effect of
venlafaxine was  statistically  significant
(p<0.05).
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Figure (4): Influence of exposure to chronic mild stress (CMS) on BDNF concentrations in nucleus
accumbens (N.Ac.) of male albino mice of the different groups; control, chronic mild stress -with
and without venlafaxine treatment. Data are means+ SD from 12 animals per group.

*p<0.05= significant decrease vs control group 1.

** p<0.05 = significant increase versus control-CMS group 2.

DISCUSSION

The present study was designed to investigate
the possible neurogenesis effect of
venlafaxine (SNRI) on the frontal cortex and
the nucleus accumbens of stressed mice. The
chronic mild stress model was used in this
study and serum corticosterone level was
measured as a induction of
psychological stress in the mice, in addition to
1-hour sucrose consumption once/week. The
BDNF concentration, as a marker for
neurogenesis, was assessed to indicate the
occurrence of neurogenesis in the frontal
cortex that is the area responsible for the
cognitive functions, and in the nucleus
accumbens as an area responsible for the
mood disturbances, being a part of the limbic
system.

The results of the present study showed that
exposure of mice to chronic mild stressors
daily for 6 weeks produced statistically
significant  (p<0.05) elevation of serum
corticosterone
compared with the control

marker of

mice
non-stressed

concentration in

group. This indicates the induction of stress as
agreed with [11] who stated that the stressors
such as restraint and noise result in a rise in
corticosterone  secretion in  rodents. In
addition, an experimental study
demonstrated that the serum corticosterone
concentration was increased during exposure
to the restraint stress in rats in both large and
small cages [12]. Restraint stress not only
blacks acetyl choline release but also exerts
deleterious effects on the hippocampus
through a glucocorticoid which increases in
the blood by stimulating the HPA axis. As a
result, hippocampal cell death associated with
deficits in learning and memory functions
occurs with occurrence of similar deleterious
effects in other brain areas [13]. The results of
the present study also coincide with [14] who
reported use of chronic restraint stress is a
reliable and efficient method to produce
psychological stress in rats with the ability of
chronic antidepressant therapy to induce
neurogenesis in hippocampus of stressed rats.
This could occur in important brain areas
related to cognition as frontal cortex or mood
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changes as nucleus accumbens, when mice
exposed to CMS-induced anhedonia model of
depression. These findings support the
interpretation that chronic psychological
stress produces structural changes in brain of
stressed animals. The differences in stress
effects observed across different studies may
be due to rat strain, type of stressor, and
housing conditions [15].

Preclinical studies have shown that acute and
chronic stress dependent on the species and
the stressor (immobilization, restraint,
psychosocial conflict) produce structural and
functional changes in the brain [16]. The
functional changes may include decreased
mRNA levels of specific proteins linked to
neural and synaptic plasticity such as growth-
associated protein 43 (GAP-43), brain derived
neurotropic factor (BDNF) and synaptophysin.
Such structural and functional changes have
also been shown in subjects suffering from
major depression, bipolar disorders and
schizophrenia [17].

The neurogenic theory of depression has
been put forward a link of the suppressed rate
of adult hippocampal neurogenesis to
vulnerability for depression. This concept
postulates that a reduced production of new
neurons in the hippocampus contributes to
the pathogenesis of depression. Thus
successful antidepressant treatment requires
an enhancement in hippocampal
neurogenesis [4 & 18]. The important
hallmarks of this theory were the following
findings: 1) Stress inhibits adult hippocampal
neurogenesis in animals and is a risk factor for
depression in predisposed people. 2)
Depressed patients often have cognitive
deficits and smaller hippocampal volumes
which might be the result of suppressed
neurogenesis or altered cellular turnover
rates. 3) Antidepressant treatment stimulates
neurogenesis and reverses the inhibitory
effect of stress. 4) Many antidepressant drugs
exert their therapeutic effects after 3-4
weeks of administration which parallels the
time course of maturation of the newly
generated neurons. 5)  Ablation of
hippocampal neurogenesis  blocks  the
behavioral effects of  antidepressant
treatment in mice [19 & 20].

Almost all antidepressants investigated have
been shown to increase cell proliferation and

neurogenesis in a chronic time course (21
days). Fluoxetine (SSRI), tranylcypromine (a
monoamine  oxidase inhibitor;  MAOQOI),
reboxetine  (SNRI) and  rolipram (a
phosphodiesterase-IV inhibitor; PDE-IV
inhibitor) have all been shown to produce this
effect [21]. This observation indicates that a
long-term  antidepressant  regimen s
necessary to increase the cell proliferation.
Similarly, tianeptine, an atypical
antidepressant, increases hippocampal cell
proliferation and neurogenesis [22].

Although these effects have been mainly
studied in vivo, fluoxetine has been shown to
increase the cell proliferation in vitro using
cell cultures treated with doses relevant to a
therapeutic plasma concentration  [23].
Electroconvulsive therapy (ECT) also increases
the cell proliferation and neurogenesis in the
adult rat. When compared with the
antidepressants, ECT is the most potent
inducer of the cell proliferation. Although one
study has reported that a single ECT exposure
significantly increased the cell proliferation, it
has been shown that a longer duration of ECT
produces subsequent increases in the cell
proliferation [24, 25 & 26].

Reductions in hippocampal volume and in
adult neurogenesis are not specific for
depression and have also been implicated in
various other psychiatric disorders for
example schizophrenia, dementia, addiction
and anxiety [27]. Also, neurogenesis
mechanism was revealed by action of
antidepressant drugs [28]. This increase in
neurogenesis by the long-term antidepressant
administration (2—4 weeks) is dependent also
on duration of their therapeutic course.

These studies suggest that induction of
neurogenesis is one mechanism by which
some antidepressants could block or reverse
the atrophy and loss of brain neurons that
occurs in response to stress [29].

The results of the present work provide an
evidence for potential neurogenesis effect of
venlafaxine which might add benefits to its
therapeutic use in treatment of depressed
mood. A recommendation of further studies
that analyze the number of granule cells in
post-mortem brain of depressed patients who
were  either drugfree or receiving
antidepressants at the time of death to prove
this possibility.
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