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Abstract: Oxidative stress is a critical route of damage in various psychological stress-induced disorders, such as 
depression. Antidepressants are widely prescribed to treat these conditions; however, few animal studies have 

investigated the effect of these drugs on endogenous antioxidant status in the brain. The present study employed 
a 3 weeks chronic regimen of random exposure to chronic mild stress (CMS)  to induce oxidative stress in brain, 

and behavioural aberrations (anhedonia), in rats. The sucrose preference test was used to identify depression-like 
phenotypes, and reversal in these indices indicated the effectiveness of treatment with escitalopram 2.5mg/kg 

daily orally following CMS. The level of superoxide dismutase enzyme(SOD) as an antioxidant markers in 
erythrocyte lysates was reduced in CMS control group while it was elevated in CMS group treated with 

escitalopram.Also escitalopram significantly reduce the thiobarbituric acid reactive substance(TBARS) levels in 
selected brain areas homogenates to a level comparable to control group. Catalase activity and GABA levels in 

these brain areas were also increase in escitlopram treated group. In conclusion, escitalopram is suggested to 

have antioxidant effect associated with an increase in GABA level in frontal cortices and nucleus accumbens 
homogenates from rats exposed to CMS. 
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Introduction 

 

Chronic mild stress (CMS), a rodent model of 

depression was developed to mimic 

anhedonia (the reduced responsiveness to 

pleasurable stimuli) and reduced activity level 

according to American Psychiatric Association 

[1] and Willner et al [2]. Behavioral changes 

are induced via a combination of seemingly 

mild annoyances or stressors presented in an 

unpredictable manner. This animal model has 

also been used to study behavioral and 

physiological changes associated with 

depression [3, 4], central nervous system 

mechanisms [5], and treatment of depressive 

disorders [6].  

 

The protective role of nitric oxide [NO] against 

oxidative stress is supported by super oxide 

dismutase (SOD), an enzyme that has an 

important regulatory role against NO 

inactivation by reactive oxygen species [ROS] 

and the prevention of lipid per oxidative 

damage of nerve cells [7]. Exposure to stress 

induces damage   in prefrontal cortex in rats 

probably caused by increase of ROS, extra 

cellular glutamate levels and excessive Ca2+ 

influx, Moreover, stress induces formation of 

ROS [8] which leads to oxidative injury in 

various tissues including blood [9] and brain 

[10]. Escitalopram (ESC) is an antidepressant 

drug. It is the S-enantiomer of citalopram and 

both are SSRIs [11].   

 

The present study, was conducted to evaluate 

the effect of escitalopram (ESC) on the SOD 

enzyme level in erythrocyte lysates ,  GABA 

level, , TBARS level and catalase enzyme 

activity in both frontal cortex and nucleus 

accumbens homogenates as an index of the 

GABAergic and antioxidant effect of ESC 

against stress induced by CMS exposure. 

http://www.ijppp.org/
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Materials and methods 

 

Drugs 

 

Escitalopram (Cipralex; Lund beck, Denmark 

available as powder), Super oxide dismutase 

(RANSOD, by Randox Laboratories). All other 

chemicals were purchased from Sigma 

chemicals Co. (Sigma, St Louis, MO, USA), 

 

Animals 

 

Thirty-six male albino rats, weighing 180-200 

gm, were used in this study, randomly 

allocated into 3 groups, 12 rats each. Rats 

were allowed one week to acclimate to the 

surroundings before beginning of experiments 

and housed in individual plastic cages. 

Standard rat chow 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 was on a 12 h light/dark 

cycle with lights on at 06:00 a.m. and off at 

06:00 p.m during the stress procedure (6 

weeks). All experiments were conducted in 

accordance with the National Institute of 

Health Guide for the Care and Use of 

Laboratory Animals.  

