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ABSTRACT. A few studies have shown that serum brain-derived neurotrophic factor (BONFj level in post-stroke
depression is highly correlated with memory and neuropsychiatric disturbances Objective: This study aimed to
elucidate the relationship of serun BDNF. malondialdehyde (MDA), and 8-Hydroxy 2-Deoxyguanosine (8-OhdG) levels
in acute stroke cases with one-month post-stroke depression. Methods: An observational study was conducted
of Vi post-ischemic stroke patients in the Neurology ward of the Dr. M. Djamil Hospital. Padang. West Sumatra.
Indonesia Acute stroke (< 48 hours) serum BDNF, MDA, and 8-0hdG levels were measuied using ELISA. Based
on observations using the Hamilton Depression Rating Scale conducted one month after stroke, respondents were
divided Into two groups with and without depression. The mean serum level was analyzed using the f-test and
Mann-Whitney test, while differences in basic characteristics were analyzed using the Chi-square test Multivariate
analysis was conducted to determine the most significant factor associated with post-stroke depression. The error
rate was set at 5%. Results: BDNF levels in acute stroke were significantly lower in the depression group than in
the non-depression group (p < 0.05). MDA and 8-0hdG levels in acute stroke were higher in the depression group
fp <0.05), BDNF level during acute stroke was negatively correlated with post-stroke depression, while, conversely,
acute stroke MDA andgpw G levels were positively correlated with depression Conclusion: BDNF had a negative
correlation, while MDA and 8-0hdG had a positive correlation, with depression one-month post-stroke. 8-OhdG was
the most influential factor in post-stroke||pression.
Key words: 8-OhdG, BDNF depression, ischemic stroke, malondialdehyde.

A RELAQAO DO FATDR NEUROTROFICO DERIVADO DO CtREBRO, MALONDIALDEIDO E 8-HIDROXI 2-DESOXIGANOSINA
Q M A DEPRESSED PfiS-AVC ISQUEMtCA

RESUMO. Alguns estudos mostraram que o nivel serico de fator neurotrdfico derivado do cerebro (BDNF) na depress:»
pos-AVC esta altamente correiacionado com a memdria e com os disturbios neuropsiquiatricos. Objetivo: Este
estudo teve como objetivo elucidar a reiagao entre os ntvers sericos de BDNF. malondialdeido (MOA) e 8-hidroxi
2-desoxiganosanos (8 OhdG) ern cases de AVC agudo com depressao pos-AVC de um mes Metodos: Dm estudo
observacional foi realizado em Vi pacientes com AVC p6s-isquEmico na enfermaria de Neurologia do Hospital Dr, M.
Djamil, Padang. Sumatra Ocidental, Indonesia. Os ntveis sericos de BDNF MDA e 8-OhdG no AVC agudo (< 48 h«as)
torn merfdos usando ELISA. Com base nas observances da Hamilton Depression Rating Scale realizada um mes apés
0AVC. os entrevistados foram dvididos em dois grupos: com e sem depressao, 0 nivel serico medio foi analisado pelo
teste T e Mann-Whitney. enquanto as diferengas nas caracteristicas basicas foram analisadas pelo teste do qui-quadrado.
Aandlise multivariada foi realizada para determinar o fator mais significative associado a depressao pos-AVC, A taxa de
erro foi fixada em 5%, Resultados: 0 nivel de BDNF no AVC agudo foi signifieadvamente menot na depressao do que
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0
no gmpo sem depressao (p < 0.05) Os meets de MDA e 8-0hdG no AVC agudo Soram makxes no grupo de depressao

(p < 0.05). 0 ni'vel de BDNF dtj|te oAVC agudo foi negativameite correlacionado com os cases de depressao pos-
AVC. enquanto, inversamente os nlveis de MDA e 8-OtidG do AVC agudo foram positivamente correlacionados com

0s casos de depressSo. Conelusao: 0 BDNF tem uma cotrelagao negativa, enquanto o MDA e 0 S-QhdG tiveram uma

correlagao positive com a depressao um mes apos o0 AVC. 8-0hdé6 foi o fator mais influente na depressao pos-AVC.

