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Abstract

Many lines of evidence suggest that oxidative stress important in the pathogenesis of ma-
jor depression (MD). In the particular, catecholamne’s and increased metabolism seems to
be associated with tissue damage involving free rals in the brain. The aim of this study
was to investigate the lipid peroxidation and totahntioxidant capacity in the patients suffer-
ing from the MD as compared to the healthy controlsSpecifically we wanted to estimate the
effective influence of antioxidant supplementatioron the oxidative stress parameters includ-
ing antioxidant defense system in MD patients. Thiy MD patients and thirty healthy con-
trols were participated in the study. Lipid peroxidation was assessed by measuring concen-
tration Malondialdehyde (MDA) and NO metabolites in plasma. Antioxidant activity was
measured by determination of erythrocyte-superoxidedismutase (SOD) as a powerful en-
zymatic antioxidant and the non — enzymatic antioxiants like vitamin E, C and uric acid
along with total antioxidant capacity in plasma. Al measurements were taken in newly di-
agnosed patients and then during depression remissi after 12 weeks treatment along with
antioxidant supplementation. The concentration of MDA and NO metabolites were signifi-
cantly higher in patients before treatment (newly dagnosed). Levels of antioxidants such as
SOD, vitamin E, C and uric acid were significantlydecreased in patients along with de-
crease in plasma TAC as compared to controls. Aftet2 weeks antidepressant treatment ad-
junctive to antioxidant vitamin E and C supplementdion showed reverse changes in above
parameters significantly. MD is accompanied by imbkance in pro- and anti-oxidative proc-
esses and finally, combined therapy with antioxidats and antidepressant has an improved
potential in preventing oxidative damage and repaing already existing damage, but this
has to be confirmed in future clinical studies.
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Introduction excess ROS can lead to neuronal dysfunction anth dea
[1], Oxidative stress, which is one of the impottame-

Reactive oxygen species (ROS) are produced in miitab chanisms, causes the destruc_tion o_f cells I_oy deioga
and physiological processes and harmful oxidatescs the volume of hippocampus in patients with MD [2].
tions may occur in organisms, which remove them vid N€re is evidence for oxidative disturbances inomelg-
enzymatic and non- enzymatic antioxidative mechanis Pression, as demonstrated by oxidative markeresiuaiid
Under some conditions, the increase in oxidantsdmd thoSe examining the antioxidant effects of antidepant.
crease in antioxidants cannot be prevented, anathe Human studies have reported a number of oxidatse d
dant/ antioxidant balance shifts towards oxidatuess turbances in patients with MD, including oxidatidam-
status. Consequently, oxidative stress, which hemnb 2g€ in erythrocytic membranes suggested by thestiepl
implicated in over many neuropsychiatric disordars ~Of omega 3- fatty acids (Peet,1998), elevated lggitbxi-
cluding MD. Neurons are especially susceptible ree f dation product [3,4,5,6] reduced vitamins E and4C7

