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Abstract

Background and Objective: Electroconvulsive therapy (ECT) is one of the effective and less complicated
methods for treatment of depression in cases of resistance to common treatments. Given the fundamental role of
pre-frontal cortex on changing the mood of depression-related behaviors in depressed patients, the effects of
electroconvulsive therapy on enzymatic activity of this cortex were taken into account in this study.

Materials and Methods: For this purpose, 42 male Wistar rats were divided into three control, depressed and
ECT groups. To create depression, Chronic Unpredictable Mild Stress (CUMS) method was used. Finaly, NO,
MDA, GSH and SOD in prefrontal portion of the brain in three mentioned groups were measured

Results: Our findings showed a non-significant increase of MDA (p>0.05) in both groups of depress and ECT in
comparison with control. ECT caused a significant increase in contents of GSH and SOD in prefrontal cortex
versus the group of control. Also, ECT significantly increased the level of nitrite as compared with control.

Conclusion: Treatment of depression by ECT could increase the level of antioxidants in the depressed rats brain
and it may be considered as a treatment for moderate depression disorders.
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1. Introduction

gjor depressive disorder (MDD) is
one of the most prevalent forms of
mental illness in humans, which its
occurrence rate is 16.2% in the
United States (1). The disorder is
associated with high morbidity and

axis function has a key role in depression incidence
(6). Nowadays, the prevailing mechanisms for the
development of therapeutic drugs are mostly based on
“monoamine hypothesis” which suggests that the
decrease in  concentration of  monoamine
neurotransmitters plays the main role in MDD (7).

risk of premature mortality (2) and is predicted to be
the leading cause of disability in Western countries by
2030 (3). Among patients with major depression, 75—
85% has recurrent episodes and 10-30% was
incompletely recovered with tenacious residual
depressive symptoms (4, 5). Stress-related psychiatric
disorders, including major depression, have also been
reported to be associated with alternation in
hypothal amic—pituitary—adrenal (HPA) axis function.
Indeed, the studies show that the abnormality in HPA

These drugs include selective serotonin reuptake
inhibitors (SSRIs), tricyclics (TCAS) and inhibitors of
degradation of neurotransmitters such as monoamine
oxidase inhibitors (MAOIs) (8). However, a
significant population of depressed patients (20% to
30%) does not respond to these medications. This is
somewhat due to our limited understanding of the
precise neurobiological mechanisms associated with
depression(9). Recent evidence suggests that the
incidence of depression is caused by alterations in the
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complex signaling networks. These networks included
of: monoamine neurotransmitter, neuroendocrine
system, neurotropic factors, neurogenesis, immune
system deficiency, and epigenetic modifications (10-
14). In concomitant, electroconvulsive therapy (ECT)
is a highly effective treatment for severe or resistant
forms of depression (15). The ECT technique has been
considerably advanced in the last 50 years (16). The
reports showed that the rehabilitation with electro-
convulsion is an effective treatment for bipolar
depression, but there are concerns about whether it
causes long-term neurocognitive impairment (17).
However, despite widespread usage of ECT, the exact
neurobiological mechanisms underlying its efficacy
are not fully understood. Over the past 3 decades,
extensive work in rodents, primates, and humans has
begun to delineate the impact of electroconvulsive
seizures (ECS) and ECT on neurotransmission
systems commonly implicated in depression (18). In
the current study, we will focus and investigate the
changes of oxidative stress indexes in the prefrontal
cortex in depression rats using chronic unpredictable
mild stress (CUMS) model.

2. Materials and Methods

2.1. Experimental groups and treatments

Healthy male adult Wistar rats (n=42), weighting
250-300 g, were maintained in a standard
environment for one week acclimatization period
before experiments. All of the experimental
procedures were approved by the Ethical Committee
of Shahed Medical University and carried out in
accordance with National Institutes of Health Guide
for the Care and Use of Laboratory Animals. Rats
were randomly divided into three groups: 1- control
group of healthy rats without any treatment (group C)
and groups 2 and 3 were induced by CUMS to
reproduce the rodent model of depression.

