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INTRODUCTION
The term stress was borrowed from Physics by the Hans Selye who is 
been regarded as the "Father of Stress Research". Stress is anything 
that disturbs the “homeostasis” of the body, the consequences of 
it been linked with increase in smoking, substance use, accidents 
and sleep related problems. Populations that live in more stressful 
environments (communities with higher divorce rates, business 
failures, natural disasters, etc.,) smoke more heavily and experience 
higher mortality from lung cancer and chronic obstructive pulmonary 
disorder [1]. It can also be defined as the inability of an animal to cope 
up with its surrounding environment [2]. Stress is characterized by 
physiological changes that occur in response to a new or a negative 
response [3]. Antidepressants are recommended for stress related 
disorders like depression [4]. Fluoxetine is a selective serotonin 
reuptake inhibitor group of antidepressant used in the treatment of 
wide range of mood disorders [5]. These drugs are also used in 
the management of stress, stress related depression and anxiety 
[6]. It has been used clinically as it is safe, few side effects and 
greater tolerability [7]. Since its early discovery, it was believed to 
inhibit the serotonin uptake which contributed to its therapeutic 
use. However, in the recent years, it has been suggested that its 
antioxidant property and neurogenic property might be the reason 
behind its therapeutic effect. This fact is still under cloud and is a 
topic of debate. The present study was done to evaluate the effect 
of fluoxetine in the hippocampus of cold restraint stressed male 
wistar albino rats.

MATERIALS AND METHODS

Animals
The study was conducted in Biomedical Research Unit and Lab 
Animal Center (BRULAC), Saveetha University, Chennai, India (from 
January 2015 to February 2015). A total of 18 male wistar albino 
rats of weight around 150 g-200 g (12-16 weeks) were used (n=6). 
Prior ethical approval was obtained from the Institutional Animal 
Ethical Committee (SU/SMC/RD/001/2014). All the experimental 
procedures were carried out according to the Committee for the 
Purpose of Control and Supervision of Experiment on Animals 
(CPCSEA) guidelines. All the rats (three rats per cage) were housed 
in polypropylene cage under standard laboratory conditions with 
food and water provided ad libitum. 

Experimental Design
The animals were divided randomly into the following groups. 

Group 1- Control (given normal saline orally)

Group 2 – Cold restraint stress for 28 days (four weeks) –Negative 
control
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ABSTRACT
Introduction: Stress has been known to be a potential modulator 
of learning and memory. Long term stress can lead to depression. 
Fluoxetine is a selective serotonin reuptake inhibitor group of 
drug used in the treatment of depression. 

Aim: The present study was conducted to evaluate the potential 
of Fluoxetine on cold restraint induced stress in the hippocampus 
of Wistar rats.

Materials and Methods: A total of 18 male wistar albino rats 
were divided randomly into three groups (n=6). Group 1 was the 
control group which were kept in normal laboratory conditions. 
Group 2 was the negative control group which were given 
cold restraint stress for period of four weeks. Group 3 was the 
experimental group, where the animals were pretreated with 
fluoxetine 10 mg/kg for a period of one week followed by cold 
restraint stress for 30 minutes and cotreated with fluoxetine 10 
mg/kg for a period of four weeks. The whole study was done 
for a period of five weeks followed by behavioural studies 

and subsequently sacrificed with removal of brain for various 
histological, Immunohistochemical (IHC), neurochemical and 
antioxidant analysis. The values were expressed as Mean±SEM. 
One-way analysis of variance followed by Tukey’s multiple 
comparisons test was used for the comparison of means. A 
probability of 0.05 and less was taken as statistically significant 
using Prism Graphpad software version 6.01. 

Results: The results show there was significant improvement 
in the Morris water maze test after treatment with fluoxetine 
in Group 2. Similar results were also noted in the levels of 
neurotransmitters and antioxidant levels in brain and also in 
the number of cells counted in IHC and histological studies by 
H&E when Group 3 was compared with Group 2. The treatment 
reversed the damage in Group 2 which was comparable with 
the control group. 

Conclusion: The results revealed that administration of 
fluoxetine 10 mg/kg given orally has a potential antistressor 
effect by improving the neurogenic and neuroprotective effect 
on the cold restraint stress induced hippocampal damage. 

[Table/Fig-1]: The experimental design for the study.
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Group 3 – Experimental group- The animals were treated with 10 
mg/kg of the fluoxetine in combination with cold restraint stress.

The experimental groups were pretreated with fluoxetine for one 
week before the start of the stress paradigm [Table/Fig-1].

Drug Procuring and Dosage
The drug fluoxetine hydrochloride (Loftil) was purchased from a 
pharmacy in Chennai through proper channel. The drug was mixed 
along with water (vehicle) and was given to the animals orally by oral 
gavage technique. The animals in Group 3 were given a single dose 
of 10 mg/kg for a period of five weeks (one week pre-treatment+ 
four week treatment).

