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Objective(s): Exposing	 to	 stress	 may	 be	 associated	 with	 increased	 production	 of	 reactive	 oxygen	
species	 (ROS).	 Therefore,	 high	 level	 of	 oxidative	 stress	may	 eventually	 give	 rise	 to	 accumulation	 of	
oxidative	damage	 and	development	of	 numerous	neurodegenerative	diseases.	 It	 has	been	presented	
that	 brain‐derived	neurotrophic	 factor	 (BDNF)	 supports	neurons	 against	 various	neurodegenerative	
conditions.	Lately,	there	has	been	growing	evidence	that	changes	in	the	cerebral	neurotrophic	support	
and	 especially	 in	 the	BDNF	expression	 and	 its	 engagement	with	ROS	might	 be	 important	 in	 various	
disorders	and	neurodegenerative	diseases.	Hence,	we	aimed	to	investigate	protective	effects	of	BDNF	
against	stress‐induced	oxidative	damage.		
Materials and Methods:	Five‐	to	six‐month‐old	male	wild‐type	and	BDNF	knock‐down	mice	were	used	
in	this	study.	Activities	of	catalase	(CAT)	and	superoxide	dismutase	(SOD)	enzymes,	and	the	amount	of	
malondialdehyde	(MDA)	were	assessed	in	the	cerebral	homogenates	of	studied	groups	in	response	to	
acute	restraint	stress.	
Results:	Exposing	to	acute	physiological	stress	led	to	significant	elevation	in	the	markers	of	oxidative	
stress	in	the	cerebral	cortexes	of	experimental	groups.	
Conclusion:	As	BDNF‐deficient	mice	were	observed	to	be	more	susceptible	to	stress‐induced	oxidative	
damage,	 it	 can	 be	 suggested	 that	 there	 is	 a	 direct	 interplay	 between	oxidative	 stress	 indicators	 and	
BDNF	levels	in	the	brain.		
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Introduction	
Recent	 studies	 have	 suggested	 that	 exposure	 to	

physiological	or	psychological	stress	is	related	to	the	
formation	 of	 reactive	 oxygen	 species	 (ROS),	 which	
induce	 the	 accumulation	 of	 oxidative	 damage	 to	
biomolecules	 in	 the	 brain,	 ultimately	 causing	 many	
neurodegenerative	 diseases	 (1‐3).	 The	 brain	 is	
particularly	vulnerable	to	oxidative	process	due	to	its	
decreased	level	of	antioxidants	and	increased	level	of	
ROS	(1).	Oxidative	stress	occurs	when	an	unbalance	
is	 developed	 between	 production	 of	 ROS	 and	
defensive	 cellular	 antioxidant	 activity.	 In	 human	
disease,	this	balance	of	oxidant–antioxidant	is	shifted	
for	 the	 benefit	 of	 the	 reactive	 species,	 thus													
oxidative	damage	levels	 increase	(4).	This	event	has	
a	 substantial	 contribution	 to	 tissue	 injury,	 and	
provides	 appropriate	 circumstances	 for	 examining	
the	 effects	 of	 various	 cell	 protecting	 factors	 and	
antioxidants.	

Brain‐derived	 neurotrophic	 factor	 (BDNF)	 has	 a	
fundamental	 role	 in	 the	 survival	 of	 neuronal	 cells,	