2.2. CUMS modeling for induction of depression

Chronic  unpredictable mild stress (CUMS)
procedure was adopted from a previous study with
minor modifications. One randomly selected stressor
stimulus among the panel used in this study was
applied once daily to the rats in the CUMS-treated
groups. The panel of stressor stimuli consisted of 1-
swimming in cold water (4°C) for 5 minutes; 2- tail
pinching for 1 minute; 3- food deprivation for 24
hours; 4- water deprivation for 24 hours; 5- social
crowding (24 rats per cage), with cage being tilted to
30° from the horizontal plane for 24 hours; 6- shaking
for 20 minutes (one shake per second); 7-continuous
lighting for 24 h; 8- housing in a soiled cage for 24 h;
9- heat stress (45°C) for 5 minutes; 10- undesirable
confinement for 2 h. Stressor stimuli were
administered three times within the 4 weeks, except
for stressors 1 and 2 which were applied two times

during 1 month (19). After that, (23" day from start of
CUMS), the rats of group 3 was treated with ECT for
a period of 7 days. Finally, the brain of each rat was
removed and homogenized and the separated
supernatant was kept at -70°C for biochemical assay.

2.3. Measurement of oxidant and anti-oxidant
metabolites

Malondialdehyde (MDA)

The concentration of malondialdehyde (MDA) as a
lipid peroxidation marker was calculated by
measuring thiobarbituric acid reactive substances
(TBARS) in the supernatant as described by Roghani
et al. (20). Briefly, trichloroacetic acid and TBARS
reagent were added to aliquots of the supernatant,
which were subsequently mixed and incubated at
100°C for 80 min. After cooling on ice, the samples
were centrifuged at 1000xg for 10 min, and the
absorbance of the supernatant was read at 532 nm.
The results of TBARS measurements were expressed
as MDA equivalents, using tetraethoxypropane as
standard.

Nitrite as NO metabolite

Supernatant NO content was assayed by the Griess
method. Since NO is a compound with a short half-life and
is rapidly converted to the stable end products of nitrate
(NOs-) and nitrite (NO2-), the principle of the assay is the
conversion of nitrate into nitrite by cadmium and followed
by color development with Griess reagent (sulfanilamide
and n-naphthyl ethylenediamine) in acidic medium (21). The
total nitrite was measured by Griess reaction. The
absorbance was determined at 540 nm with a
spectrophotometer (22).

Superoxide dismutase (SOD)

SOD activity measurement was according to our
previous work (23). Briefly, supernatant was
incubated with xanthine and xanthine oxidase in
potassium phosphate buffer (pH 7.8, 37°C) for 40 min
and NBT was added. Blue formazan was then
monitored spectrophotometrically at 550 nm. The
amount of protein that inhibited NBT reduction to
50% maximum was defined as 1 nitrite unit (NU) of
SOD activity.

Glutathione (GSH)
Glutathione level in homogenized supernatant was
measured with Ellman reagent at 412 nm.

2.4. Data analysis

Data were expressed as the mean + standard error.
Statistical analysis was performed using SPSS
software program (version 13; SPSS, Chicago, IL,
USA). The results were compared using an analysis of
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variance (ANOVA). P-values <0.05 were considered
significant.

3. Results

3.1. Prefrontal cortex MDA concentration

As shown in figure 1, MDA was slightly and non-
significantly increased in depressed and ECT
treatment animal groups as compared to control rats.
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Fig. 1. Prefrontal ~malondialdenyde (MDA)
concentration in control and treatment animals. Bars
show Mean+SEM. n = 14/group.

