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Abstract Venlafaxine is an approved antidepressant

that is an inhibitor of both serotonin and norepinephrine

transporters. Medical treatment with oral venlafaxine can

be beneficial to depression due to reducing free radical

production in the brain and medulla of depression-

induced rats because oxidative stress may a play role in

some depression. We investigated the effect of venlafax-

ine administration and experimental depression on lipid

peroxidation and antioxidant levels in cortex brain,

medulla and erythrocytes of rats. Thirty male wistar rats

were used and were randomly divided into three groups.

Venlafaxine (20 mg/kg) was orally supplemented to

depression-induced rats constituting the first group for

four week. Second group was depression-induced group

although third group was used as control. Depressions in

the first and second groups were induced on day zero of

the study by chronic mild stress. Brain, medulla and

erythrocytes samples were taken from all animals on day

28. Depression resulted in significant decrease in the

glutathione peroxidase (GSH-Px) activity and vitamin C

concentrations of cortex brain, glutathione (GSH) value

of medulla although their levels were increased by

venlafaxine administration to the animals of depression

group. The lipid peroxidation levels in the three tissues

and nitric oxide value in cortex brain elevated although

their levels were decreased by venlafaxine administra-

tion. There were no significant changes in cortex brain

vitamin A, erythrocytes vitamin C, GSH-Px and GSH,

medulla vitamin A, GSH and GSH-Px values. In conclu-

sion, cortex brain within the three tissues was most

affected by oxidative stress although there was the

beneficial effect of venlafaxine in the brain of depres-

sion-induced rats on investigated antioxidant defenses in

the rat model. The treatment of depression by venlafax-

ine may also play a role in preventing oxidative stress.
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Abbreviations

GSH-Px glutathione peroxidase

GSH glutathione

Hb hemoglobin

LP lipid peroxidation

MAO monoaminooxidase

MDA malondialdehyde

NO nitric oxide

PUFAs polyunsaturated fatty acids

ROS reactive oxygen species

SOD superoxide dismutase

SSRIs Selective-serotonin reuptake inhibitors
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A. Altunbaşak � E. Uz
Department of Medical Biology, Medical Faculty, Suleyman
Demirel University, Isparta, Turkey

_I. Özmen
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Introduction

Reactive oxygen substances (ROS) and lipid peroxides

are produced by a free radical chain reaction, which

can also be initiated by ROS [1]. The ROS, i.e. singlet

oxygen, superoxide anion radical, perhydroxyl radical

and hydroxyl radical, contribute to tissue damage [2].

ROS also cause injury by reacting with biomolecules

such as lipids, proteins and nucleic acids as well as by

depleting enzymatic and/or nonenzymatic antioxidants

in the brain [3, 4]. There is also evidence that ROS play

an important role in the pathogenesis of many diseases,

particularly in neurological and psychiatric diseases

due to the central nervous system vulnerability to

oxidative stress [5, 6]. Glutathione peroxidase (GSH-

Px) detoxifies hydrogen peroxide to water although

vitamin A and beta carotene have inhibitor role on

singlet oxygen radical. Therefore, ROS can be indi-

rectly evaluated by measurement of some antioxidants

such as GSH-Px, reduced glutathione (GSH), vitamins

A, C and beta carotene [1]. The oxidation of catechol-

amines such as dopamine and serotonin by monoami-

nooxidase may result in increased radical burden. The

inhibitory effects of serotonin on depression well

documented [7]. This effect of the serotonin has been

attributed to serotonin-induced decrease in dopamine

central nervous system [6]. Selective-serotonin reup-

take inhibitors (SSRIs) are effective in the treatment of

depression. Probable mechanism of these drugs is the

enhancement of net serotonergic transmission by

blocking the presynaptic 5-hydroxytryptamine (5-HT)

uptake site [8].

Nitric oxide (NO) known as endothelial-derived

relaxing factor is a gas that transmits signals in the

organism and is responsible for the cytotoxicity of

activated macrophages [1, 9]. However, NO has a

complex role in immune functions. Immunologic and

inflammatory stimuli induce the peroxidation of NO

over longer periods, and it exerts cytotoxic and

cytostatic effects not only against invading cells, but

also against health cells [10].