Palavras-chave: 3-0hdG. BDNF. depressao. aciuente vascular cerebral isquemico malondaldeido.

ost-stroke depression is a neuropsychiatric com-
Pplication that frequently occurs after a stroke, five

prevalenceis 31% of stroke cases in <1-year post-stroke;
25% 1-5 years post-stroke; and 23% 5 years post-stroke.
This high prevalence is caused by patient dissatisfaction
with the healing process, functional progress or overall
outcome. Depression interferes with the healing process
and is a major factor influencing stroke severity, cogni-
tive disorder and higher general death toll.23

The pathogenesis of this depression remains unclear.
Some theories, based on previous studies, attributed the
depression to causes such as neurobiological issues, the
patient's behavior and habits, or social factors. Of these
three factors, the neurobiological factor exhibits a differ-
ent depression subtype than the others.' Neurogenesis
and oxidative stress are the two most hotly debated neu-
robiological factors that cause depression. One of the
highlighted factors is neurotrophins as they regulate
nerve regeneration.1Neurotrophins are important sig-
nal transducer molecules in the brain, responsible for
the growth and maturation of axons and neurons and
for synaptic plasticity.6

Brain-derived neurotrophic factor (BDNF) is one of
the primary neurotrophins expressed in the central and
peripheral nervous system in adult mammals, especially
in the hippocampus and cortex.7BDNF has several func-
tions, including the maturation and longevity of axon
and dendrite growth, neurotransmitter release, and reg-
ulating long-term potentiation (LTP), and thus plays a
pivotal role in regulating synaptic plasticity.' It has been
reported that BDNF can pass through the blood-bram
barrier and its level in the brain and serum does not
differ during the maturation andaging process in mice,
indicating that BDNF level in serum reflects levels in the
brain.910A clinical study showed that serum BDNF level
and decrease in hippocampus volume was highly corre-
lated with memory and neuropsychiatric disorders. Fur-
ther analysis also reported that low BDNF level can lead
to decreased hippocampus volume and be considered
the cause of spatial memory deficit and depression.4
BDNF injected into a depressed mouse’s brain helped
alleviate the symptoms of depression.
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Ischemic stroke is the most common type of stroke,
reported to constitute around 85% of all stroke cases
globally.1* This high incidence of stroke leads to a high
number of cases of disability and post-stroke depres-
sion. Ischemic stroke is strongly associated with the
production of reactive oxygen species (ROS) and reac-
tive nitrogen species (RNS). ROS and RNS initiate tire
oxidative process in biomolecules, such as protein and
DNA, creating toxic matter. 2

It has been shown that free radicals play an impor-
tant role in depression pathophysiology.1315 One of
the products of the oxidative reaction in brain tissue is
malondialdehyde (M DA), high in unsaturated fat (poly-
unsaturated fatty arid/PUFA).*6 Tire study by Liu stated
that MDA is one of tire predictive markers of post-stroke
depression.7The findings of Liu's study were supported
by the study by Rybka, which observed elevated MDA
levels in patients diagnosed with major depression.!a

Oxidative DNA damage is responsible for dysfunc-
tion of the blood-brain barrier and also induces the
degeneration process anftpoptosis. DNA damage can
be predicted by elevated fThydroxy-2’-deoxyguauoshre
(8-OhdG) levels in body tissue, blood or urine, 8-OhdG
is considered an important biomarker which is stable
during oxidative stress to DNA.142®8The study by Black
found elevated 8-OhdG levels in patients with depres-
sion,# in agreement with Chen's study observing an
increased 8-OhdG in the urine of subacute ischemic
stroke patients diagnosed with depression.2l The argu-
ments outlined above strongly suggest the connection
and involvement of neurogenesis and oxidative stress
with post-stroke depression cases.9172l The present
study was conducted to further elucidate this involve-
ment and determine the most significant cause of post-
stroke depression.