3.2. Nitrite concentration of prefrontal cortex

There was no significant differences in nitrite (NO)
concentration between control and depression groups
(Fig. 2), but in depression animals which treated with
ECT, we found a marked elevation (1.75+0.21) in
nitrite versus control (1.02+0.15) p < 0.05.
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Fig. 2. Prefrontal nitrite concentration in control and
treatment animals. Bars show Mean+SEM of nitrite
concentration. n = 14/group.

3.3. SOD activity in prefrontal cortex

In depression animal group, SOD reduced from
9.08+0.99 (in control rats) to 6.26+1.87, which was
not significant. However, there was a significant
elevation of SOD in ECT treated animals (18.18+1.97)
with respect to control (6.26+1.87) rats (p < 0.05).
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Fig. 3. Prefrontal SOD activity in control and

treatment animals. Bars show MeantSEM of SOD
activity. n = 14/group.

3.4. Glutathione (GSH) concentration of prefrontal
cortex

Evaluation of the prefrontal cortex GSH showed
that there is a significant reduction in depression
group GSH concentration (33.56+8.64) as compared
to the control (63.54+7.26) animals. (p < 0.05).
Though, treatment of the animals with ECT could
antagonize the reduction effect of depression on GSH
concentration to 118.22+10.32 value (p < 0.05).
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Fig. 4. Prefrontal GSH concentration in control and

treatment animals. Bars show MeantSEM of GSH
concentration. n = 14/group.
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4. Discussion

It is well established that neuroinflammation,
oxidative stress and neuroendocrine disturbance have
the main role in the pathogenesis of major depression
(24). Reports show that excessive production of
reactive oxidative stress (ROS) and decrement of
antioxidants levels lead to cellular's protein, lipid, and
DNA injury and subsequent cellular apoptosis. Many
studies have indicated that GSH depletion leads to
oxidative stress induction, mitochondrial complex |
inhibition, ubiquitin—proteasome dysfunction and
ultimately neuronal cell death (25, 26). In the study by
Filho et al., it was reported that CUMS could decrease
the level of non-protein thiol (NPSH) and increase
reactive oxygen species (ROS). In response to these
changes, glutathione reductase (GR), glutathione
peroxidase (GPx) and catalase (CAT) activities were
increased in mice exposed to CUMS (27). Other
studies like JieCheng reports showed that the levels of
prefrontal cortex pro-inflammatory cytokines such as
interleukin-1 (IL-1), interleukin-6 (IL-6) and tumor
necrosis factor-1 (TNF-1) increases by CUMS.
Moreover, many investigations illustrated an increase
in lipid peroxidations such as malonaldehyde (MDA)
and also a decrement level for antioxidant defense
enzymes including superoxide dismutase (SOD) and
glutathione peroxidase (GSH-Px) following CUMS
(24). However, Thakare finding revealed that the mice
subjected to CUMS exhibited low levels of I1L-6 and
TNF-a which is concomitant with oxidant-antioxidant
imbalance in the hippocampus and cerebral cortex
(28). In another study by Lopresti, it was shown that
in the depressed patients, MDA concentrations would
be significantly increased as compared to healthy
control persons (29). The nitric oxidative production
disturbance i.e, high level of nitric oxide synthase
activity was shown following depression (30).
However, our investigation results are related to other
mentioned reports. Chronic inflammation is conducted
by several molecules which signaled by JAK/STAT
transduction or microbial sensors such as Toll Like
Receptor and absent in melanoma 2, and also (NLR)
Node-like receptor. It seems that these molecules are
involved in inflammatory cytokines production in
patients with depression. Oxidative lipid damage was
evident only in the frontal cortex than hippocampus,
cerebellum and the pons/medulla region (31). We can
guess the benefit protective anti-oxidant effects of
ECT in frontal region could help to depressed patients
to recover and reach to better border line for living.

References

1.

10.

11.

12.

Kessler RC, Bromet EJ. The epidemiology of
depression across cultures. Annual Review of
Public Health 2013; 34:119-38.

Nestler EJ, Barrot M, DiLeone RJ, Eisch AJ,
Gold SJ, Monteggia LM. Neurobiology of
Depression 2002; 34(1):13-25.