There are numerous studies indicating that ROS

induced neuronal damage has an important role in the

pathophysiology of depression, probably via mem-

brane omega 3 polyunsaturated fatty acids (PUFAs)

pathology [11], decreasing activity of glutathione

reductase, GSH-Px, catalase and superoxide dismutase

(SOD) [5] and vitamin E [12], suggesting oxidative

damage. Although most of the oxygen used in brain

tissue is converted to CO2 and water, small amounts of

oxygen forms ROS. The existences of PUFAs which

are targets of the ROS in the brain make this organ

more sensitive to oxidative damage [1, 3, 4, 13]. There

are various antioxidant mechanisms in the brain that

neutralize the harmful effects of ROS; however, with

depression, the loss of efficiency of antioxidants

mechanisms and the alterations in the proinflammatory

cytokine system result in increases in the free radical

formation due to the activation of phagocytic cells.

Depression is characterized by activation of the

inflammatory response system with increased produc-

tion of procytokines [14, 15]. Proinflammatory cyto-

kines and cytokine-induced ROS may increase lipid

peroxidation (LP) [5, 16]. Psychological stress, which

accompanies severe depression, may increase LP [5].

Venlafaxine is an antidepressant drug claimed to

have superior clinical efficacy to comparable drugs due

to a faster onset of action. It is a dual serotonin and

noradrenaline reuptake inhibitor with a weak effect on

dopamine reuptake. Venlafaxine has higher affinity for

serotonin reuptake than for noradrenaline [17, 18].

However, whether venlafaxine reduces lipid peroxide

in the cortex brain, medulla and erythrocytes in rats is

currently unknown and warranted further study.

If depression increases LP, amounts of enzymatic

and non-enzymatic antioxidants should be oxidized

and their levels in cortex brain, medulla and RBC

should be diminished. Thus, the aim of the study is to

assess selected parameters of oxidative stress in rat

brain in the course of depression-induced chronic stress

as well as the effect of treatment with venlafaxine on

pro- and antioxidative processes in the brain, medulla

and blood of the investigated animals in vivo.

Materials and methods

Animals

Thirty male, Wistar albino rats weighing 200 ± 20 g

were used for the experimental procedures. Rats were

allowed 1 week to acclimate to the surroundings

before beginning any experimentation. Animals were

housed in individual plastic cages with bedding. Stan-

dard rat food and tap water were available ad libitum

for the duration of the experiments unless otherwise

noted. Sucrose (1%) was available ad libitum for

1 week preceding the experimental procedures to

allow for adaptation to its taste. The temperature was

maintained at 22 ± 2�C. A 12/12 h light/dark cycle was

maintained, with lights on at 06.00, unless otherwise

noted. Animals were maintained and used in accor-

dance with the Animal Welfare Act and the Guide for

the Care and Use of Laboratory animals prepared by

the Suleyman Demirel University.
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Experimental design

The animals were randomly divided into three groups:

group I: venlafaxine administrated orally to depression

induced-rats (n = 10); group II: depression induced

rats (n = 10); group III: control animals (n = 10).

Venlafaxine (20 mg/kg body weight, per day) was

dissolved in 2 ml physiologic saline (0.9%, w/v) and it

was orally (via gastric gavage) administrated to first

group animals for 4 weeks although same amount of

physiologic saline as placebo was supplemented to

second and third groups.

Induction of depression

Chronic mild stress

Procedures of inducing chronic mild stress were sum-

marized in Table 1. The using CMS procedure has

been described previously [19, 20] and it was designed

to maximize the unpredictable nature of the stressors.

The CMS group was exposed to the following stressors

in random order: continuous overnight illumination,

40� cage tilt, paired housing, damp bedding (300 ml

water spilled into bedding), exposure to an empty

water bottle immediately following a period of acute

water deprivation, stroboscopic illumination

(300 flashes/min), and white noise (approx. 90 dB).

The stressors were presented in the order shown during

the first week and repeated each of the following weeks

for a total of 4 weeks. Control animals were left

undisturbed in the home cages with the exception of

general handling (i.e., regular cage cleaning and

measuring body weight), which was comparable to

the activities of the CMS group.