IVETHODS

Study design
This study was approved by the Ethics Committee of the
Medicine Faculty, Andalas University, Padang (certifi-



cate number; 511/KEP/FK/2G18). The observational
study with a case control study design was conducted
from January 231to September 30th, 2018. Tire inclusion
criteria were: (1) confirmed ischemic stroke patient diag-
nosed withbrain CT scan within <48 hours of onset; (2)
age <70 years; (3) no observed depression symptoms
prior to the stroke, and post-stroke depression dura-
tion > 2 weeks; (4) no other neurodegenerative diseases,
such as Alzheimer’s or Parkinson's; and (5) willing to be
included in this study. Serum levels of BDNF, MDA, and
8-OhdG were examined 48 hours post-stroke using tire
ELISA method. The depression assessment was based on
the Hamilton Depression Rating Scaleand was conducted
one month after tire stroke at the Neurology Polyclinic of
the Dr. M. Djamil Hospital, Padang, WestSumatra, Indo-
nesia. Based on the depression scale assessment, the
patients were divided into two groups (36 peoplein each):
post-stroke with depression and without depression.

BDNF, MDA, and 8-0hdG examination

Total serum BDNF level was measured with an ELISA
kit (sandwich ELISA method). The ELISA microplate
was coated with anti-BDNF antibody and the BDNF
signal was detected using biotinylated specific antibody
and Avidin-Horseradish Peroxidase (HRP). MDA and
8-OhdG levels were measured with the competitive
ELISA strategy. The ELISA microplate was coated with

Table 1. Basic characteristics of the two groups.

with depression

Age 59.67 £9.7

Gender MF 18/18

Education level; low/high 18/18

Manage status: married/single 32/4

left*Right lesion 11/25
‘Chi-squeretest
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the respective target (MDA or 8-OhdG). During the
reaction, MDA /8-OhdG in the standard plate competed
with the serum MDAy8-OhdG for the specialized Bioti-
nylated Detection Ab for MDA/8-OhdG. Subsequently,
the measurement procedure was based on the manufac-
turer’s instruction. The color change at the end of the
reaction was measured using spectrophotometry at a
wavelength of 450 + 2 nm.

Statistical analysis

Hie basic differences between the two groups were
assessed using Chi-Square and Mann-Whitney tests.
Mean differences for each variable (BDNF, MDA, and
8-OhdG) in the two groups were tested using the t-test
for normally distributed data and the Mann-Whitney
test fornon-normafly distributed data. Multiple analysis
with linear regression was conducted to determine the
highest correlation of variables (marital status, educa-
tion level, side of lesion, MDA, BDNF and 8-OhdG) with
post-stroke depression. Statistical tests were considered
significant for p-value <0.05.

RESULTS

Based on the Chi-square test, the basic characteristics
of the two groups were statistically similar (p > 0.05)
(Table 1).

Post-Ischemic Stroke

withoutdepression p
59.64 £11.2 0.85-
19/17 0.814-
12/24 0.151-
31/5 0.722-
19/17 0.056-

Table 2. Compaison of BDNF. MDA and 8-OhdG levels Inthe two groups.

Post-Ischemic Stroke

Variable with depression without depression P

BDNF (pg/m) 6442.50 +1747.48 752233 +1638.45 0.009-
MDA(ng/mi) 110,06 +33.27 9998 +54.76 0.024%%
8-OhdG (ng/m) 4.39 +2.19 3.08+0.73 <0.001"

-Test ™ Merfi-Whirfy tet
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Table 3. Serum BDNF. MDA, and 8-OhdG level correlations with post-stroke
depression

Post-stroke depression

Variable r P
BDNF -0.308 0.009
MDA 0268 0.023

8-0hdG 0.432 <0.001

Table 4. Multple analysis using linear recession of serum level with post-
stroke depression.

Correlation
Variable Coefficient coefficient p
BDNF -6.818 -0.204 0.074
8-0hdG 0.087 0.302 0.009
Right-sided lesbn 0.193 0.191 0.081
Constant <0001

Mean serum BDNF level in depressed patients was
significantly lower (p <0.05) than in patients without
symptoms of depression. Serum MDA and 8-OlidG lev-
els were significantly higher (p <0.05) in the post-stroke
patients with symptoms of depression than in those
who did not have depression (Table 2).