adjustment	 of	 brain	 synaptic	 plasticity,	 and	 neural	
integrity	 and	 connectivity	 (5‐7).	 Having	 a	 crucial	
function	 in	 neuronal	 processes,	 BDNF	 has	 been	
intensively	 studied	over	 the	 last	decade.	Changes	 in	
the	 levels	 and	 activities	 of	 BDNF	may	 contribute	 to	
impaired	 neuronal	 development,	 neuroplasticity												
and	 synaptic	 connectivity,	 leading	 to	 a	 number	 of	
neurodegenerative	 disorders	 (8‐11).	 Moreover,	
BDNF	 and	 its	 interaction	 with	 ROS	 may	 be	 crucial		
for	 several	 symptoms	 of	 neurodegenerative	 and	
neuropsychiatric	 abnormalities.	 In	 parallel	 with	 its	
roles	in	maintaining	neuronal	plasticity	and	integrity,	
several	 studies	 provide	 pilot	 data	 supporting	 a	 role	
for	BDNF	in	stress	and	stress‐related	disorders	(12‐
16).	 Furthermore,	 decreased	 expression	 of	 BDNF	 is	
implicated	 in	 the	 sensitivity	 to	 stress	 and	 enhanced	
stress	responses	(17,	18).	Findings	have	shown	that	
BDNF	 heterozygous	 mice	 are	 more	 vulnerable	 to	
stress	 than	 control	 mice,	 displaying	 behavioural	
desperation	 after	 mild	 handling	 stress	 (19).	
However,	the	possible	interaction	between	BDNF
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and	 oxidative	 stress	 in	 response	 to	 harmful	 stimuli	
or	stressful	condition	that	induce	oxidative	stress	has	
not	 yet	 been	 demonstrated.	 Therefore,	 a	 very	
fundamental	 question	 is	 still	 to	 be	 answered:	 If	 the	
BDNF	 expression	 levels	 and	 oxidative	 stress	
biomarkers	 are	 in	 a	 causative	 relation,	 does	 a	
decrease	in	BDNF	concentration	in	the	brain	causes	a	
change	 in	 the	 oxidative	 stress	 status	 under	 normal	
and	 stressful	 circumstances?	 In	 order	 to	 highlight	
this	 issue,	 in	 the	 present	 study,	 we	 compared	 the	
superoxide	 dismutase	 (SOD)	 and	 catalase	 (CAT)	
antioxidant	 enzyme	 activities,	 and	malondialdehyde	
(MDA)	 levels,	 as	 a	 sign	 of	 lipid	 peroxidation	 in	 the	
brain	 tissue	 of	 BDNF	 heterozygous	 and	 wild‐type	
mice	in	response	to	acute	restraint	stress.		

	
Materials	and	Methods	
Animals	

All	the	animal	protocols	were	approved	by	the	Local	
Institutional	 Animal	 Care	 and	 Use	 Committee	 of	 the	
Faculty	 of	 Medicine,	 Karadeniz	 Technical	 University,	
Turkey.	Male	mice	at	age	of	5	to	6	month	old	(n=8	for	
each	experimental	group)	were	used	in	this	study.	The	
transgenic	mouse	model	was	characterized	by	 lacking	
one	of	the	BDNF	coding	alleles	and	first	established	by	
Korte	 et	 al	 (20).	 Wild‐type	 littermates	 were	 used	 as	
controls.	The	existence	of	the	transgene	was	verified	by	
polymerase	chain	reaction	(PCR)	 from	tail	 tissue	(21).	
Both	 control	 (WT)	 and	 BDNF	 	 heterozygous	 	 (BDNF	
(+/‐))	mice	were	divided	into	unstressed	and	stressed	
groups.	Mice	in	the	stressed	groups	were	subjected	to	
immobilization	stress	for	2	hr.		
	
Acute	restraint	stress	protocol		

The	 animals	 in	 stress‐treatment	 groups	 were	
individually	 held	 in	 well‐ventilated	 50‐ml	
polypropylene	centrifuge	tube	for	2	hr.	The	tube	was	
large	enough	to	restrain	a	mouse,	allowing	it	to	move	
its	 extremities	 and	 head,	 but	 not	 to	move	 back	 and	
forth.	Control	mice	were	left	in	the	home	cages.	
	
Corticosterone	assay	

For	measurement	 of	 corticosterone	 levels,	 trunk	
blood	 was	 collected	 immediately	 after	 the	
immobilization	 stress	 test,	 and	 serum	 was	 then	
separated	 by	 centrifugation	 and	 stored	 at	 –	 80	 C.	
The	 Corticosterone	 ELISA	 kit	 (Cayman	 Chemical	
Company,	 USA)	 was	 used	 according	 to	 the	
manufacturer’s	 instructions	 to	 measure	
corticosterone	concentration.		
	