Stress Protocol
The animals of Group 2 and Group 3 were given cold restraint 
stress. The animals were immobilised at 40C-60C for 30 minutes 
for period of four weeks. The animals were then placed in their 
cages for a 5 minute re-adaptative period before receiving fluoxetine 
hydrochloride 10 mg/kg dissolved in normal saline (Group 3). Group 
1 was the control group which was given only Normal saline and 
Group 2 was the stressed group which received only normal saline 
after cold restraint stress.

Blood Collection
Collection tubes containing sodium citrate as anticoagulant were 
used to collect the sample from the retro-orbital venous plexus with 
isoflurane inhalation. This procedure was done under the guidance 
of veterinary surgeon. Samples were centrifuged at 4°C for 15 
minute at 3000 rpm. Small portion of it were aspirated and stored 
in sealable polypropylene microcentrifuge tubes at –20° C until 
assayed for serum corticosterone.

Corticosterone Levels
Corticosterone hormone is a stress marker used for assessing 
stress levels. High-Performance Liquid Chromatography (HPLC) 
was performed for serum corticosterone hormone estimation using 
a Shimadzu UHPLC (Japan) equipped with an autoinjector and 
an autosampler. Separations of the steroids were performed on a 
Hypersil Thermo C18 column (3.0 mm, i.d., x 50 mm, l.3 μm particle 
size). The injection volume was 5 μL and the oven temperature was 
25°C. The mobile phase consisted of 5 mM ammonium acetate and 
methanol (25: 75, v/v) and was delivered at a flow rate of 0.25 mL/
minute. with PDA detector@ 242 nm.

Behavioural Studies
Before the sacrifice, Morris water maze test was conducted for all 
three groups at the end of the fifth week. The maze consisted of 
a black pool (6 feet in diameter, 3 feet high) filled with water and 
a black platform (10 cm in diameter). The escape platform was 
kept above the water surface by 1 foot during the initial training 
period and placed in the centre. During the testing period, water 
was further filled so that, the platform is hidden and the maze water 
was added with few drops of non fat milk to make the water appear 
opaque. The four starting locations were labelled North (N), East 
(E), South (S), and West (W) at an equal distance from the rim. The 
water was maintained at a temperature of 22±2˚C. The temperature 
was checked and the pool was cleaned periodically. 

On the first day after the end of treatment paradigm, all the animals 
of each group were given training three times by guiding them to 
reach the platform. On the second day, the rats were tested using 
a standard protocol. The time taken by each animal to reach the 
hidden platform was measured using a timer and the data was 
recorded manually into MS Excel 2016 for statistical analysis [8].

Sacrifice
The animals were sacrificed, 24 hours after the last injection of BrdU 
(Cell proliferative marker). The rats were deeply anaesthetized and 
was perfused transcardially with cold 0.1 M Phosphate Buffered 
Saline (PBS) followed by 4% paraformaldehyde after which the 
brain were dissected out. Later the brains were placed in 4% 
buffered formalin for 24-48 hours until the brain was properly fixed. 
Mid sagittal sections were made so that, one half of the brain was 
utilised for neurotransmitter and antioxidant level estimation and the 
other half was utilised for histological and immunohistochemical 
studies.  

Estimation of Oxidative Stress Markers
Immediately after dissection of brain, homogenates were prepared 
from one half of the brain 10% tissues (w/v) in 0.05 M phosphate 
buffer, pH 7.4 or EDTA 0.02 M for the enzymatic assays.

Superoxide dismutase (SOD) was assayed according to the 
technique of Kakkar P et al., [9]. This method is based on the ability 
to inhibit the auto oxidation of pyrogallol at alkaline pH (8.2) by SOD. 
Catalase (CAT) activity was assayed by the method of Sinha AK 
[10]. The CAT activity was measured by rate of decomposition of 
hydrogen peroxide. Reduced glutathione (GSH) was assayed by 
following the method of Oliveria AC et al., [11]. GSH is measured 
by its reaction with 5,5’-dithionitro benzoic acid (DTNB) (Ellman’s 
reaction). Glutathione peroxidase (GPx) activity was determined by 
Hafeman DG et al., [12]. The activity was determined by measuring 
the decrease in the GSH content by incubating the sample in 
presence of hydrogen peroxide and sodium nitrite. 

Analysis of Neurotransmitters Levels

Extraction medium: Brain samples were then homogenized 
in extraction medium. Extraction medium was prepared by 0.4 M 
perchloric acid with 0.1% sodium metabisulphite, 0.1% EDTA and 
0.01% cysteine. Samples were then centrifuged at 10000 × g in 
Eppendorf tubes for 15 minutes at 4˚C. Supernatants were used 
for HPLC analysis using fluorescent detector.