Sucrose preference tests

Sucrose preference tests, as employed previously [19,

21] were used to operationally define anhedonia.

Specifically, anhedonia was defined as a reduction in

sucrose intake and sucrose preference relative to the

intake and preference of the control group. A sucrose

preference test consisted of first removing the food and

water from each rat’s cage (both CMS and control

groups) for a period of 20 h. Water and 1% sucrose

were then placed on the cages in preweighed glass

bottles, and animals were allowed to consume the

fluids freely for a period of 1 h. Two baseline prefer-

ence tests were performed, separated by at least

5 days, and the results were averaged. A preference

test was also conducted following the 4-week CMS

period.

Anesthesia and tissue and blood sampling

Animals were rested and fasted for 12 h after the last

venlafaxine supplementation before sacrificing. Rats

were anesthetized with a cocktail of ketamine hydro-

chloride (50 mg/kg) and xylazine (5 mg/kg) adminis-

tered intraperitoneally (i.p.) before sacrifice of each

rats and removal of the cortex brain, medulla and

blood samples. Five milliliter blood samples were

obtained by cardiac puncture into tubes containing

sodium EDTA. The brain areas were also taken as

follows, the cortex was dissected out after the brain was

split in the mid-sagittal plane. Following removal of the

cortex, the medulla was dissected from total brain as

described in our previous study [13].

Cortex brain and medulla tissues were washed twice

with cold saline solution, placed into glass bottles,

labeled and stored in a deep freeze (–30�C) until

processing (maximum 10 h). After weighing, the cortex

and medulla were placed on ice, cut into small pieces,

using scissors, and homogenized (2 min at 5,000 rpm)

in a five volumes (1:5, w/v) of ice-cold Tris–HCl buffer

(50 mM, pH 7.4), by using a glass Teflon homogenizer

(Caliskan Cam Teknik, Ankara, Turkey). All prepara-

tion procedures were performed at 4�C.

Table 1 Procedures of inducing chronic mild stress

Sunday (h) Monday (h) Tuesday Wednesday (h) Thursday (h) Friday (h) Saturday (h)

Taking water bottles 16:00 fi 08:00
Adding empty water bottles 08:00–09:00
Continuous illumination 16:00 fi 08:00 17:00 fi 10:00
40� cage tilt 11:00–17:00
Paired housing fi fi fi 08:00 18:00 fi 14:00 10:00 fi fi fi
Damp bedding (300 cc) 17:00 fi 10:00
White noise (90 dB) 10:00– 13:00
Stroboscopic illumination

(300 flashes/min)
11:00–16:00 h 13:00–15:00
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The blood samples were separated into plasma and

erythrocytes by centrifugation at 1,500 g for 10 min at

+4�C. The erythrocyte samples were washed three

times in cold isotonic saline (0.9%, v/w), then hemo-

lyzed with a nine-fold volume of phosphate buffer

(50 mM, pH 7.4). After addition of butylhydroxytoluol

(4 ll per ml), Half of hemolyzed erythrocytes sample

was stored at –30�C for <3 months pending measure-

ment of enzymatic activity. The remaining hemolyzed

erythrocytes samples were used for immediate LP

levels.

Lipid peroxidation (LP) and nitric oxide (NO)

determinations

LP levels in cortex brain and medulla homogenate and

hemolyzed erythrocytes were measured with the thio-

barbituric-acid reaction by the method of ref. [22] as

described in previous studies [2]. The quantification of

thiobarbituric acid reactive substances was determined

by comparing the absorption to the standard curve of

malondialdehyde equivalents generated by acid cata-

lyzed hydrolysis of 1,1,3,3 tetramethoxypropane. The

values of LP were expressed as lmol/g Hb or lmol/g

protein. In the current study we used the thiobarbitu-

ric-acid reaction method for determination of LP.

Although the method is not specific for LP, measure-

ment of thiobarbituric-acid reaction is an easy and

reliable method, which is used as an indicator of LP

and ROS activity in biological samples.