radical attacks, and insufficient defenses of eppgo  8)- Increase concentration of the endogenous itahibf
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endothelial NO synthase asymmetric dimethylargininesant therapy. The supplementation was done wigmiit
(ADMA and decreased NO [6, 9]. The findings of ¢ E (4001U/ day) and C (250mg/day) for 12 weeks. The
antioxidant enzyme levels have been mixed with mspo overall study was carried out in accordance wittsid&i
of elevated SOD [3, 4], diminished SOD activity [10], declaration made in 1975 (revised in 2000) and aas
and no changf]. proved by our institutional ethical committee. \Wéit
In one study of MD patients, who had been medicatioinformed consent was obtained from all the subjeltie
free for at least 2 months, the plasma total aidamt  fasting blood samples were collected in 5 ml heyized
potential and uric acid were reduced in patientagared tubes on the initial test day and after 3 monthsugple-
with controls; where as their total plasma perox@els mentation treatment. Plasma was separated by foeyatri
and oxidative stress index were both higher [1X]Jer€ tion at 3000 g for 15 minutes. Separated plasmausad
are no enough clinical trials of antioxidants tipéea have for the estimation of MDA, NO, vitamin E, vitamin, C
been published for MD disorder. A small, open-labelTAC. The buffy coat was removed and the packeds cell
study adjunctive ginkgo biloba extract in treatmefit were washed three times with physiological salifiee
patients with MD has been published, reportingpbsi-  erythrocytes suspension was prepared by the meihod
tive outcomes in terms of improved sleep efficieacyl Dodge et. al. [14], modified by Quist [15]. SOD isity
awakenings, but depressive outcomes were not egportwas measured in hemolysate, according to the meghod
[12]. Kajari Das [16]. Plasma vitamin E was determinedHsy
method of Baker and Frank [17]. Vitamin C (Ascorbic
The illness has a poor outcome in spite of besilabla  acid) levels were estimated in plasma by the metiiod
treatment. However, the majority of patients regspém Tietz [18]. Plasma MDA and NO concentrations were
pharmacological treatment if diagnosed early. Aspireés- determined as the measure of TBARS [19] and Najveda a
sant like fluoxetine protects from oxidative damagfe Cortas [20] respectively. TAC was measured by 8sap
only certain limits, but the mechanism of this padton is  of FRAP [21]. All the reagents used were of anaiti
not known. Hence development of novel strategieésmto reagent grade.
prove outcome which include early diagnosis andtire
ment will be of great benefit to patients of MD. Statigtical analysis

Statistical analysis between controls and patiemais per-
This study was undertaken to find out the assagiatif formed by students't’ test using Graph Pad Prisrar-V
oxidative stress with the antioxidant balance mnlewly sion 3.02 software. The data were expressed asimean
diagnosed MD patients and in healthy controls drel t SD, p< 0.05 was considered as significant.
effect of antioxidant vitamins E and C supplemeatat
on it. To support this working hypothesis we meadur
MDA as the index of lipid peroxidation, NO as niga
and nitrites, and individual antioxidant such agtheo- ) .
cytes SOD activity, plasma vitamin E, C, uric aeidd Analysis of mean values of the parameters for diida

TAC to evaluate the antioxidant status in both @ned stress anq antioxidant status betweer_l pre and sppst
post-treatment periods, and in a control group. plem_en.ta.tlon in MD group are sh_O\_/vn n the TablédL.
the individual parameters of antixidative statusdteo

] decrease, the decrease of vitamin E (p<0.0001)vaad

Materials and Methods min C (p<0.0001) was statistically significant asne
pared to control subjects. Oxidative stress indicetDA

The study was conducted at the department of Brohe was significantly higher (p< 0.001) in newly diaged
try and psychiatry, PDVVPF's Madical College andsHo MD patients than the control population. Howevére t
pital, Ahmednagar. The total of 30 patients with MBd mean plasma level was found to be significantly de-
30 age and sex matched controls with an averagefage creased (p< 0.04fter supplementation.
32.20 * 6.4 years were included in the presentystad
diagnosis of MD was made by DSM-IV criteria [13JU A he NO levels showed statistically significant (0.
the patients and controls were free of any medinatit increase in patient before supplementation. Buetigeno
least one month. Patients with a history of drugsabor significant improvement in their levels after sugrpenta-
dependence, serious medical iliness, severe haagt or  tion. Erythrocyte —SOD activity was significantlgwer
seizure disorders were excluded from the study.eNafn  (p<0.02) in depressed patients before supplementat$
the control subjects had a history of psychiatisotiers, compared to healthy controls. Depressed patiem@esth
severe head injury, seizure, diabetes mellitusprabrre-  no significant difference before and after antiésgant
nal failure, hypertension etc both groups consistedo treatment along with antioxidant supplementatiohe T
smokers. Oxidative stress markers such as MDA, ND a plasma vitamin E, C and TAC levels were also fotomd
antioxidant activity were assessed before and aitér  be increased significantly after supplementatiolasiia
oxidant supplementation along with routine antidspr TAC in patients before supplementation was sigaiftty
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lower (p<0.001) that the controls group. It wastistia

cally different before and after supplemeiutat(p<0.03).