Estimation of monoamines and their metabolites: The 
endogenous levels of Nor Epinephrine (NE), Dopamine (DA), 
Serotonin (5 HT) were determined by reverse phase HPLC 
with fluorescent detection. The separation was carried out on 
the reversed-phase Hypersil BDS-C18 column by a gradient 
elution. Eluent A was 30% of acetonitrile consisting of 30 
mM ammonium formate buffer (pH 3.7); B was 100% of 
acetonitrile. The gradient elution program was as follows: 0 
minute = 15% B, 5 minute = 15% B, 15 minute = 25% B, 25 
minute = 100% B and 30 minute = 100% B. Before injecting 
the next sample, the column was equilibrated with the initial 
mobile phase for 10 min. The flow rate was constant at 1.0 
mL/min and the column temperature was set at 30˚C. The 
fluorescence excitation and emission wavelengths were set 
at λ maximum 333 nm and λ maximum 390 nm, respectively. 
The derivatives were quantified by fluorescence detector and 
identified simultaneously through HPLC retention time of 
standards and online ESI/MS structure identification.

histological studies: After sacrifice, the tissues were processed 
for paraffin embedding and were stained for standard H&E. Darkly 
stained, shrunken cells and cells with fragmented nuclei were 
excluded from counting. Round, medium or large and clear cells 
with distinct nucleus were counted. Only adequately impregnated 
CA-3 pyramidal neurons emerging from the mouth of the dentate 
gyrus were selected for study.
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Brdu immunohistochemistry: The fixed brain was processed 
immediately for immunohistochemistry for detection of Bromode-
oxyuridine (BrdU) which is a thiamine analogue for localising rapidly 
dividing cells. For analysis of BrdU-positive cells, rats were 
administered BrdU intraperitoneally (75 mg/kg* four times in a gap 
of two hours between each) three days after the last treatment with 
fluoxetine. After sacrifice tissue blocks were prepared for paraffin 
embedding and sections were made of 15 microns. The standard 
staining procedure for immunohistochemistry for BrdU labelling for 
paraffin sections were followed and the peroxidase reaction was 
visualized by using 3,3'-diaminobenzidine tetrahydrochloride (DAB) 
as chromogen. Sections were counterstained with haematoxylin. 

Cell counting: BrdU positive cells were counted in Subgranular 
Zone (SGZ) regions. Every 6th section was taken for quantitative 
assessment to ensure no BrdU positive cells are counted twice [13]. 
An average of seven sections in each tissue block were counted 
manually and the average was taken. The total number of BrdU 
positive cells per section was multiplied by six to include the total 
volume of the dentate gyrus region of the hippocampus [14]. Same 
microscope with same magnification was used. The cell region for 
calculation was selected using random selection technique from the 
serial sections made for each group. The normal pyramidal neurons 
in the CA3 region was counted using ocular micrometry. 

STATISTICAL ANALySIS
All the values are expressed as Mean±SEM (n=6). The data were 
tested for normality using Kolmogorov- Smirnov test with Dallal- 
Wilkinson – Lillie. One-way analysis of variance (ANOVA) followed 
by Tukey’s multiple comparisons test was used for the comparison 
of means. A probability of 0.05 and less was taken as statistically 
significant. The analysis and plotting of graphs were carried out 
using Prism Graph pad software version 6.01 (GraphPad Software, 
Inc USA).

RESULTS

Results for Morris Water Maze Test
The mean and standard error for latency period in Group 1 (Control) 
was 14.8± 1.1, in Group 2 (cold restraint stress) was 53.5±1.8, in 
Group 3 (cold restraint stress with fluoxetine 10 mg/kg) was 20.2±1.4. 
One-way ANOVA test was performed for the latency period between 
the groups which showed that there was a statistically significant 
difference between groups (p<0.001) [Table/Fig-2].

Results for Oxidative Stress Markers
The mean and standard error for CAT, SOD, GSH and GPx levels 
were calculated and tabulated [Table/Fig-3].

The results showed that, the oxidative damage caused in Group 
2 was reversed significantly in Group 3 which was comparable to 
Group 1. One-way ANOVA test was performed for the oxidative 
stress markers between the groups showed that there was a 
statistically significant difference between groups (p<0.05).

Results for Neurotransmitter Levels
The mean and standard error for 5HT, NE and DA levels were 
calculated and tabulated in [Table/Fig-4]. 

The results showed that administration of fluoxetine during 
cold restraint stress significantly improved the levels of all three 
neurotransmitters in brain. The level of serotonin was high when 
compared to the other two neurotransmitters. One-way ANOVA test 
was performed for neurotransmitter levels between the groups and 
showed that there was a statistically significant difference between 
groups (p<0.05).

Corticosterone Hormone Estimation
Serum corticosterone hormone levels [Table/Fig-5] were estimated 
in ng/ml and the values are expressed in terms of mean and 
standard deviation. In Group 1 (control) is 397.6±3.54, in Group 
2 (cold restraint stress) was 471.8±12.2, in Group 3 (cold restraint 
stress with fluoxetine 10 mg/kg) was 381.3±11.5. One-way ANOVA 
test was performed for corticosterone hormone levels between the 
groups and showed that there was a highly statistically significant 
difference between groups (p<0.001).

Cell Counting in H&E Staining
The total number of pyramidal cells in the CA3 region was expressed 
in mean and standard error [Table/Fig-6]. In Group 1 (Control) was 
315.5±9.6, in Group 2 (cold restraint stress) was 238.3±7.5, in Group 
3 (cold restraint stress with fluoxetine 10 mg/kg) was 292.1±11.3. 
One-way ANOVA test was performed for cell counts between the 
groups and showed that there was a highly statistically significant 
difference between groups (p<0.001) [Table/Fig-7-9].