NO measurement is very difficult in biological

specimens, because it is easily oxidized to nitrite

(NO–) and subsequently to nitrate (NO–3) which serve

as index parameters of NO production. The method for

spinal cord nitrite and nitrate levels was based on the

Griess reaction [23]. Total nitrite (NO–2 + NO–3) was

measured by spectrophotometry (Shimadzu, UV-Phar-

maspec 1700, Japan) at 545 nm after conversion of

NO–2 to NO–3 by copperized cadmium (Cd) granules.

A standard curve was established by a set of serial

dilutions (10–2–10–3 mol/l) of sodium nitrite. Results

were expressed as micromol per gram protein (lmol/g

prot.).

Reduced glutathione (GSH), glutathione

peroxidase (GSH-Px) and protein assay

The GSH content of hemolyzed erythrocyte, cortex

brain and medulla homogenates was measured at

412 nm using the method of ref. [24] as described

own studies [3, 4]. GSH-Px activities of the cortex

brain, medulla and erythrocytes were measured spec-

trophotometrically at 37�C and 412 nm according to

the ref. [25]. The protein content in the brain and

medulla was measured by method of [26] with bovine

serum albumin as the standard. The hemoglobin (Hb)

content in the erythrocyte was measured by method of

ref. [27].

Determination of vitamin A and C concentrations

Vitamins A (retinol) were determined in the brain

homogenates by a modification of the method de-

scribed by ref. [28]. Around 5 mg of cortex brain

samples were saponified by the addition of 0.3 ml 60%

(w/v in water) KOH and 2 ml of 1% (w/v in ethanol)

ascorbic acid, followed by heating at 70�C for 30 min.

After cooling the samples on ice, 1 ml of water and

3 ml of n-hexane were added and mixed with the

samples and then rested for 10 min to allow phase

separation. Five hundred microliter portions of the

hexane extracts were measured spectrophotometrically

at 37�C and 325 nm. Calibration was performed using

standard solutions of all-trans retinol in hexane.

Quantification of ascorbic acid was performed to ref.

[29]. Initially 200 ll of tissue homogenate, erythrocyte

hemolyzate or standard preparations of ascorbic acid

was precipitated with 800 ll of trichloroacetic acid on

ice for 5 min and centrifuged at 3,000 rev/min. There-

after, 500 ml of the supernatant was diluted to 2 ml

with double distilled water, and 200 ml of folin-

ciocalteous. After 10 min the absorbance the samples

were measured 760 nm with the spectrophotometer.

Statistical analyses

All results are expressed as means ± SD. To determine

the effect of treatment, data were analyzed using one-

way ANOVA repeated measures. P-values of less than

0.05 were regarded as significant. Significant values

were assessed with LSD test. Data was analyzed using

the SPSS statistical program (version 9.05 software,

SPSS Inc. Chicago, Illinois, USA).

Results

Sucrose (1%, w/v) test results in the depression plus

venlafaxine, depression and control groups were shown

in Table 2 and consumption of water with sucrose at

3rd and 4th weeks as ml/kg body weight was signif-

icantly (P < 0.05) lower in depression group than in

control and venlafaxine administered group.

The mean LP values in the three groups of cortex

brain, medulla and erythrocytes were shown in Figs. 1

and 2. The mean values in depression plus venlafaxine
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administrated group, depression and control groups

were found 206.20, 272.46 and 221.85 for cortex brain,

423.60, 637.77 and 476.86 for medulla as lmol/g

protein, 1.80, 2.33 and 1.75 for erythrocytes as nmol/g

Hb, respectively. The results showed that the levels of

LP levels of cortex brain, medulla and erythrocytes in

depression group were significantly (P < 0.05) higher

than in the control group. Administration of venlafax-

ine to depression induced rats caused to decrease in LP

levels of three tissues and the levels of LP levels of

cortex brain, medulla (P < 0.05) and erythrocytes

(P < 0.05) in venlafaxine administered group were

significantly lower than in the depression group.

The mean vitamin A concentrations in the three

groups were shown in Fig. 2. The mean values in the

venlafaxine administrated group, depression and con-

trol groups were 6.59, 5.58 and 6.03 nmol/g tissue,

respectively. There were no significant differences in

the vitamin A concentrations among the groups.