Table 1. The mean x SD values of Plasma MDA, Erythrocyd®SGSH, Plasma VITAMIN E, VITAMIN C, and TAC
in controls and patients with Major Depression efand after intervention.

Parameters Healthy con- Before supple-
trols mentation
(n=30) (BS) (n=30)

After supplementa-
tion (AS) (n=30)

p value
Controls vs BS

Controls vs BS BSvs AS

MDA (nmol/L) 267.24 +34.12

NO (mmol/L) 24.45+ 10.30 31.67 £10.78
SOD (U/gm Hb) 34.14 + 9.45 29.19 + 7.67
Vitamin E (mg/L) 12.58 + 3.15 9.12+ 2.56
Vitamin C (mg/dL) 0.97 £0.11 0.65+0.18

TAC (nmol/L)

296.27 = 32.50

845.25+175.50 677.10+210.34

2782336.30 0.001 0.04
26.02 £9.28 0.01 0.05
31.46 230. 0.02 NS

10.87 92. 0.0001 0.01
0.75+40.1 0.0001 0.01
785t5868.50 0.001 0.03

P < 0.05 considered statistically significant, NSstN\Gignificant

Discussion

This is the first study to show that combined sappEn-
tation of antioxidant vitamins E and C with reguéanti-
depressant treatment is effective in improvement>aof

dative stress parameters in the patients with MBis T

study is also unique since it involved the patiess
normal controls with same racial background withiksir
lifestyle and dietary patterns, which may seemsilter
the oxidative indicators [22].

The important measure of oxidative stress in oudyst
was the concentration of MDA, which is a productlod
free radical process. Our results showed a higighyifs
cant increase in the concentration of MDA in plasoha
the patients with depression in comparison to ihat
healthy controls. Similar results were obtainedBlci
et. al., Sarandol et al. and Khanzode et. al. [F]4An
increase in lipid peroxidation in the plasma of the
pressed patients was also demonstrated by Selksy@t

An important finding of our study was that the pats
with depression disorder have lower activity ofiaxit
dant enzyme i.e. SOD in erythrocyte, before suppleat
tion as compared to the healthy controls. Distuckarn
the overall mechanism of generation of free radicaid
their consequent neutralization due to oxidativesst in
schizophrenia, where SOD is utilized for neutraligfree
radical superoxide ion toJ@, and oxygen [24].

In present study, our results indicated that thelte of
vitamin E, vitamin C and uric acid were found to de
creased significantly in depressed patients as acedpto
controls which are supported by many studies [4and
11]. This indicates that increased utilization dfthese
free radical scavengers in the condition of exeestpid
peroxidation [4, 7]. The link between vitamin C idef
ciency and depression may be caused by lower neuro-
transmitter levels. Vitamin C works together witte ten-
zyme dopamine-beta-hydroxylase to convert dopamine
into nor-epinephrine, which plays an important riolehe

and Forlenza and Millar [23] who measured the conce reégulation of mood [28].

tration of other end products of lipid peroxidatisuch as ] o
4-hydroxy 2-nonenal (HNE) and 8- hydroxyl 2- After supplementation these levels were signifilyaimh-
deoxyguanosine. The raised levels of MDA could be d Proved in patients with depression. Our findingareting

to increased generation of ROS due to the excessive
dative damage generated in these patients. Thisrals
flects the oxidative injury due to schizophrenidjiat is
attributed to free radicals formation that abstrgairogen
atoms from lipoproteins, causing lipid peroxidat[@d].