[Table/Fig-3]: The levels of antioxidants in brain.*p<0.05 in One-way ANOVA with 
post hoc tukey’s test.

Group 
CAt (µmol/min/

mg protein)
SoD (u/mg)

GSh (µmol/min/
mg of protein)

Gpx (µmol/min/
mg of protein)

1 25.55 ± 1.03 23.7±0.46 21.80±1.19 11.4±0.65

2 9.89 ±0.5 17.03±2.04 2.77±0.14 7.9±0.73

3 23.3 ±1.4* 23.5±0.57* 16.11±0.34* 10.4±0.77*

[Table/Fig-4]: The levels of neurotransmitters in brain. *p<0.05 in One-way ANOVA 
with post hoc turkey’s test.

Group Serotonin (ng/ml)
nor-Epinephrine

(ng/ml)
Dopamine

(ng/ml)

1 852.1±13.8 464.03±19.09 675.5±29.5

2 705.5±43.1 367.09±25.21 564.1±30.03

3 866.8±51.1* 442.561±15.65* 700.5±14.8*

[Table/Fig-5]: Bar diagram showing the mean and SEM of level of serum 
corticosterone hormone in rats (n=6).

[Table/Fig-2]: Bar diagram showing the mean and SEM of latency period of rats 
(n=6).
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BrdU Positive Cell Counting
The total number of BrdU positive cells in the SGZ were counted 
and expressed in terms of means and standard error [Table/Fig-
10]. In group 1 (control) was 120.2±3.5, in Group 2 (cold restraint 
stress) was 78.4±9.3, in Group 3 (cold restraint stress with fluoxetine 
10 mg/kg) was 143.1±8.1. One-way ANOVA test was performed 
for BrdU positive cell counts between the groups and showed that 
there was a highly statistically significant difference between groups 
(p<0.001) [Table/Fig-11-13].

DISCUSSION
Stressful events can affect digestion, immune responses, endocrine 
function, brain function, behaviour, and cognition [13-15]. Animal 
and human studies have revealed that stress and its related 
pathology are related to both structural and functional changes 
in the brain, mainly in the hippocampal circuitry. In this study, the 
stress paradigm consists of cold stress, immobilisation stress and 
change in environment where the animals were moved from one 
experimental room to the other room. 

Our studies showed that, all the antioxidant levels were statistically 
significant in Group 3 when compared to Group 2. Thus, fluoxetine 
improved the levels of antioxidants significantly post stress. Study 

by Novio S et al., showed that, there was an increase in the Reactive 
Oxygen Species (ROS) in the stressed group and treatment with 
fluoxetine reversed the effect through the improvement in the level 
of antioxidants like SOD, CAT and GSH [16]. The SOD and GSH 
has inhibitory effects on cellular apoptosis which are initiated by 
oxidative damage [17,18]. At a molecular level, studies by Thome J 
et al., showed that, antidepressant drugs like fluoxetine upregulate 
cAMP Response Element Binding (CREB) Protein by genomic action 
leading to enhanced gene expression of these antioxidants [19].

Our studies showed that fluoxetine reverses the behavioural deficits 
which were noted after the animals were treated with a combination 
of stress and fluoxetine 10 mg/kg given for a period of five weeks 
with one week of pre-treatment. The time taken for the rat to reach 
the platform was significantly lower when compared to Group 
2. Similar reports were also reported in studies by Yau JL et al., 
where antidepressant treatment reversed the behavioural deficits in 
stressed animals [20]. 

Fluoxetine is a selective serotonin reuptake inhibitor drug which is 
used to treat major depressive disorders like impaired recall and 
memory deficits [21]. The probable mechanism for this reversal 
of the behavioural deficit may be due to the regulation of the 
corticosterone levels and upregulation of brain derived neurotrophic 
factor and CREB [22]. However, a similar study by Gumuslu E [23] 
showed that fluoxetine had only a partial improving effect in water 
maze test.  There was impaired spatial learning in animals treated 
with selective serotonin reuptake inhibitor [24]. This may due to test 
dependency or may be due to high dosage which may be evident 
from human trials [23,25].

In the present study, neurotransmitters such as 5HT, DA, NE was 
decreased significantly in Group 2 when compared to Group 1. Cold 
restraint stress decreased the monoaminergic neurotransmitters 
in the hippocampus of the rats. Chronic stress leads to alteration 
in the monoaminergic neurotransmitter in the brain. In ventral 
hippocampus, there was decrease in 5HT which also affects the 
neurogenesis in that part of the brain [26]. The data available on 
the level of dopamine after stress is less. There was increase in the 
dihydroxyphenylacetic acid levels (metabolite of DA) in the prefrontal 
cortex, corpus striatum and brain stem after foot shocks for 10 days 
[27,28]. However, in our study, there was decrease in the DA level 
after cold restraint stress.