The mean NO levels in the three groups of cortex

brain, medulla and erythrocytes were shown in Fig. 3.

The mean values in depression plus venlafaxine

administrated group, depression and control groups

were found 5.73, 7.03 and 5.38 for cortex brain, 14.90,

15.56 and 12.98 for medulla as lmol/ g protein, 29.67,

25.40 and 29.89 for erythrocytes as lmol/g Hb, respec-

tively. The results showed that the levels of NO in

cortex brain in depression group were significantly

(P < 0.01) higher than in the control group. The NO

levels in cortex brain in venlafaxine administered

group were significantly (P < 0.01) lower than in the

depression group. There were no significant differences

in the NO levels in medulla and erythrocytes between

control and depression groups.

The mean GSH-Px activities in the three groups of

cortex brain, medulla and erythrocytes were shown in

Fig. 4. The mean values in depression plus venlafaxine

administrated group, depression and control groups

were found 27.58, 16.81 and 25.66 for cortex brain,

13.41, 14.33 and 14.61 for medulla as IU/g protein,

29.67, 25.40 and 29.89 for erythrocytes as IU/g Hb,

respectively. The results showed that the levels of

GSH-Px in cortex brain in depression group were

significantly (P < 0.05) lower than in the control group.

The GSH-Px activities in cortex brain in venlafaxine

administered group were significantly (P < 0.01) high-

er than in the depression group. There were no

significant differences in the GSH-Px activities of

medulla and erythrocytes between control and depres-

sion groups.

The mean GSH values in the three groups are

shown in Fig. 5. The mean values in the venlafaxine

administrated group, depression and control groups

were 29.92, 24.62 and 29.76 for cortex brain, 27.41,

24.62 and 32.17 for medulla as lmol/ g protein, 3.27,

3.29 and 3.48 for erythrocytes as lmol/ g Hb,

respectively. Although GSH level was decreased in

the depression group of medulla (P < 0.05) according

to control group, a significant increase in GSH levels

in cortex brain was observed in the venlafaxine

administrated group (P < 0.05) compared to control

group.

The mean vitamin C concentrations in the three

groups were shown in Fig. 6. The mean values in the

venlafaxine administrated group, depression and con-

trol groups were 70.42, 50.73 and 62.48 lmol/ g protein

Table 2 Sucrose (1%, w/v) test results in the depression plus
venlafaxine, depression and control groups (n = 10, mean ± SD)

Weeks Depression + venlafaxine
(ml/kg)

Depression
(ml/kg)

Control
(ml/kg)

Basal 30.00 ± 21.02 34.23 ± 13.14 32.31 ± 12.64
1 33.44 ± 14.64 27.56 ± 16.45 26.07 ± 10.79
2 32.20 ± 12.60 30.46 ± 11.63 29.68 ± 13.51
3 23.61 ± 11.09 22.93 ± 11.21* 27.42 ± 12.79
4 25.37 ± 9.95 21.87 ± 12.80* 33.70 ± 11.79

* P < 0.05 vs. basal values
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Fig. 1 The effects of
venlafaxine on lipid
peroxidation levels in cortex
brain and medulla in rats,
(mean ± SD). a P < 0.05 as
compared with group control.
*P < 0.05 as compared with
depression group
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for cortex brain, 12.09, 12.79 and 15.47 nmol/g Hb for

erythrocytes, respectively. The results showed that the

vitamin C concentrations in cortex brain in depression

group were significantly (P < 0.05) lower than in the

control group. The vitamin C concentrations in cortex

brain and erythrocytes in venlafaxine administered

group were significantly (P < 0.01) higher than in the

depression group although there were no significant

differences in the vitamin C level of erythrocytes

between control and depression groups.