The level of NO metabolites was found to increaspa-
tients with MD in comparison with controls. Thessults
are similar to that of number of studies [25]. Hyere
some studies showed no changes in the levels ofmdO
tabolites [10]. There was no difference was seethén
levels of NO metabolites in the patients before afidr
supplementation.
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vitamin E and vitamin C suggested that, there was i
creased oxidative stress induced lipid peroxidatiothe
patients that resulted in increased consumpticthefan-
tioxidants vitamins leading to significant reductio
Moreover due to a prevailing decreased ascorbaé ile
them, oxidatively modified, inactive-tocopherol could
not be regulated into its active form. This furte&agger-
ated the oxidative stress induced lipid peroxidatiothe
brain cell membrane. The free radical scavengingtfan
of ascorbate most probably protects the SOD enzgme
tegrity and activity against the free radical inddaam-
age. Thus data analyses suggested that SOD adisty
came dependent primarily on the plasma ascorbaé& le
in the schizophrenic patients in the present stédgo
ascorbate was found as an important antioxidamtpiea
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vented dopamine against the oxidation by RNS ddrivetive damage in depression. The 12 weeks suppleti@nta

from NO [29]. In present study we obtained sigafidy
reduced level of TAC in plasma in MD patients conepa
to that of control subjects. Decline in TAC is alssoci-
ated with increased production of free radicals ded
creased levels of antioxidant defenses. Our dgerdeng
the TAC is consistent with the previous reportsvahg
depletion of main antioxidants: vitamin E, C, GShda
decreased activities of antioxidant enzyme in degpon
[30, 31]. This provides the indication that the fmtisms
of free radical induced damage to lipids, proteams
DNA may be involved in the pathogenesis of depogssi
These components of TAC prevent the reaction thas
es lipid peroxidation. An overall result suggests tlis-
turbance in pro and antioxidant balance in depoessi
Lipid peroxidation can be prevented by antioxidanp-

plementation. Vitamin E and vitamin C are well kmow 1

antioxidants that are postulated to protect agalastage
to biological membranes by their ability to scaverigge
radicals. Accordingly, several studies have exathitihe
efficacy of vitamin E or vitamin C in the treatmeBince

antioxidants alone may stop ongoing oxidative damag2.

and EFA have the potential to restore the cellatauc-

ture their combined use may be necessary for optima

treatment of oxidative cell damage [32]. VitaminiEa
lipid soluble antioxidant with the potential to peat oxi-
dative damage. However, vitamin E cannot preveittasx
tive damage to cytosolic proteins, mitochondriad an-
clei, where most of the ROS are generated. Thexefor
may be important to use vitamin E in combinationhwi
vitamin C, a water soluble antioxidant. Even motidya
low levels of vitamin C have been linked to depi@ss
[33].

However, since our endogenous antioxidant defeases
not always completely effective, and since expodore
damaging environmental factors is increasing, énte
reason- able to propose that exogenous antioxidanisl
be very effective in diminishing the cumulativeesfts of
oxidative damage.

Some of the studies demonstrated the antioxiddettsf
of antidepressant to improve the clinical condiiawe-
lated to depressive disorders along with increasehé
levels of antioxidants such as vitamin C and SOD Bdit
not a single study that shown an exogenous antoxid
supplementation have reported. So the present stisdy
suggests the combined therapy of antioxidant vitaki

and C with antidepressant may be more effective tha

monotherapy with antidepressant.
Conclusion

In conclusion, oxidant/antioxidant imbalance mayitbe
volved in the pathogenesis of MD. The present stualy
clearly shown higher MDA level and reduced totati-an
oxidant capacity which supports the hypothesisxidfia
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of antioxidants significantly influences the abgarame-
ters. Although the results of these studies ar@wag-
ing, further studies with placebo- controlled andeast
two doses need to be done with larger number oémuiat
with longer duration of supplementation. Apart fraims,

it is essential to mention that some confoundirgois

related to the patients habits, i.e. life styleetaly
changes and exercise which may affect the levetntf

oxidant system. Of course, we got all the resfitisn

peripheral blood in this study; further advancezhteque
should be adopted to make sure whether it mirréned
exact status in the brain.