Sample	 collection	 and	 preparation	 of	 tissue	
homogenates	

Mice	were	 sacrificed	 by	 cervical	 dislocation	 and	
the	 brains	were	 quickly	 removed.	 The	 brain	 tissues	
containing	 only	 cerebral	 cortex	were	 collected,	 and	
then	 100	mg	 tissue	was	 immediately	 homogenized.	
The	tissue	homogenate	was	centrifuged	at	3000	rpm	

for	 10	 min	 and	 the	 supernatant	 was	 utilized	 for	
different	 estimations.	 Protein	 amount	 in	 brain	
homogenates	was	measured	according	to	the	method	
of	Bradford	(22).	
	
Malondialdehyde	assay	

MDA	levels	in	brain	samples	were	measured	by	the	
method	 of	 Uchiyama	 and	 Mihara	 (23).	 This	 method	
depends	 on	 the	 formation	 of	 MDA	 as	 an	 indicator	 of	
lipid	peroxidation,	which	reacts	with	thiobarbituric	acid	
producing	 thiobarbituric	 acid	 reactive	 substances	
(TBARS),	measured	spectrophotometrically	at	532	nm.		
	
Superoxide	dismutase	activity	assay	

Activity	 of	 SOD	 enzyme	 was	 evaluated	 by	 the	
method	of	Sun	et	al	(24).	The	analysis	of	SOD	was	based	
upon	 the	 principle	 in	 which	 xanthine	 reacts	 with	
xanthine	 oxidase	 to	 produce	 superoxide	 radicals.	 The	
SOD	activity	is	measured	by	the	level	of	suppression	of	
this	reaction.	Results	were	expressed	as	U/mg	protein.	
	
Catalase	activity	assay	

Catalase	 enzyme	 activity	 was	 evaluated	 using	 a	
spectrophotometric	 test	 based	 on	 the	 yellow	
complex	 with	 molybdate	 and	 hydrogen	 peroxide,	
which	was	described	in	detail	by	Goth	(25).		
	
Statistical	analyses	

Statistical	significance	was	determined	using	one‐
way	 ANOVA,	 following	 by	 post	 hoc	 Tukey	 test.	 The	
data	 are	 expressed	 as	 mean	 ±	 standart	 error	 (SE).	
Results	were	acknowledged	statistically	significant	at	
P‐value	<	0.05.		
	
Results		

Stress	 exposure	 markedly	 increased	 serum	
corticosterone	 levels	 compared	 with	 unstressed	
control	 groups	 (P	 <0.001,	 Figure	 1).	 BDNF	 (+/‐)‐
stressed	 mice	 had	 higher	 serum	 corticosterone	
concentration	(16867.29	±	350.88	pg/ml)	 than	WT‐
stressed	ones	(14167.46	±	433.16	pg/ml)	(P	<0.001).		

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
Figure	 1.	 Effect	 of	 acute	 immobilization	 stress	 on	 serum	
corticosterone	 concentration	 of	 control	 (WT)	 and	 BDNF	
heterozygous	(BDNF	(+/‐))	mice.	Data	represent	the	mean	±	SE	for	
8	animals	in	each	group.	*	P	<0.001	vs.	WT	group	and	#	P	<0.001	
vs.	WT‐Stress	group.	
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Figure	2.	Effect	of	acute	restraint	stress	on	MDA	levels	in	the	cerebral	
cortex	of	control	(WT)	and	BDNF	transgenic	(BDNF	(+/‐))	mice.	Data	
represent	 the	 mean	 ±	 SE	 for	 8	 animals	 in	 each	 group.	 *	 P	 <0.05,																		
**	P	<0.001	vs.	WT	group	and	#	P	<0.05	vs.	WT‐Stress	group.	

	
Lipid	peroxidation	can	be	used	as	an	indicator	of	

oxidative	 damage	 in	 cells	 and	 tissues	 (26).	 In	 the	
present	 study,	 we	 examined	 the	 level	 of	 lipid	
peroxidation	in	brain	extracts	to	evaluate	differences	
in	 oxidative	 stress	 triggered	 by	 immobilization	
stress.	 Our	 results	 showed	 that	 there	 was	 no	
significant	 difference	 in	 MDA	 content	 between	
unstressed	 control	 and	 BDNF	 heterozygous	 groups	
(12.75	±	0.61	M/mg	tissue	and	13.86	±	0.98	M/mg	
tissue,	 respectively)	 (Figure	 2).	 On	 the	 other	 hand,	
MDA	 values	 were	 significantly	 increased	 in	 the	
groups	exposed	to	acute	stress	(16.82	±	1.01	M/mg	
tissue	 for	WT‐Stress	 group	 and	20.88	±	 1.2	M/mg	
tissue	 for	 BDNF	 (+/‐)‐Stress	 group)	 compared	with	
the	control	group.	Furthermore,	MDA	levels	of	BDNF	
(+/‐)‐Stress	 group	 were	 found	 to	 be	 significantly	
higher	than	WT‐Stress	group	(P	<0.05,	Figure	2).		