Discussion

We observed that NO and LP levels in the brain,

medulla and erythrocytes were increased by depression

although investigated enzymatic and nonenzymtic

antioxidant decreased. As a novel result of the

current study, 28 day venlafaxine supplementation

caused a decrease in LP and NO levels although

values of the antioxidants were increased by the

supplementation.
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Fig. 3 The effects of
venlafaxine on nitric oxide
levels in cortex brain, medulla
(lmol/g protein) and
erythrocytes (lmol/g Hb) in
rats, (mean ± SD). a P < 0.05
as compared with group
control. * P < 0.05 as
compared with group
depression
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Fig. 2 The effects of
venlafaxine on lipid
peroxidation in erythrocytes
(nmol/g Hb) and vitamin A in
cortex brain (nmol/g tissue) in
rats, (mean ± SD). a P < 0.05
as compared with group
control. * P < 0.05 as
compared with group
depression
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Fig. 4 The effects of
venlafaxine on glutathione
peroxidase activities in cortex
brain, medulla (IU/g protein)
and erythrocytes (IU/g Hb) in
rats, (mean ± SD). b P < 0.01
as compared with group
control. *P < 0.01 as
compared with depression
group
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Depression is characterized by activation of the

inflammatory response system with increased produc-

tion of procytokines [14, 15]. MDA is a major oxidative

degradation product of membrane unsaturated fatty

acid and has been shown to be biologically active with

ROS properties (3). In the present study, exposure to

depression enhanced cortex brain, medulla and ery-

throcytes damage and LP in the animal system.

Activation of immune cells by proinflammatory cyto-

kines leads to over production of ROS, which leads to

an increase the levels of LP as MDA and over

production of ROS interfere with sutructure and ratio

of PUFA [1], and causes loss of fluidity the biological

membrane. As a result of those alterations, the

biological membranes induce cytokine production [1].

On the other hand, elevation of LP induces phospho-

lipase A2, which changes receptor functions in the cell

membranes, induces immune cells, and leads to secre-

tion of interleukins from T cells [30] and it may

increase LP [5, 16]. After administrating venlafaxine,

the results demonstrate treatment of rat with venla-

faxine effectively protected the rats against depression-

induced brain damage, shown by increased cortex

brain GSH-Px activities and GSH levels and decreased

LP and XO levels.

One of the most important intracellular antioxidant

systems is the glutathione redox cycle. Glutathione is

one of the essential compounds for maintaining cell

integrity because of its reducing properties and partic-

ipation in the cell metabolism [9]. The exact mecha-

nisms of the depression-induced changes in the brain

GSH concentrations are not completely elucidated.

Thus, glutathione may modulate metal reduction, and

the thiol portion is very reactive with several chemical

compounds, mainly with superoxide radicals agents

such [4, 9]. On the other word, this may be due to the

fact that depression causes a significant decrease in

cysteine and cystine in the brain because cysteine is the

rate-limiting precursor for glutathione synthesis [1, 31].

In this study, the decrease in the GSH concentration in

cortex brain and medulla as a result of depression may

account for the increased LP. We have found that LP

levels in cortex brain and medulla are negatively

correlated with GSH in the depression (data not

shown). These findings are similar to results of other

investigators studying GSH in relation to risk factors in

depression illness subjects [1, 5].

GSH-Px is the main enzyme of the enzymatic

antioxidant defense system responsible for protection

against the increase in ROS production. Hydrogen
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Fig. 6 The effects of
venlafaxine on vitamin C
concentrations in cortex brain
(lmol/g protein) and
erythrocytes (nmol/g Hb) in
rats, (mean ± SD). a P < 0.05
as compared with group
control. *P < 0.01 as
compared with depression
group
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Fig. 5 The effects of
venlafaxine on the GSH
levels in cortex brain, medulla
(lmol/g protein) and
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rats, (mean ± SD). a P<0.05
as compared with group
control. * P < 0.05 as
compared with group
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peroxide formed by the catalytic reaction of SOD is

both a reactive form of oxygen and a normal cellular

metabolite, and it is further detoxified by GSH-Px

and catalase [1, 9]. GSH-Px activities in cortex brain

and erythrocytes were reduced in the depression

groups. The reduced activities of GSH-Px could be

due to its depletion or inhibition as a result of the

increased production of free radicals. Depression

increases catecholamine metabolism as well as

increased activity of phagocytic cells resulting in the

over production of hydrogen peroxide, which detox-

ifies GSH-Px [8, 12]. The decrease in cortex brain

vitamin C and GSH-Px values in animals during

depression has been attributed to the generation of

free radicals and LP [8, 12, 32].