In our study there was increase in the level of DA, 5HT, NE in 
the brain of Group 3. Thus it can be clearly seen that, the level 

[Table/Fig-9]: Group 3- Black arrow shows normal neuron with Pin-point nucleus, 
Green arrow shows neuron with distorted morphology (100X) stained with H&E in 
CA3 region. Note: the decrease in the number of distorted neurons [Table/Fig-10]: 
Bar diagram showing the mean and SEM of total number BrdU positive cells in SGZ 
(SubGranular Zone) region (n=6).

[Table/Fig-11]: A 40x BrdU labelled image in SGZ of hippocampus in Group 1 
(Control group), Black Arrow shows BrdU labelled cell. [Table/Fig-12]: A 40x BrdU 
labelled image in SGZ of hippocampus in Group 2 (cold restraint stress), Black 
arrow shows a Neuron labelled with BrdU, Note the decrease in the number of BrdU 
labelled cell.

[Table/Fig-13]: A 40x BrdU labelled image in SGZ of hippocampus in Group 3 (Cold 
restraint stress + Fluoxetine 10mg/kg) Black arrow shows a Neuron labelled with 
BrdU, Note the increase in the number of BrdU labelled cell, Orange arrow shows 
cluster of BrdU labelled cell.

[Table/Fig-7]: Group 1- Black arrow shows normal neuron with Pin-point nucleus, 
(100X) stained with H&E in CA3 region. [Table/Fig-8]: Group 2 – Black arrow shows 
normal neuron with Pin-point nucleus, Green arrow shows neuron with distorted 
morphology (100X) stained with H&E in CA3 region. Note: the increase in the number 
of distorted neurons.

[Table/Fig-6]: Bar diagram showing the mean and SEM of total number of cells in 
CA3 region (n=6).
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of monoaminergic neurotransmitter has been restored in Group 
3 when compared to Group 2. This shows that the restoration of 
the levels of the above said neurotransmitters may be involved in 
the antidepressant effect of fluoxetine. Fluoxetine was found to 
increase the 5HT levels in the striatum with no changes in the levels 
of DA [29]. Another study has shown that, apart from increasing 
the extracellular levels of 5HT in the prefrontal cortex, fluoxetine 
was also found to increase the levels of DA and NE [30] which is 
similar to our study where there was an increase in serotonin, NE 
and dopamine. 

Our study shows that the level of serum corticosterone hormone 
was elevated significantly in Group 2 when compared to the control 
group (p<0.001). Exposure of animals to chronic cold restraint 
stress has been suggested to upregulate the stress hormones by 
hyper activation of Hypothalamic-Pituitary-Adrenal (HPA) axis which 
can alter antioxidant and monoaminergic systems [31]. Studies by 
Liang S et al., showed that chronic restraint stress model increased 
the levels of cortisol in blood [32]. The hippocampus serves as both 
a target and a regulator of the brain’s response to stress.

In the present study, there was a decrease in the serum corticosterone 
level in Group 3 treated with 10 mg /kg of fluoxetine after cold 
restraint stress. When compared to the stressed group, there was 
significant decrease in the levels of corticosterone. This shows that 
treatment with fluoxetine can have an antistressor effect partly due 
to the reduction on the circulating levels of corticosterone. Studies 
have shown that fluoxetine decrease the level of corticosterone in 
groups that were injected with a dose of 40 mg/kg. Since elevated 
corticosterone is considered as a depression model, administration 
of 20 mg/kg of fluoxetine in that study reduced the hormone level 
significantly (p<0.001) [33].

Studies in humans have also supported similar results where, 
patients who were treated successfully with fluoxetine for depression 
had lower levels of cortisol when compared to those patients where 
the treatment with fluoxetine was not effective. Thus, it is clear that 
the beneficial therapeutic wellness after treatment is also due to 
decrease in the level of stress hormone [34]. At a molecular level, 
studies have shown that fluoxetine increases the mineralocorticoid 
receptor [35,36] and also glucocorticoid receptor [37] which is 
associated with enhanced negative feedback regulation, and thus 
with decreased resting and stimulated HPA axis activity [38] leading 
to decrease in the level of corticosterone hormone. 

From the results, it was observed that there is an increase in the 
number of BrdU positive cells in Group 3 when compared to group 
2. The number of BrdU positive cells compared to the control group 
was less but there was significant recovery of cells in Group 3 when 
treated with fluoxetine after cold restraint stress. It was found in the 
study that a dose of 10 mg/kg produced increase in brain derived 
neurotrophic factor and hippocampal neurogenesis but not in lower 
doses. Long term treatment with fluoxetine more than six weeks 
has been known to produce a reversal effect on neurogenesis in the 
Subventricular Zone (SVZ) but no such reversal phenomenon was 
noted in the dentate gyrus region [39]. However, the decrease of 
neurons in the SVZ may have a role in the side effects of fluoxetine. 

In our study, the rats were treated with fluoxetine for a period of 
five weeks. This five week period produced remarkable recovery 
of BrdU positive cells in the SGZ region hippocampus. Fluoxetine 
also increased neurogenesis in hippocampal dentate gyrus post 
global transient ischemia [40]. It also improved neurogenesis post 
traumatic brain injury at a dosage of 10 mg/kg after a period of four 
weeks [41].