Mathers CD, Loncar D. Projections of global
mortality and burden of disease from 2002 to
2030. PLoS medicine 2006; 3(11):e442.

Lenertz LY, Gavala ML, Hill LM, Bertics PJ.
Cell signaling via the P2X(7) nucleotide receptor:
linkage to ROS production, gene transcription,
and receptor trafficking. Purinergic Signalling
2009;5(2):175-87.

Torzsa P, Szeifert L, Dunai K, Kalabay L, Novak
M. [Diagnosis and therapy of depression in family
practice]. Orvosi Hetilap 2009;150(36):1684-93.

Holsboer F. The corticosteroid receptor
hypothesis of depression.
Neuropsychopharmacology 2000;23(5):477-501.

Tran PV, Bymaster FP, McNamara RK, Potter
WZ. Dual monoamine modulation for improved
treatment of major depressive disorder. Journal of
Clinical Psychopharmacology 2003;23(1):78-86.

Brunello N, Mendlewicz J, Kasper S, Leonard B,
Montgomery S, Nelson J, et al. The role of

noradrenaline and  selective  noradrenaline
reuptake inhibition in depression. European
Neuropsychopharmacology 2002;12(5):461-75.
Krishnan V, Nestler EJ. The molecular
neurobiology of depression. Nature
2008;455(7215):894-902.

Abrous DN, Koehl M, Le Moal M. Adult

neurogenesis: from precursors to network and
physiology. Physiological Reviews
2005;85(2):523-69.

Calvano SE, Xiao W, Richards DR, Felciano RM,
Baker HV, Cho RJ, et al. A network-based
analysis of systemic inflammation in humans.
Nature 2005;437(7061):1032-7.

Castren E, Voikar V, Rantamaki T. Role of
neurotrophic factors in depression. Current
Opinion in Pharmacology 2007; 7(1):18-21.

Journal of Basic and Clinical Pathophysiology, Vol. 6, No. 2, September 2018 | 30


https://www.ncbi.nlm.nih.gov/pubmed/?term=Filho%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=25592430
file:///G:/Magnolol%20abrogates%20chronic%20mild%20stress-induced%20depressive-like%20behaviors%20by%20inhibiting%20neuroinflammation%20and%20oxidative%20stress%20in%20the%20prefrontal%20cortex%20of%20mice%20-%20ScienceDirect.htm%23!
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thakare%20VN%5BAuthor%5D&cauthor=true&cauthor_uid=29215318

Research Article

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

Kim H, Lee H, Rowan J, Brahim J, Dionne RA.
Genetic polymorphisms in monoamine
neurotransmitter  systems show only weak
association with acute post-surgical pain in
humans. Molecular Pain 2006; 2:24.

Ponomarev |, Wang S, Zhang L, Harris RA,
Mayfield RD. Gene coexpression networks in
human brain identify epigenetic modifications in
alcohol dependence. The Journal of Neuroscience
2012;32(5):1884-97.

Galvez V, Li A, Oxley C, Waite S, De Felice N,
Hadzi-Pavlovic D, et al. Health Related Quality
of Life after ECT for depression: A study
exploring the role of different electrode-
placements and pulse-widths. Journal of Affective
Disorders 2016;206:268-72.

Tor PC, Bautovich A, Wang MJ, Martin D,
Harvey SB, Loo C. A Systematic Review and
Meta-Analysis of Brief Versus Ultrabrief Right
Unilateral  Electroconvulsive  Therapy  for
Depression. The Journal of Clinical Psychiatry
2015;76(9):1092-8.

Bjoerke-Bertheussen J, Schoeyen H, Andreassen
OA, Malt UF, Oedegaard KJ, Morken G, et al.
Right unilateral electroconvulsive therapy does
not cause more cognitive impairment than
pharmacologic treatment in treatment-resistant
bipolar depression: A 6-month randomized
controlled trial follow-up study. Bipolar Disorders
2017.