Recent two studies suggested that patients with

major depression were associated with elevated LP

levels [5, 33]. Controlled studies reveal elevated MAO

activity in patients with major depression [7]. On the

other hand, it has been reported that increased ROS

production may cause the destruction of phospholipids

and altered viscosity of neuron membranes, and

consequently the changes in membrane viscosity may

affect serotonergic and catecholaminergic receptor

functions [6, 8]. The catecholamines including dopa-

mine and norepinephrine are associated with the

oxidative stress, thus conditions causing the increased

catecholamine metabolism may increase the radical

burden as observed in depression. [1]. As a result, it is

tempting to speculate that these relationships support a

possible etiopathogenetic association between oxida-

tive stress and depression. Venlafaxine has a protective

affect on the oxidative stress by inhibiting serotonin

reuptake and noradrenaline mechanisms because it is a

dual serotonin and noradrenaline reuptake inhibitor

with a weak effect on dopamine reuptake [17, 18].

In conclusion, oxidative stress may play a role in the

pathogenesis of depression in the rat brain. Our results

suggest that also responses of the brain to oxidative

stress by depression are quite different from those in

medulla and erythrocytes and the beneficial effect of

venlafaxine on glutathione and antioxidant system by

depression, up-regulation of GSH-Px, GSH and vita-

mins A and C levels in the cortex brain.
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4. Nazıroğlu M (2006) Effects of physical exercise with a
dietary vitamins C and E combination on oxidative stress in
muscle, liver and brain of streptozotocin- induced diabetic
pregnant rat. Braunstain MH (ed) Vitamin E: new research.
Nova Science Publishers, Inc. NY, USA, pp 69–83

5. Bilici M, Efe H, Koroglu MA, Uydu HA, Bekaroglu M,
Deger O (2001) Antioxidative enzyme activities and lipid
peroxidation in major depression: alterations by antidepres-
sant treatments. J Affect Disord 64:43–51

6. Takuma K, Baba A, Matsuda T (2004) Astrocyte apoptosis:
implications for neuroprotection. Prog Neurobiol 72:111–127

7. Thase ME (2005) Bipolar depression: issues in diagnosis and
treatment. Harv Rev Psychiatry 13:257–271

8. Maher P, Davis JB (1996) The role of monoamine metabo-
lism in oxidative glutamate toxicity. J Neurosci 16:6394–6401

9. Whanger PD (2001) Selenium and the brain: a review. Nutr
Neurosci 4:81–97

10. Nathan C, Xie OW (1994) Regulation of biosynthesis of
nitric oxide. J Biol Chem 269:13725–13728

11. Hakkarainen R, Partonen T, Haukka J, Virtamo J, Albanes
D, Lonnqvist J (2004) Is low dietary intake of omega-3 fatty
acids associated with depression? Am J Psychiatry 161:567–
569

12. Maes M, De Vos N, Pioli R, Demedts P, Wauters A, Neels H,
Christophe A (2000) Lower serum vitamin E concentrations
in major depression. Another marker of lowered antioxidant
defenses in that illness. J Affect Disord 58:241–246

13. Ozmen I, Naziroglu M, Alici HA, Sahin F, Cengiz M, Eren I
(2007) Spinal morphine administration reduces the fatty acid
contents in spinal cord and brain by ıncreasing oxidative
stress. Neurochem Res 32:19–25

14. Andreasson A, Arborelius L, Erlanson-Albertsson C, Lek-
ander M (2006) A putative role for cytokines in the impaired
appetite in depression. Brain Behav Immun [Epub ahead of
print]

15. Cyranowski JM, Marsland AL, Bromberger JT, Whiteside
TL, Chang Y, Matthews KA (2006) Depressive symptoms
and production of proinflammatory cytokines by peripheral
blood mononuclear cells stimulated in vitro. Brain Behav
Immun. [Epub ahead of print]
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with Behçet’s disease. Clin Biochem 35:633–639