In the present study, there was also an increase in number 
of pyramidal cells in the slides stained in H&E in Group 3 when 
compared to the negative control group (Group 2). This shows 
the neuroprotective action of the fluoxetine where it safeguards 
the CA3 cells. The morphology of the pyramidal cells in Group 3 

was comparable with those in Control group (Group 1). Very recent 
study showed that accumulation of excitotoxic Ca2+ and Zn2+ leads 
to CA3 neuron injury and in case of sublethal injury CA3 neurons 
recovers better [42].

Studies have also shown selective vulnerability of neurons in CA3 
and CA1 region when compared to other areas of hippocampus 
caused mainly by increased intracellular accumulation of calcium 
inside those vulnerable neurons [43]. CA3 neurons are more 
damaged when compared to CA1 neurons despite its deep position 
inside hippocampus [44]. This clearly shows that the CA3 region 
along with CA1 region is more vulnerable to hippocampal injury. Our 
study had a similar finding in case of chronic restraint stress model 
treated with 10 mg/kg of fluoxetine. 

cAMP, brain derived neurotrophic factor have been found to be 
upregulated in antidepressant treatment [45-48]. Another probable 
mechanism has been reported with increase in the activity of 5HT1A 
receptor function [49,50]. The increase in the number of proliferating 
neurons in the hippocampus may be also one of the therapeutic 
mechanisms for the action of fluoxetine. Thus, the improvement in 
the behaviour effects noted in our studies can be attributed to the 
increase in neurogenesis as one of the key factors. 

LIMITATION
The present study was done with a single dose of 10 mg/kg. In 
future, a higher dosage could be used as an additional group to 
compare if there is a significant dose related therapeutic benefits in 
the animal model and compare it efficacy with an herbal drug. 

CONCLUSION
Treatment with fluoxetine in cold restraint stress model significantly 
reversed the behavioural deficits in our animal model studies. 
This probably would have been due to its role in decreasing the 
corticosterone and improving the levels of antioxidants and 
neurotransmitters in the brain which may have caused an increase 
in the number of BrdU positive cells in the SGZ region of the 
hippocampus and also protecting the already existing pyramidal 
cells in CA3 region. Studies conducted previously have shown 
almost 75% of the total number of BrdU positive cells differentiates 
into mature neurons and the remainder differentiates into astrocytes 
and non specific cells which show that neurogenesis may contribute 
for the antistressor effects in our study. All these vital factors may be 
responsible for its therapeutic benefits. 

ACKNOWLEDgEMENTS
We would like to thank BMD labs, Chennai for their help in Laboratory 
procedures of this study.

REFERENCES
 [1] Schneiderman N, Ironson G, Siegel SD. Stress and health: psychological, 

behavioral, and biological determinants. Annu Rev Clin Psychol. 2005;1:607–
28.

 Dobson H, Smith RF. What is stress, and how does it affect reproduction? Animal [2]
Reproduction Science. 2000;60–61:743–52.

 Gregus A, Wintink AJ, Davis AC, Kalynchuk LE. Effect of repeated corticosterone [3]
injections and restraint stress on anxiety and depression-like behavior in male 
rats. Behavioural Brain Research. 2005;156:105–14.

 Colby JP Jr, Linsky AS, Straus MA. Social stress and state-to-state differences in [4]
smoking and smoking related mortality in the United States. Social Sciences and 
Medicine. 1994;38:373-81. 

 Wong M-l, Licinio J. Research and treatment approaches to depression. Nature [5]
Reviews Neuroscience. 2001;2:343-51.

 Diamond DM, Rose GM. Stress impairs LTP and hippocampal-dependent [6]
memory. Ann NY Acad Sci. 1994;30:411–14.

 Wilde MI, Benfield P. Fluoxetine. A pharmacoeconomic review of its use in [7]
depression. Pharmacoeconomics. 1998;13:543-61.

 Nunez J. Morris water maze experiment. Journal of Visualized Experiments. [8]
2008;19:897.

 Kakkar P, Das B, Viswanathan PN. A modified spectrophotometric assay of [9]
superoxide dismutase. Ind J Biochem Biophys. 1984;21:130-32.

 Sinha AK. Colorimetric assay of catalase. Analytical Biochemistry. 1972;2:389-[10]
94. 



Saikarthik Jayakumar et al., Effect of Fluoxetine on the hippocampus of Wistar albino rats in cold restraint stress model www.jcdr.net

Journal of Clinical and Diagnostic Research. 2017 Jun, Vol-11(6): AF01-AF0666

 Oliveira AC, Valentim IB, Silva CA, Bechara EJH, Barros MPd, Mano CM. Total [11]
phenolic content and free radical scavenging activities of methanolic extract 
powders of tropical fruit residues. Food Chemistry. 2009;115:469–75.

 Hafeman DG, Sunde RA, Hoekstra WG. Effect of dietary selenium on [12]
erythrocyte and liver glutathione peroxidase in the rat. The Journal of Nutrition. 
1974;104(5):580-87.

 Kessler RC. The effects of stressful life events on depression.  Annu Rev Psychol. [13]
1997;48:191–214.