'The correlation between BDNF level and post-stroke
depression was negative a”gjstatistically significant (p
<0.05). Conversely, MDA and 8-OhdG had a positive
correlation with post-stroke depression, which was also
statistically significant (p <0.05) (TableS).

As shown in Table 4, the variable with the strongest
correlation with post-stroke depression was 8-OhdG,
followed by BDNF, and MDA.

DISCUSSION
The statistical analysis of the basic characteristics of
the two groups returned a p-value higher than 0.05 (p
>0.05), indicating die groups were similar. The serum
BDNF level of the depressed post-stroke patients
was significantly lower than the post-stroke patients
without depression. Li’s 2016 study of 216 ischemic
stroke patients showed that a low' BDNF serum level
on hospital admission could serve as an independent
predictor of post-stroke depression at three-month
follow-up.2A meta-analysis also showed a low'er BDNF
level in post-stroke depression patients.23

The survival and development of neuron cells in
the central nervous system are regulated by numerous
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extracellular factors, among w'hich are neurotrophins.
One of tlie neurotrophins in the BDNF, which facilitates
the growth and sustainability of nerve cells, modulates
synapse response and is responsible for synapse plas-
ticity.2' A recent study showed that failure of synapse
neuroplastidty (neurogenesis, axon branching, den-
dritogenesis, and synaptogenesis) in particular regions
of the brain, especially the hippocampus, is the main
pathophysiological factor in depression. This failure is
closely related with changes in neurotrophins like BDN1(
responsible for synapse plasticity.25

Decreased mRNA BDNF expression in the hippo-
campus and prefrontal cortex (PFC) was observed in a
depressed animal model. In chronic ischemic cases, die
sensitivity and density of the glucocorticoid receptor
decreases as a result of the continuous increase in blood
cortisol. The high level of cortisol causes atrophy and
decreases synaptic density in the hippocampus, effec-
tively decreasing the neurotransmitter release regulated
by BDNF, eventually leading to disorders in learning,
memory, and odier cognitive functions, besides caus-
ing depression.8

Lipid peroxidation can be measured using several
markers, including MDA, which is more stable relative to
other biomarkers. MDA is the main product of lipid per-
oxidation, and increases in major depression patients.27
Several studies have reported that free radicals are also
involved in depression pathophysiology.772i",

This study observed higher MDA levels in the
depressed post-stroke group compared to the group
wdthout depression (p = 0.024). This is due to the vul-
nerability of brain tissue to oxidative stressors, given its
high oxygen consumption and the high PUFA content
of brain tissue. Both these factors increase toxic peroxi-
dation lipid production, which can kill many types of
cells.12 Liu observed a correlation of high MDA levels
in acute (< 24 hours) stroke with 1-month post-stroke
depression, especially in minor stroke cases.”7

Besides high MDA lgels, the present study also
observed higher serum 8-OhdG levels in post-stroke
patients with depression (p <0.001). 8-OhdG is one of
the markers of nuclear and mitochondrial DNA dam-
age due to oxidative stress. This type of DNA damage
is knowm to cause dysfunction of the blood-brain bar-
rier and can eventually lead to cel degeneration and
apoptosis.®

The role of 8-OhdG in the pathophysiology of post-
stroke depression is as yet unclear, but several theories
propose that it couldbe caused by an imbalance between
pro-oxidants and antioxidants. The ROS increase in the
brain during hypoxic conditions causes excessive oxi-



dation to lipids and proteins and damages the DNA
of nerve cells. Prolonged oxidative stress can lead to
dysregulation in the hypothalamus-pituitary-adrenal
axis, one of the main stress regulating systems. 4 Life-
style, | |ge smoking, and dysregulation in the hypothal
amus-pituitary-adrenal axis have all been reported in
depression cases. A combination of these factors can be
considered the main mechanism of post-stroke depres-
sion. 123081 Liu’s study also found that elevated 8-OhdG
in the acute phase was correlated with one-month post-
stroke depression,BThese arguments imply that periph-
eral 8-OhdGlevels can serve as an indicator ofthe oxida-
tive process in the brain.30