17. Bolden-Watson C, Richelson E (1993) Blockade by newly-
developed antidepressants of biogenic amine uptake into rat
brain synaptosomes. Life Sci 52:1023–1029

18. Muth EA, Haskins JT, Moyer JA, Husbands GE, Nielsen
ST, Sigg EB (1986) Antidepressant biochemical profile of the
novel bicyclic compound Wy-45,030, an ethyl cyclohexanol
derivative. Biochem Pharmacol 35:4493–4497

19. Grippo AJ, Moffitt JA, Johnson AK (2002) Cardiovascular
alterations and autonomic imbalance in an experimental
model of depression. Am J Physiol Regul Integr Comp
Physiol 282:R1333–R1341

20. Grippo AJ, Beltz TG, Johnson AK (2003) Behavioral and
cardiovascular changes in the chronic mild stress model of
depression. Physiol Behav 78:703–710

21. Muscat R, Willner P (1992) Suppression of sucrose drinking
by chronic mildunpredictable stress: a methodological anal-
ysis. Neurosci Biobehav Rev 16:507–517

123

504 Neurochem Res (2007) 32:497–505



22. Placer ZA, Cushman L, Johnson BC (1966) Estimation of
products of lipid peroxidation (malonyl dialdehyde) in
biological fluids. Anal Biochem 16:359–364

23. Cortas NK, Wakid NW (1990) Determination of inorganic
nitrate in serum and urine by a kinetic cadmium-reduction
method. Clin Chem 36:1440–1443

24. Sedlak J, Lindsay RHC (1968) Estimation of total, protein
bound and non-protein sulfhydryl groups in tissue with
Ellmann’ s reagent. Anal Biochem 25:192–205

25. Lawrence RA, Burk RF (1976) Glutathione peroxidase
activity in selenium-deficient rat liver. Biochem Biophys Res
Commun 71:952–958

26. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ (1951)
Protein measurement with the Folin-Phenol reagent. J Biol
Chem 193:265–275

27. Cannan RK (1958) Hemoglobin (as cyanmethemoglobin) in
blood. Clin Chem 4:246–251

28. Suzuki J, Katoh N (1990) A simple and cheap method for
measuring vitamin A in cattle using only a spectrophotom-
eter. Jpn J Vet Sci 52:1282–1284

29. Jagota SK, Dani HM (1982) A new colorimetric technique
for the estimation of vitamin C using Folin phenol reagent.
Anal Biochem 127:178–182

30. Sierra-Honigmann MR, Murphy PA (1992) Suppression of
interleukin-1 action by phospholipase-A2 inhibitors in helper
T lymphocytes. Pept Res 5:258–261

31. Yamada M, Yamada M, Yamazaki S, Takahashi K, Nara K,
Ozawa H, Yamada S, Kiuchi Y, Oguchi K, Kamijima K,
Higuchi T, Momose K (2001) Induction of cysteine string
protein after chronic antidepressant treatment in rat frontal
cortex. Neurosci Lett 301:183–186

32. Maes M, Christophe A, Delanghe J, Altamura C, Neels H,
Meltzer HY (1999) Lowered omega3 polyunsaturated fatty
acids in serum phospholipids and cholesteryl esters of
depressed patients. Psychiatry Res 22:275–291

33. Atmaca M, Tezcan E, Kuloglu M, Ustundag B, Tunckol H
(2004) Antioxidant enzyme and malondialdehyde values in
social phobia before and after citalopram treatment. Eur
Arch Psychiatry Clin Neurosci 254:231–235

123

Neurochem Res (2007) 32:497–505 505


	Venlafaxine Modulates Depression-Induced Oxidative Stress �in Brain and Medulla of Rat
	Abstract
	Introduction
	Materials and methods
	Animals
	Experimental design
	Induction of depression
	Chronic mild stress
	Sucrose preference tests

	Anesthesia and tissue and blood sampling
	Lipid peroxidation (LP) and nitric oxide (NO) determinations
	Reduced glutathione (GSH), glutathione peroxidase (GSH-Px) and protein assay
	Determination of vitamin A and C concentrations
	Statistical analyses

	Results
	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