 Hammen C. Stress and depression. Annu Rev Clin Psychol. 2005;1:293–319. [14]
 Moloney RD, Desbonnet L, Clarke G, Dinan TG, Cryan JF. The microbiome: [15]

stress, health and disease. Mamm Genome. 2014;25:49–74. 
 Novio S, Nunez MJ, Amigo G, Freire-Garabal M. Effects of fluoxetine on the [16]

oxidative status of peripheral blood leucocytes of restraint-stressed mice. Basic 
& Clinical Pharmacology & Toxicology. 2011;109:365–71.

 Sato N, Iwata S, Nakamura K, Hori T, Mori K, Yodoi J. Thiol-mediated redox [17]
regulation of apoptosis. Possible roles of cellular thiols other than glutathione in 
T cell apoptosis. J Immunology. 1995;154:3194–203.

 Greenlund LJS, Deckwerth TL, Johnson EM. Superoxide dismutase delays [18]
neuronal apoptosis: a role for reactive oxygen species in programmed cell death. 
Neuron. 1995;14:303–16.

 Thome J, Sakai N, Shin K, Steffen C, Zhang YJ, Impey S, et al. cAMP response [19]
element-mediated gene transcription is upregulated by chronic antidepressant 
treatment. J Neurosci. 2000;20:4030–36.

 Yau JL, Noble J, Hibberd C, Rowe WB, Meaney MJ, Morris RG, et al. Chronic [20]
treatment with the antidepressant amitriptyline prevents impairments in water 
maze learning in aging rats. The Journal of Neuroscience. 2002;22(4):1436–42.

 Keegan D, Bowen RC, Blackshaw S, Saleh S, Dayal N, Remillard F, et al. A [21]
comparison of fluoxetine and amitriptyline in the treatment of major depression. 
Int Clin Psychopharmacol. 1991;6:117–24.

 Duman RS, Malberg J, Nakagawa S. Neuronal plasticity and survival in mood [22]
disorders. Biol Psychiatry. 2000;48:732–39.

 Gumuslu E, Mutlu O, Sunnetci D, Ulak G, Celikyurt IK, Cine N, et al. The effects of [23]
tianeptine, olanzapine and fluoxetine on the cognitive behaviours of unpredictable 
chronic mild stress-exposed mice. Drug Res. 2013;63:532–39.

 Majlessi N, Naghdi N. Impaired spatial learning in the Morris water maze induced [24]
by serotonin reuptake inhibitors in rats. Behavioural Pharmacology. 2002;13:237–
42.

 Mansand PS, Gupta S. Selective serotonin uptake inhibitors: A review. Harvard [25]
Rev Psychiatry. 1999;7:69-84.

 Mahara I, Bambicoc FR, Mechawar N, Nobregac JN. Stress, serotonin, and [26]
hippocampal neurogenesis in relation to depression and antidepressant effects. 
Neuroscience and Biobehavioral Reviews. 2013;38:173-92. 

 Dunn AJ. Changes in plasma and brain tryptophan and brain serotonin and [27]
5-hydroxyindoleacetic acid after foot shock stress. Life Sci. 1988;42:1847–53.

 MacLennan AJ, Pelleymounter MA, Atmadja S, Jakubovic A, Maier SF, Fibiger [28]
HC. D2 dopamine receptors in the rat prefrontal cortex: Characterization and 
alteration by stress. Brain Res. 1989;477:300–07.

 Perry KW, Fuller RW. Effect of fluoxetine on serotonin and dopamine concentration [29]
in microdialysis fluid from rat striatum. Life Sciences. 1992;50:1683-90.

 Bymaster FP, Zhang W, Carter PA, Shaw J, Chernet E, Phebus L, et al. Fluoxetine, [30]
but not other selective serotonin uptake inhibitors, increases norepinephrine 
and dopamine extracellular levels in prefrontal cortex. Psychopharmacology. 
2002;160:353–61.

 Chandrasekhar Y, Ramya EM, Navya K, Phani Kumar G, Anilakumar KR. [31]
Antidepressant like effects of hydrolysable tannins of Terminalia catappa leaf 
extract via modulation of hippocampal plasticity and regulation of monoamine 
neurotransmitters subjected to chronic mild stress (CMS). Biomedicine & 
Pharmacotherapy. 2017;86:414–25.

 Liang S, Wang T, Hu X, Luo J, Li W, Wu X, et al. Administration of Lactobacillus [32]
helveticus improves behavioural, cognitive, and biochemical aberrations caused 
by chronic restraint stress. Neuroscience. 2015;310:561-77.

 Li Y-C, Liu Y-M, Shen J-D, Chen J-J, Pei Y-Y, Fang X-Y. Resveratrol ameliorates [33]
the depressive-like behaviours and metabolic abnormalities induced by chronic 
corticosterone injection. Molecules. 2016;21:1341-53.

 Piwowarska J, Chimiak A, Matsumoto H, Dzikli[34] -ska A, Radziwo-Zaleska M, 
Szelenberger W, et al. Serum cortisol concentration in patients with major 
depression after treatment with fluoxetine. Psychiatry Research. 2012;407–11.