References

Singh OP, Chakraborty I, Dasgupta A, Datta S. A

comparative study of oxidative stress and intetita

ship of important antioxidants in haloperidol arldm
zapine treated patients suffering from schizoplaeni

Indian J Psychiatry 2008; 50: 171-177.

Yao JK, Reddy RD, van Kammen DP. Oxidative dam-

age and schizophrenia: an overview of the evidamncke

its therapeutic implications. CNS Drugs 2001; 13:28

310.

3. Bilici M, Efe H, Koroglu A, Uydu HA, Bekaroglu M,
Deger O. Antioxidative enzyme activities and lijd-
roxidation in major depression: alterations by dei
pressant treatments. J Affect Disord 2001; 64: 43-5

4. Khanzode SD, Dakhale G.N, Khanzode SS, Saoji A,
Palasodkar R: Oxidative damage and major depression
the potential antioxidant action of selective senat
reuptake inhibitors. Redox Rep, 2003; 8: 365-370.

5. Sarandol A, Sarandol E, Eker S, Erdinc S, Vatanseve
E, Kirli S. Major depressive disorder is accompédnie
with oxidative stress: short-term antidepressaeattr
ment does not alter oxidative-antioxidative system.
Hum Psychopharmacol 2007; 22: 67-73.

6. Selley ML: Increased (E)-4-hydroxy-2-nonenel and
asymmetric dimethylarginine concentration and de-
creased nitric oxide concentration in the plasmaaf
tients with major depression. J Affect Disord 2088@;
249-256.

7. Maes M, Vos N, Pioli R, Demedts P, Wauters A, Neels
H, Christophe A: Lower serum vitamin E concentnatio
in major depression. Another marker of lowered -anti
oxidant defenses in that illness. J Affect DisofiD@,

58: 241-146.

8. Owen AJ, BatterhamMJ, Probst YC, Grenyer BF, Tap-

sell LC. Low plasma vitamin E levels in major depre

sion: diet or disease? Eur Jof Clin Nutr 2005; 59, 304-

306.

9. Srivastava N, Barthwal MK, Dalal PK, Agarwal AK,

Nag D, Seth PKSrimal R, Dikshit M: A study of nitric

oxide, beta-adrenergic receptor and antioxidartusta

in the polymorphonuclear leukocytes from the pasien

of depression. J Affect Disord 2002; 72: 45-52.

Current Neurobiology 2012 Mok 3 Issue 2



A study of oxidative stress and influence of amdent vitamins in depression.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Herken H, Gurel A, Selek S, Armutcu F, Ozen ME, 26.
Bulut M, Kap O, Yumru M, Savas HA, Akyol O. Ade-
nosine deaminase, nitric oxide, superoxide disneutas
and xanthine oxidase in patients with major depoass
impact of antidepressant treatment. Archives of Med
cal Research 2007; 38: 247-252.

Yanik M, Erel O, Kati M. The relationship between
potency of oxidative stress and severity of defoess
Acta Neuropsychiatrica 2004a; 16: 200-203.

Yao JK, Reddy R, McElhinny LG, van Kammen DP. 28.
Effects of haloperidol on antioxidant defense syste
enzymes in schizophrenia. J. Psychiatr. Res 19%R8a;
385-391.

The ICD- 10. Classification of Mental and Behavlora 29.
Disorders: Clinical Description and Diagnostic Ga#d
lines. Geneva: World Health Organization; 1992. 30.
Dodge JF, Mitchell G, Hanahan DJ. The preparation
and chemical characterization of hemoglobin free
ghosts of human red blood cells. Arch Biochem Bio-
phys 1968; 110: 119-130. 31.
Quist EH. Regulation of erythrocyte membrane shape
by calcium ion. Biochem Biophys Res Commun 1980;
92: 631-637.