 

Experimental protocol  

 

Rats were weighed; each was placed in an 

individual cage. To introduce the rat to sucrose 

solution and to obtain baseline data on 

sucrose consumption, rats were given bottle of 

2% sucrose. Twenty-four hours later, the 

bottles were removed and the amount of 

sucrose solution in mL consumed by each rat 

was measured. Sucrose solution intake was 

measured again for an hour period every 

Tuesday/week from 6 pm to 7 pm in the dark 

period. On the basis of body weight and 

sucrose solution intake (during the 24 and an 

hour periods), rats were assigned to 

experimental or control groups (n=12 rats 

each). Body weight, in addition to sucrose 

consumption, was used to separate animals in 

an effort to minimize future changes in 

sucrose intake caused by differences in body 

size. Group 2, 3 were exposed to 6 weeks of 

chronic mild stress. Escitalopram was 

administered alone in a dose of 2.5 mg/Kg 

p.o. daily in group 3 starting from the end of 

the 3rd week up to the end of the 6th week of 

CMS. The control animals were left 

undisturbed during the  6 weeks-period, 

except for scheduled daily oral intake of saline 

in the last 3 week simulating the test group of  

treated animals, in addition to cleaning, 

feeding and weighing procedures. An hour 

sucrose test was given to all animals once a 

week.  

 

Chronic stress procedure 

 

The chronic stress procedure [12, 13] was 

applied; the protocol consisted of the following 

stressors: 1: 16-h water deprivation (water 

bottles were removed from cage during this 

time); 2: 5 min.-tail suspension (animals were 

held upside down by their tail with metal 

tongs); 3: 1-to2-h restraint (animals were 

placed in a 50 ml conical tube with breathing 

holes); 4: 30-45 min. paired housing (the rat 

was placed in the cage of another rat of the 

stress group, each week the home cage is 

alternated); 5: Soiled cage (100 ml 16-18°C 

water was poured into the cage); 6: 5-min 

forced swim in cold water (16-18°C). The 

stressors were presented weekly in a different 

order and given at different times of the day.  

 

Sucrose test 

 

Animals were given bottles of 2% sucrose for 

an hour once a week [every Tuesday], this 

occurs at 6 pm to 7 pm (because the pilot 

study revealed that rats consumed more fluid 

during their active dark period), thereby, 

enhancing the chance of seeing a difference in 

sucrose solution consumption. After an hour 

later, the bottles were removed and amount of 

sucrose solution consumption was measured. 

At the end of the 6th week, all rats were 

decapitated and their brains were dissected 

[14). 

 

Determinations of GABA 

 

GABA level in the tissue homogenates of the 

prefrontal cortex and nucleus accumbens was 

determined according to Gunawan et al. [15]. 

The method using The High Performance 

Liquid Chromatography (HPLC) method with 

pre-column phenyl-iso-thio-cyanate (PITC) 

derivatization for the determination of GABA 

levels in the homogenate of the prefrontal 

cortex and nucleus accumbens of the brain of 

rats of different groups. The measurement 
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scale of the data will be in nmol/mg tissue 

protein. 

 

Either the prefrontal cortex or nucleus 

accumbens obtained from each rat was 

homogenized, then, samples are centrifuged 

in a cooling (4°C) centrifuge at 10,000 Xg for 

10 minutes. The supernatant is aspirated and 

transferred to an Eppendorff tube, while the 

pellet was kept at -70°C until assayed for its 

total protein content.  

 

Each sample is derivatized via drying 100 µl of 

the aspirated supernatant in the centrivap, 

under vacuum (A centrivap is a centrifuge 

made by Backman industry  that done 

centrifugation under vaccum during the whole 

period of centrifugation to evaporate any fluid 

and the sample, containing amino acids,  

remains as a powder in the bottom of the 

centrifuge tube.) The residue is dissolved in 20 

µl of ethanol-water-triethylamine (2:2:1) and 

evaporate to dryness under vacuum. A 30 µl of 

ethanol-water-triethylamine phenylisothiocya-

nate [PITC] (7:1:1:1) is added to the residue 

and allowed to react for 20 min. at room 

temperature to form the PITC-derivatives of the 

amino acids. Excess reagent is then 

evaporated under vacuum. The mobile phase 

of HPLC consists of solvents A&B: Solvent A: 

0.1 M sodium acetate buffer (pH = 5.8), 

solvent B: acetonitrile: water (60:40, v: v). A 

mixture of 80% solvent A and 20% solvent B is 

adjusted for the "isocratic" HPLC separations. 