Baldinger P, Lotan A, Frey R, Kasper S, Lerer B,
Lanzenberger ~ R.  Neurotransmitters  and
electroconvulsive therapy. Journal of
Electroconvulsive therapy 2014;30(2):116-21.

Luo J, Min S, Wei K, Cao J, Wang B, Li P, et al.
Propofol  prevents  electroconvulsive-shock-
induced memory impairment through regulation
of hippocampal synaptic plasticity in a rat model
of depression. Neuropsychiatric Disease and
Treatment 2014; 10:1847-59.

Roghani M, Baluchnejadmojarad T. Chronic
epigallocatechin-gallate improves aortic reactivity
of diabetic rats: underlying mechanisms. Vascular
Pharmacology 2009; 51(2-3):84-9.

Cortas NK, Wakid NW. Determination of
inorganic nitrate in serum and urine by a kinetic
cadmium-reduction method. Clinical Chemistry
1990;36(8 Pt 1):1440-3.

Ilhan A, Gurel A, Armutcu F, Kamisli S, lraz M.
Antiepileptogenic and antioxidant effects of
Nigella sativa oil against pentylenetetrazol-
induced kindling in mice. Neuropharmacology
2005;49(4):456-64.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Roghani M, Niknam A, Jalali-Nadoushan MR,
Kiasalari Z, Khalili M, Baluchnejadmojarad T.
Oral  pelargonidin  exerts  dose-dependent
neuroprotection in 6-hydroxydopamine rat model
of hemi-parkinsonism. Brain Research Bulletin
2010;82(5-6):279-83.

Cheng J, Dong S, Yi L, Geng D, Liu Q. Magnolol
abrogates chronic mild stress-induced depressive-
like behaviors by inhibiting neuroinflammation
and oxidative stress in the prefrontal cortex of
mice. International Immunopharmacology
2018;59:61-7.

Vali S, Mythri RB, Jagatha B, Padiadpu J,
Ramanujan KS, Andersen JK, et al. Integrating
glutathione  metabolism and  mitochondrial
dysfunction with implications for Parkinson's
disease: a dynamic model. Neuroscience
2007;149(4):917-30.

Verma R, Nehru B. Effect of centrophenoxine
against rotenone-induced oxidative stress in an
animal model of Parkinson's disease.
Neurochemistry International 2009;55(6):369-75.

Filho CB, Jesse CR, Donato F, Giacomeli R, Del
Fabbro L, da Silva Antunes M, et al. Chronic
unpredictable mild stress decreases BDNF and
NGF levels and Na(+),K(+)-ATPase activity in
the hippocampus and prefrontal cortex of mice:
antidepressant effect of chrysin. Neuroscience
2015;289:367-80.

Thakare VN, Patil RR, Oswal RJ, Dhakane VD,
Aswar MK, Patel BM. Therapeutic potential of
silymarin in chronic unpredictable mild stress
induced depressive-like behavior in mice. Journal
of Psychopharmacology 2018;32(2):223-35.

Lopresti AL, Maker GL, Hood SD, Drummond
PD. A review of peripheral biomarkers in major
depression: the potential of inflammatory and
oxidative stress biomarkers. Progress in Neuro-
Psychopharmacology & Biological Psychiatry
2014;48:102-11.

Wigner P, Czarny P, Galecki P, Su KP, Sliwinski
T. The molecular aspects of oxidative &
nitrosative stress and the tryptophan catabolites
pathway (TRYCATSs) as potential causes of
depression. Psychiatry Research 2017.

Zupan G, Pilipovic K, Hrelja A, Peternel S.
Oxidative stress parameters in different rat brain
structures after electroconvulsive shock-induced
seizures. Progress in Neuro-Psychopharmacology
& Biological Psychiatry 2008;32(3):771-7.

Journal of Basic and Clinical Pathophysiology, Vol. 6, No. 2, September 2018 31