In this study, it was found that MDA serum level was
significantly higher in the post-stroke depression group
than in the non-depression group (p®0.024). Brain is
a vulnerable tissue that can be easily damaged by oxi-
dative stress, because brain tissue metabolism needs a
high amount of oxygen and is rich in polyunsaturated
fatty add/(PUPA). This damage causes lipid peroxidation
and leads to the death of various types of cells. There
are several markers used to measure lipid peroxida-
tion process, of which malondialdehyde is one of the
more stable. Malondialdehyde is tire main product of
lipid peroxidation and its concentration increases in
patients with major depression. We also found signifi-
cantly higher 8-OhdG serum levels in die post-stroke
depression group compared to the non-depression group
(p= <0.001). Therole of 8-OhdG in post-stroke depres-
sion is still a question of debate. Some of the recent
theories suggest that 8-OhdG s role in post-stroke
depression correlates with pro-oxidant-antioxidant
imbalance. Hypoxemia increases ROS level in the brain.
The increasing level of ROS causes lipid peroxidation,
protein peroxidation and neuronal DNA damage. Over-
all, this pathophysiology can be considered the main
mechanism inducing post-stroke depression. 8-hydroxy
2-deoxy guadenosine is one of the products of DNA and
mitochondrial damage product, rendering it an oxida-
tive stress process marker. Multiple analysis of the three

REFERENCES

Hackett ML arid P»ckges K. Part L frequency of depression after stroke:
an updated systematic review and meta-anaiysls of observation#
studies, IntJ Stroke. 2014,-9(8}: 1017-25.

2. OjagDerria A. Akmyemb R ana Baiyewu 0. A conipr-ertens.ve neuroreha-
OMatfon program should be an integral part of a comprehensive stroke
©enter. Neuro Rehatattatson. 2014;34s3|:455-6" .

3. BssC. ZhaoV ana Egede LE. Depression and increased risk of death in
adults wsth stoke. J Payeftosom Res. 2010:68(6);545-5'

4. Feng C, Fang M andLii XY. The Neurabofogicai pamogenesss of post-
0 . *e depression. Sci World J. 2014:521343; ?-8.

5. M&si3. and Brovodani. P. The hippocampus, neutohophtc factors and

Dement Neuropsychot 2020 March; 14(1jt41-46 m

main variables showed that 8-OhdG serum level had the
highest correlation with post-stroke depression , fol-
lowedby BDNF and MDA. This result suggests that DNA
damage, due to the oxidative process in the acute phase
of stroke, is more sensitive as a marker of the sever-
ity of the damage. A previous study also reported that
8-OhdG levels in the acute phase of stroke infarction are
an important marker of the severity of brain damage
due to oxidative processes.

This study has several limitations in that it did not
analyze other factors that may contribute to depression,
such as lesion size, inflammation, neurotransmitter fac-
tors or comorbidities.

In conclusion, this study observed that BDNF seg”n
level has a negative correlation, while serum MDA and
8-OhdG levels have a positive correlation with depres-
sion one-month post-stroke. 8-OhdG is the factor that
most strongly correlates with post-stroke depression.®

Author contributions. The authors have contributed to the
manuscript preparation, conceptualization and revision.

Ethical approval. All procedures performed in studies
involving human participants were in compliance with
the ethical standards of the Ethical Committee of the
Medicine Faculty, Andalas University, Padang (certifi-
cate number: 511/KEP/FK/2018) and with the 1964
Helsinki declaration and its later amendments or
comparable ethical standards.

Informed consent. Informed consent was obtained from
all individual participants included in the study.

Funding. This study was funded by the Andalas Univer-
sity (KRP2GB-PTU-Unand) (contract no: 11/UN.16.17/
PP.PGB2/LPPM/2018).