Kajari Das. A modified spectrophotometric assay of
superoxide dismutase using nitrate formation byesup
oxide radicals. Indian J Biochem and Biophys 200032.
57: 201-4.

Burtis and Ashwood. Tietz text book of clinical ce

istry, 3¢ edition. WB Saunders Co. 1999; 1652-1653.
Baker, Frank. Determination of serum tocopherol by
colorimetric method.Varley's Practical Clinical Bio 33.
chemistry, Heimann Professional Publishin e@lition
1988; 902.

Caraway WT. carbohydrates in Tietz N. W. (Ed). Fun-
damentals of clinical chemistry. W.B. Saunder Com-
pany; 173-176.

Bird RP, Draper HH. Comparative study on different
methods of MDA determination. Methods Enzymol
1984; 105.

Cortas NK, Wakid NW. Determination of inorganic
nitrate in serum and urine by a kinetic cadmiunme— r
duction method. Clin Chem 1990; 36 (8): 1440-1443.
Benzie |, strain J. The ferric reducing abilitymasma
(FRAP) as a measure of “antioxidant Power”. The
FRAP Assay. Analytical Biochemistry 1996; 239(1):
70-76.

Forlenza MJ, Miller GE. Increased serum levels of 8
hydroxy-2’-deoxyguanosine in clinical depression.
Psychosomatic Medicine 2006; 68: 1-7.

Gatecki P, Smemraj J, Bienikewicz M, Florkowski A,
Gatecka E. lipid peroxidation and antioxidant pcete
tion in patients during acute depressive episodes a
remission after fluoxetine treatment. Phramacotlabi
Reportr 2009; 61: 436-47.

Suzuki E, YAgi G, Nakaki T, Kanba S and Asai M.
elevated plasma nitrate levels in depressive stataé
fect Disord 2001; 63: 221-224.

27.

Current Neurobiology 2012 Volume 3 Issue 2

Kuloglu M, Ustundag B, Atmaca M, Canatan H, Tez-
can AE, Cinkilinc N. Lipid peroxidation and antiexi
dant enzyme levels in patients with schizophremid a
bipolar disorder. Cell Biochem Funct 2002; 20: 171-
175.

Kumari R, Chatterjee M, Singh S, Kundal M, Ash-
walayan VD. Oxidative stree: A novel treatment &drg
in psychiatric disorder. International J Pharmaicailit
Sciences and Research. 2011; 9(1):165-72.

Janero DR. Malondialdehyde and thiobarbituric acid
reactivity as diagnostic indices of lipid peroxidat
and peroxidative injury. Free Radic Biol Med 1990;
515-40.

Path, J. Cellular functions of ascorbic acid. Briis-

try and Cell Biology 1990; 6: 1166-73.

Nikolaus M, Hildegard S, Volker A et al. Severe-tar
dive dyskinesia in affective disorders: Treatmeithw
vitamin E and C. Neuropsychobiology 2002; 46 (suppl
1): 28-30.

Altuntas I, Aksoy H, Coskun I, Caykoylu A, Akcay F
(2000). Erythrocyte superoxide dismutase and glu-
tathione peroxidase activities, and malondialdehyde
and reduced glutathione levels in schizophrenic pa-
tients. Clinical Chemistry and Laboratory Medicine
2000; 38: 1277-1281.

Arvindakshan M, Ghate M, Ranjekar PK, Evans DR,
Mahadik SP Supplementation with a combination of
omega-3 fatty acids and antioxidants (vitamins E an
C) improves the outcome of schizophrenia. Schizo-
phrenia Research 2003a; 62: 195-204.

Hamer, Mark, Bates, Christopher J, Mishra, Gita D.
Depression, Physical Function, and Risk of Moralit
National Diet and Nutrition Survey in Adults Older
Than 65 Years. American Journal of Geriatric P&/ch
try 2011; 19(1):72-78.

Correspondence to:

Santoshi R. Ghodake

95, Bhopale Nagar Majarewadi,
Hotgi Road, Solapur 413224.
India

111