Flow rate is set at 0.6 ml/min. The injected 

sample is 20 µl. The peaks are detected at 

254 nm wave length. Standard curves for 

GABA and norvaline are plotted using 

norvaline 2 nmol/ 20 µl as an internal 

standard. The ratio of the peak area of each 

concentration of each standard to the peak 

area of the internal standard is determined 

and entered against the concentration of the 

standard, in a simple regression procedure. 

 

Determination of SOD enzyme level in 

erythrocyte lysates 

 

At the end of the 6th week, blood samples 

were collected from rats of all groups for 

measurement of SOD levels in erythrocyte 

lysates using commercially available colori-

metric assay kits based on an indirect 

xanthine–xanthine oxidase method [16], and 

results were expressed in IU/ml.  

 

Measurement of frontal cortex thiobarbituric 

acid-reactive substances (TBARS) as a marker 

of lipid per oxidation: 

 

Another parts of  frontal cortices and nucleus 

accumbens homogenates were rinsed with 

cold 0.14 M NaCl and homogenized in 25% ice 

cold 50 mM Tris-HCl buffer, pH 7.4 [17]. 150 

µL of the tissue supernatant of samples were 

diluted to 500 µl with deionized water. 250 µl 

of 1.34% thiobarbituric acid will be added to 

all the tubes followed by addition of equal 

volume of 40% trichloroacetic acid. The 

mixture were shaken and incubated for 30 min 

in a boiling water bath. Tubes were allowed to 

cool to room temperature and the absorbance 

read at 532 nm using zero concentration as 

blank [18]. 

 

Catalase enzyme activity in frontal cortex and 

nucleus accumbens homogenates 

 

Parts of frontal cortices and nucleus accum-

bens homogenates of different groups were 

homogenized in 1% Triton X-100 in the assay 

buffer at about 20,000 x g for 30 sec. on ice. 

The homogenates were centrifuged at 6000 x 

g at 4°C for 20 min. The supernatant was 

diluted with 1.5 volumes of the assay buffer 

(50 mM KH 2PO4/50 mM Na2HPO4, pH 7.0). 

The enzyme activity was determined by the 

method described by Aebi [19]. Briefly, in a 5 

mL cuvette, 2ml of sample was added and the 

reaction was initiated by adding 1 mL 30 mM 

H2O2, and the change in absorbance at 240 

nm was monitored at 25°C for one min. A 

portion of the remaining sample was used for 

protein determination. Specific activity is 

expressed as µmol H2O2 /min/mg of protein.  

 

Protein determination 

 

The protein content of frontal cortex and 

nucleus accumbens homogenates were 

determined by spectrophotometer [Beckman, 

UK] according to the method of Bradford [20]. 

The aim is to relate the GABA and oxidative 

markers concentrations to the total tissue 

protein. 

 

Statistical analysis 

 

The results are presented as means SD of 

mean and evaluated using one-way ANOVA, 

followed by Bonferroni's post hoc determi-

nation, using Graph Pad Prism version 3.00 for 
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Windows 97 (Graph Pad Software, San Diego, 

CA, USA). 
 

Results 
 

The mean±SD in rats exposed to escitalopram 

on CMS-induced anhedonia in mice 
 

Figure 1 demonstrates the reversal of anhe-

donia after daily oral administration of 

escitalopram for 3 weeks. Sucrose consump-

tion in mL of the different groups (control, 

CMS, CMS+escitalopram) was calculated. 

Compared with the control group, the CMS 

group was associated with a decrease in 

sucrose consumption. This decrease was 

significantly (P< 0.05) restored to control level 

in escitalopram treated group.  
 

Effect of escitalopram administration (for 3 

weeks) on the GABA level in the prefrontal 

cortex of rats exposed to CMS protocol 
 

Figure 2A represents the changes in GABA 

concentration in the prefrontal cortex of the 

control, CMS-untreated and CMS- treated rats. 

CMS decreased significantly (p<0.05) the 

GABA concentration in the prefrontal cortex. 

GABA concentration of rats significantly (P< 

0.05) restored to control level by escitalopram 

administration (3 weeks) with continuous 

exposure to CMS protocol. 
 