Acknowledgments. The authors gratefully thank the
Andalas University (KRP2GB-PTU-Unand) for facili-
tating this study.

depression: Possible implications for the pharmacotherapy' of depres-
sion CNS Drugs. 201" :25ftn.913-31.

6.  Autry AE and Mcnteggia LM. Brain-derived neurotrophic factor and
neiropsycbiatric disorders. Pharmacol Rev. 2012:64(21:238-58.

?.  Chen HH. Zhang N. UWY, Fang MR Zhang H. FangYS. et a. Over-
expression of bran-derived neurotrophic facte» m the hippocampus
protects against post-stroke depression. Naira! Regen Res. 2015:10t9):
1427-32.

8. Maroa K. aid Mattson MR BDNF mediates adaptive brain arid body
responses to energefic chafenges Trends Endocrinol Metab. 2014;
25(2):89-98.

Syabhita et at. Post-stroke depression 45



10.

18.

20.

46

Dement Neuropsychol 2020 March;14<1):41 -46

Hashfmoto. K. BratvCfef'ved 'neurotrophic factor as a btemarker for
mooa dsorcters: an historical over *w; ana future erections. Psychiatry
Cist Nauroset 2010:64141:341-57
Pikuia A. Beiser AS, Chen TC. Press SR. Vorgas D. DeCarti C. et ai
Serum brain-derived neurotrophic facto? and vascular endothelial growth
factor levels am associated w 'th risk of stroke and vascular bran injury
framingham study. Stroke. 2013:441101:2768-75.
Mozaffanan D. Benjamin EJ. Go AS. Arnetts DK, Balm Mi. Cushman M.
et al. Hsah disease and stroke statistics-2015 update. a report from the
American Heart Association. Circulation. 2015:131'4;:*¥29-322.
Gugtiefmotto M, QKbenoi. Tamagno L andTabaton M. OxsMk/e stress
mediates the pathogene effect of different Atzhesners cfcsease rsk
Btor& FrontAging Neurosci. 2010;2:1-8.
Maes M, Galecki P. ChangYS and Berk M. A r«view on the oxidative and
nlfosatwe stress pathways in major depression and their possible e mt? -
bgicn to the neurodegenerative process In that illness. Prog Neutopsy-
g”~pharmacoi Boi Psychiatry. 205 1;35{3)«?6-82.
Black CN. Bot M. Scheffer PG. Cui|pe*s P an:: Pennhx BW. Is
&onassociated wvih increased oxidative stress? A systematic review and
msta-sriafysis. Payctoneutoendocrinotogy. 20t 5:5’ :"64-75.
Mazereeuw G. Herrmann N. Andreazza A. Khan M aid LanctOt KL. A
meta-analysis of Sp«J peroxidation markers in major depression. Neuro-
psychiatr Dts Treat. 2015; 11:24?9-§’
Wigner R Czarny P Gaiecki P and Siiwioski T. Oxidative and nitrosa-
tive stress as well as the tryptophan catabofetes pathway in depressive
disorders. Psychatr Danubma. 2017;29(4k394-4QG.
Liu 2, Zhu Z, Zhao J, Ren W. CaiY. Wang Q. et al. Metondsa&ehycte: A
novel predictive btomarker for post-stroke depression. J Afreet Disord.
2017:220:95-101.
Rybka JK. Kedztora-Kom~owska K. BanaS-Letaiska P. Maj-sterek .
Carvalho LA Caitaneo A et al, interplay between the pro-cxdent aid
antioxidant systems and proinflammatory cytokine levels, in relation to
metabolism and the erytfion in depression. Free Radc Bid Med.
37B3:187-%4.
Hsieh YW. tin KC, Korivi M. Lee TH. Wu CY and Wu KV. The ratiatoify
and predictive abilityof a btomarker of oxidative DNA damage on fw <
tiooa! outcomes after stroke <ehat>iitaton. lot J Mol Set 2C14:?5(4J:
6504-'6.
Di Mhno A. Turnu L. Porro B, Squettenc L Cavaiea V. Tremoi; E and
Di Mnno MN. 8-Hydmxy-2 -Deoxyguanosrie levels and carcfeovasaiar
disease: A systematic review and meta-analysis of the fterature. Antroxid
Redox Signal. 2018;24{i0}:548-55.