 Hery M, Semont A, Fache MP, Faudon M, Hery F. The effects of serotonin on [35]
glucocorticoid receptor binding in rat raphe nuclei and hippocampal cells in 
culture. J. Neurochem. 2000;74:406–13.

 Bjartmar L, Johansson IM, Marcusson J, Ross SB, Seckl JR, Olsson T. Selective [36]
effects on NGFI-A, MR, GR and NGFI-B hippocampal mRNA expression 
after chronic treatment with different subclasses of antidepressants in the rat. 
Psychopharmacology. 2000;151:7–12.

 Yau JL, Noble J, Hibberd C, Rowe WB, Meaney MJ, Morris RG, et al. Chronic [37]
treatment with the antidepressant amitriptyline prevents impairments in water 
maze learning in aging rats. J Neurosci. 2002;22:1436–42.

 Pariante CM, Thomas SA, Lovestone S, Makoff A, Kerwin RW. Do antidepressants [38]
regulate how cortisol affects the brain? Psychoneuroendocrinology. 2004;29:423–
47.

 Ohira K, Miyakawa T. Chronic treatment with fluoxetine for more than 6 weeks’ [39]
decreases neurogenesis in the subventricular zone of adult mice. Molecular 
Brain. 2011;4: 10.

 Khodanovich MY, Kisel' AA, Chernysheva GA, Smol'yakova VI, Savchenko RR, [40]
Plotnikov MB. Effect of fluoxetine on neurogenesis in hippocampal dentate gyrus 
after global transient cerebral ischemia in rats. Bulletin of Experimental Biology 
and Medicine. 2016;161(3):351–54.

 Wang Y, Neumann M, Hansen K, Hong SM, Kim S, Noble-Haeusslein LJ, et [41]
al. Fluoxetine increases hippocampal neurogenesis and induces epigenetic 
factors but does not improve functional recovery after traumatic brain injury. J 
Neurotrauma. 2011;28(2):259-68. 

 Medvedeva YV, Ji S, Yin HZ, Weiss JH. Differential vulnerability of CA1 vs CA3 [42]
pyramidal neurons after ischemia: possible relationship to sources of Zn2+ 
accumulation and its entry into and prolonged effects on mitochondria. The 
Journal of Neuroscience. 2016;3270-16.

 Mattson MP, Guthrie PB, Kater SB. Intrinsic factors in the selective vulnerability [43]
of hippocampal pyramidal neuron. Prog Clin Biol Res. 1989;317:333-51.

 Mao H, Elkin BS, Genthikatti VV, Morrison B, Yang KH. Why is CA3 more [44]
vulnerable than CA1 in experimental models of controlled cortical impact-
induced brain injury? Journal of Neurotrauma. 2013;30(17):1521–30.

 Chambers A, Maqbool A, Wigmore P. The neuroprotective effects of fluoxetine [45]
on rat hippocampus, after chronic and acute 5-fluorouracil treatment. The FASEB 
Journal. 2014;28(1):Supplement 1143.6.

 [46] Nibuya M, Morinobu S, Duman RS. Regulation of BDNF and trkB mRNA in rat 
brain by chronic electroconvulsive seizure and antidepressant drug treatments. J 
Neurosci. 1995;15:7539–47.

 Nibuya M, Nestler EJ, Duman RS. Chronic antidepressant administration [47]
increases the expression of cAMP response element binding protein (CREB) in rat 
hippocampus. J Neurosci. 1996;16:2365–72.

 Thome J, Sakai N, Shin K-H, Steffen C, Zhang Y-J, Impey S, et al. cAMP response [48]
element-mediated gene transcription is upregulated by chronic antidepressant 
treatment. J Neurosci. 2000;20:4030–36.

 Duman RS. Novel therapeutic approaches beyond the serotonin receptor. Biol [49]
Psychiatry. 1998;44:324–35.

 Haddjeri N, Blier P, deMontigny C. Long-term antidepressant treatments result in a [50]
tonic activation of forebrain 5-HT1A receptors. J Neurosci. 1998;18:10150–156.

pArtiCulArS oF ContriButorS:
1. Research Scholar, Department of Anatomy, Saveetha University, Chennai, Tamil Nadu, India.
2. Professor and Head, Department of Anatomy, Saveetha Medical College, Chennai, Tamil Nadu, India.
3. Research Scholar, Department of Physiology, Bharath University, Chennai, Tamil Nadu, India.
4. Professor, Department of Anatomy, Saveetha Medical College, Chennai, Tamil Nadu, India.
5. Director of Research, Department of Anatomy, Saveetha University, Chennai, Tamil Nadu, India.

nAmE, ADDrESS, E-mAil iD oF thE CorrESponDinG Author:
Dr. Saikarthik Jayakumar,
No.5c, Tower 3, Vijayashanthi Infiniti Apartments, Chetipedu, Chennai-602105, Tamil Nadu, India.
E-mail: sai41rad@gmail.com

FinAnCiAl or othEr CompEtinG intErEStS: None.

Date of Submission: Jan 24, 2017
Date of Peer Review: Feb 04, 2017
Date of Acceptance: mar 06, 2017

Date of Publishing: Jun 01, 2017