Effect of escitalopram administration (for 3 

weeks) on the GABA level in the nucleus 

accumbens of rats exposed to CMS protocol 
 

Figure 2B represents the changes in GABA 

concentration in the nucleus accumbens of 

the control, CMS-untreated and CMS- treated 

rats. CMS significantly decreased (p<0.05) the 

GABA concentration in the nucleus accumbens 

that significantly (P< 0.05) restored to control 

level by escitalopram administration. 

  

The mean±SD of escitalopram on SOD levels 

in erythrocyte lysates 

 

Exposure to CMS model showed significant (p 

< 0.05) decrease in SOD in erythrocyte lysates 

(0.18   ± 0.23 IU/mg tissue protein compared 

with 22.65 ± 1.46 IU/mL in control group). 

Escitalopram administration in the last 3 

weeks of exposure to CMS model significantly 

(P< 0.05) restored SOD level compared to 

control level (17.3± 5.20 IU/mL compared 

with 22.65 ± 1.46 IU/mL in control group).  

 

The mean±SD of escitalopram on TBARS and 

catalase enzyme activity in frontal cortices and 

nucleus accumbens homogenates (Table 1). 

 

Prefrontal cortices and nucleus accumbens 

homogenates of escitalopram treated group 

showed significant (P< 0.05) restoration of  

TBARS to control level compared to CMS-

untreated group. Catalase enzyme activity in 

both areas homogenates was significantly (P< 

0.05**) restored to control level in 

escitalopram treated group compared to the 

significant (*P< 0.05) decreased in its activity 

in CMS untreated group. 

 

Discussion 

 

The current study is undertaken to determine 

whether escitalopram administered to rats 

with CMS-induced anhedonia can protect 

against oxidative stress and can produce an 

effect on GABA level in selected brain areas 

compared with anhedonic group of rats 

without treatment. For depression, a solid 

foundation for oxidative stress hypotheses has 

been provided by biochemical, genetic, 

pharmacological, preclinical therapeutic 

studies and one clinical trial [21].  

 

Sucrose intake was reduced in rats exposed to 

6 weeks of CMS. The reduced sucrose intake 

in the CMS group is a specific indication of 

decreased responsiveness to a pleasurable 

stimulus corresponding to Willner et al. [12] 

and Grippo et al. [22]. Also the study showed 

Figure 1. reversal of anhedonia after daily oral 

administration of escitalopram for 3 weeks in 

mice. 
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that anhedonic rats displayed lower GABA level 

in brain homogenates as well as increased 

TBARS level associated with decreased 

catalase enzyme activity in homogenates and 

decreased level of SOD enzyme in erythrocyte 

lysates. These results were reversed with ESC 

treatment to a level comparable to that 

recorded with control rats.  

 

The brain is very vulnerable to oxidative stress 

because of its elevated consumption of oxygen 

and the consequent generation of large 

amounts of ROS. Interestingly, our results 

evidenced a parallel increase in both SOD and 

CAT, the most important antioxidant enzymes, 

in response to ESC to stressed animals. 

Enhancement of their activities may provide 

an effective defense from the damaging 

effects of not only superoxide anion and 

hydrogen peroxide (neutralized by these 

enzymes), but also from the highly reactive 

and damaging hydroxyl radical, generated by 

Haber-Weiss or Fenton reactions of the former 

radicals [23]. Therefore, ESC may possibly act 

to avert extensive damage to different types of 

molecules, including proteins, nucleic acids, 

and lipids, thus playing a critical role in 

maintaining the integrity of the cell. 

 

Enhanced SOD activity, as observed here by 

ESC treatment, is also an important neuronal 

defense mechanism against apoptosis, 

thereby preventing atrophy of brain regions in 

stress-induced depression [24]. Such cellular 

changes as a consequence of lowered 

antioxidant defense during prolonged stress 

contribute to the neuroanatomical 

abnormalities observed in mood disorders, 

including volume loss of certain brain regions 

in chronically depressed patients and other 

stress-related disorders [25]. 