Post-stroke depression Syafrita et al.

21.

22.

23.

24,

25.

26.

27.

28

29.

30.

31.

32.

Chen CY. Chen CL. Yang YR Ho H and Tseng WC. Postst«oke Depres-
sive Symptoms Are Associated with Increased Oxidative Deoxyribonu-
cleicAoa Carriage. J Neuropsychiatry C8n Neuroso 2018:30(2):139-44.
U j. Ziiao YD. Zeng JW. Chen XY Wang RD and Cheng SY. Serum
Brain-derived neurotrophic factor levels in post-stroke depression. J
Affect Disord. 2014;168:373-9.

Noonan K. Carey LM aid Giewther SG. Meta-analyses «ideate associa-
tions between neuroendocrine activation. deactivation <neurotrophic
and neuioimagsig markers in depression after stroke. J Stroke Cere-
brovasc »s. 2013;22(7i:e 124-35.

Huang EJ and Reicharat LF Neufotrophhs: roles in neuronal develop-
ment and function. Amu Rev Neurosci. 2COL24:577-736.

Masi G and Brovedani F. The hippocampus, nairouopfic factors and
depression: Possible applications for the pharmacotherapy of depres-
sion. CNS Drugs;20!l;25i:i M:3?3-3t.

Zhang ZH. Wu LN. Song JG ana Li WQ. Correlations between cogni-
tive impairment and brain derived neurotrophic factor expression in the
hippocampus of post-stroke depression rats. Moi Med Rep. 2012:6:
88.3-33.

Rybka JK. titedzora-Kornatowska K. Bana*-Lef»teka P. Masaforek 1
Carvafrto LA. Cattaneo A. et al Interplay between the pro-oxdant and
antioxidant systems and prexfiftemmatory cytokhe levels. in relation to
iron metabolism and the e?ytnron in depression. Free RacSc Bio! Med.
§§13;83:1B7-94.

Lacoaret B ana Maes M. Mechanistic aa>iaiatto?ts how ceB-medi-
ated «nmune activation, mflammaiibft and oxidative aid narosative
stress pathways aid the» sequels and concomitants pay a rote m
the pgjtophysiology of unipotar depression. Neurons BobefBv Ra*.
2012:73:764-85

Ls1Z. CaiY ano: He J. High serum levels of 8-OHdG are an «ictependent
preaietor of post-stroke depression in Chinesestroks survivors. Neuio-
pSyChiat' DisTeat. 2018:14:587-96

bu H. Uno M. Kitazato KT. Suzue A. htenabe S. Yamasaki H. et at
Penphera! cxidatfee bomarkers. constitute a valuable sndcator of the
seventy of 'Cptidative bran damage h acute cerebral infarction. Bran Res.
2004:1025(1-21:43-50

Nabiwi SF. Dean OM. Turner A. Sureda A. Dagfo M ancf titabavi SM.
Oxidative stress and post-stroke depression: Possible therapeutic tale
of polypdenote? Curr MedChem. 2015:22(3):343-51.

Wftherefl HL. Haft RA. Repbgie M and Parsomet J. Heicobacter pylori
ritection and urnary excretion of S-h,'tSrcxy-2-decxyguanossne. an
oxefatere Df4A attotect. Cancer Epidemi Bomarkers Prev. 1998:7:9?-6.



Relationship of brain-derived neurotrophic factor,
malondialdehyde and 8-hydroxy

ORIGINALITY REPORT

3%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

pesquisa.bvsalud.org

Internet Source

5%

www.frontiersin.org

Internet Source

3%

www.dovepress.com

Internet Source

3%

Exclude quotes On Exclude matches <3%

Exclude bibliography Off


http://www.frontiersin.org
http://www.dovepress.com