 

Antidepressant therapy or other forms of 

treatment that upregulate SOD may also 

prevent worsening of the affective symptoms 

that are either directly or indirectly related to 

neurodegeneration [26]. Thus, any possible 

symptomatic improvement in this context may 

be related to the enhanced neuroprotection. 

Since antidepressants have been found to 

exert neurotrophic effects leading to increased 

neurogenesis [27] while oxidative stress 

existing in depression and other mood 

disorders may impair these processes [28], it 

may be possible that improvement of the 

antioxidant status by antidepressants could 

partially account for neuroprotective effects as 

well. 

 

Furthermore, a significant reversal of stress-

induced lipid peroxidation by antidepressants 

also reduces the secondary effects of oxidative 

stress which have great potential to adversely 

affect several key processes in the brain. The 

brain has a high content of oxidisable 

polyunsaturated fatty acids and prevention of 

lipid peroxidation by ESC probably serves to 

maintain membrane integrity by protecting 

membrane phospholipids from damage, which 

Figure 2.  (A}. Effect of escitalopram adminis-

tration (3 weeks) of on the GABA level in the 
prefrontal cortex of rats exposed to CMS 

protocol. B. Effect of escitalopram 
administration (3 weeks) on the GABA level in 

the nucleus accumbens [NAc] of rats exposed 

to CMS protocol. 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TBR-4V1TXVT-1&_user=1372795&_coverDate=03%2F17%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5149&_sort=d&_docanchor=&view=c&_acct=C000052469&_version=1&_urlVersion=0&_userid=1372795&md5=0ad7700f27a19660d6aa2473a6411cfa#bib73
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TBR-4V1TXVT-1&_user=1372795&_coverDate=03%2F17%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5149&_sort=d&_docanchor=&view=c&_acct=C000052469&_version=1&_urlVersion=0&_userid=1372795&md5=0ad7700f27a19660d6aa2473a6411cfa#bib22
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TBR-4V1TXVT-1&_user=1372795&_coverDate=03%2F17%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5149&_sort=d&_docanchor=&view=c&_acct=C000052469&_version=1&_urlVersion=0&_userid=1372795&md5=0ad7700f27a19660d6aa2473a6411cfa#bib37
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TBR-4V1TXVT-1&_user=1372795&_coverDate=03%2F17%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5149&_sort=d&_docanchor=&view=c&_acct=C000052469&_version=1&_urlVersion=0&_userid=1372795&md5=0ad7700f27a19660d6aa2473a6411cfa#bib30
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is the result of a complex cascade involving 

impairment of membrane-transport protein 

functions and ion channels that, in turn, 

mediates membrane lipid peroxidation-

induced disruption of neuronal ion 

homeostasis [29].  

 

The destruction of membrane phospholipids 

alters membrane viscosity and is implicated to 

influence several stages in biogenic amine 

function, such as receptor density or function 

of serotonergic/catecholaminergic receptors 

[30].  

 

By reducing lipid peroxidation, antidepressants 

may possibly prevent the inhibitory effects 

which MDA directly exerts on serotonin-binding 

areas of the receptor [31]. Furthermore, 

membrane lipid peroxidation also modifies 

neurotransmitter release and uptake, ion-

channel activity, the function of ATPases and 

glucose transporters, and the coupling of cell-

surface receptors to GTP-binding proteins, to 

impair mitochondrial function and promote a 

cascade of events that culminates in apoptotic 

cell death (29). Prevention of these potentially 

damaging factors during stress-induced lipid 

peroxidation may possibly be a target of 

antidepressant action, relevant to their 

therapeutic benefits. 

 

The amelioration in GABA level by escitalo-

pram administration could be explained on the 

basis of serotonergic neurotransmission that 

enhance GABAergic neurotransmission that 

could potentiate its antidepressant activity 

[32]. 

Conclusion 

 

In conclusion, the present study showed that 

escitalopram induced a reduction in 

susceptibility to oxidative stress and caused 

an increase in GABA level in selected brain 

areas in the presence of anhedonia after a 

prolonged period of exposure to mild 

stressors. This possible protective effect 

against stress with escitalopram may aid in the 

development of beneficial treatments for 

depressed patients. 
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