The	 SOD	 and	 CAT	 enzymes	 are	 important	
components	 for	 the	 cellular	 defense	 system	 against	
free	radicals.	SOD,	which	catalyzes	the	breakdown	of	
superoxide	 into	 hydrogen	 peroxide	 and	 molecular	
oxygen,	 is	 an	 important	 antioxidant	 defence	 in	
almost	 all	 living	 cells	 exposed	 to	 oxygen	 (1,	 27).	
Again,	 CAT	 plays	 fundamental	 role	 in	 the	 cellular	
defence	 against	 oxidative	 stress	 by	 catalyzing	 the	
decomposition	 of	 hydrogen	 peroxide	 to	 water	 and	
oxygen	(1,	28).	Although	there	was	a	slight	 increase	
in	 SOD	 activity	 of	 wild‐type‐stressed	 animals,	 no	
significant	 change	 was	 detected	 in	 enzymatic	
antioxidant	 SOD	 activity	 among	 studied	 groups	
(Figure	3).		

There	 was	 not	 a	 statistical	 significance	 in	 CAT	
activity	 between	 wild‐type	 and	 BDNF	 heterozygous	
mice;	 16.62	 ±	 0.35	 U/mg	 protein	 and	 17.46	 ±	 1.03	
U/mg	 protein,	 respectively	 (Figure	 4).	 Immobilization	
stress	remarkably	elevated	brain	levels	of	CAT	enzyme	
activity	with	respect	to	the	control	group	(23.72	±	1.16	
U/mg	 protein	 for	WT‐Stress	 group	 and	 20.15	 ±	 0.15	
U/mg	protein	 for	BDNF	(+/‐)‐Stress	group).	However,	
the	increase	in	CAT	activity	of	BDNF	(+/‐)‐Stress	group	
was	 significantly	 lower	 compared	 to	 the	 WT‐Stress	
group	(P	<0.05,	Figure	4).			

	
	
Figure	3.	 Effects	 of	 acute	 restraint	 stress	 on	 SOD	 activity	 in	 the	
brain	 cortexes	 of	 control	 (WT)	 and	 BDNF	 heterozygous	 (BDNF	
(+/‐))	 mice.	 The	 results	 are	 expressed	 as	 the	 mean	 ±	 SE	 for	 8	
animals	in	each	group.	

	
Discussion	

The	 target	 of	 this	 research	was	 to	 scrutinize	 the	
effect	 of	 acute	 immobilization	 stress	 on	 oxidative	
stress‐associated	 changes	 such	 as	 stress‐related	
determinants,	 lipid	 peroxidative	 activity	 and	
enzymatic	 antioxidant	 systems	 in	 BDNF‐deficient	
mice.	 In	 the	 brain	 cortex	 of	 this	 animal	 model,	 the	
expression	of	BDNF	levels	was	shown	to	be	reduced	
by	 nearly	 50%	 (29).	 The	 results	 of	 our	 study	
indicated	 that	 there	 is	 no	 significant	 difference	 in	
oxidative	 stress	 biomarkers	 between	 BDNF	
heterozygous	 and	 wild‐type	 cerebral	 cortexes	 of	
mice	 that	 did	 not	 undergo	 stress.	 This	 finding	
suggests	 the	 possibility	 that	 the	 levels	 of	 BDNF	
expression	 in	 heterozygotes	 are	 sufficient	 to	
maintain	 oxidative	 homeostasis	 under	 non‐stress	
conditions.	Moreover,	it	is	also	conceivable	that	lack	
of	 change	 in	 oxidative	 markers	 may	 be	 due	 to	
signaling	 by	 other	 growth	 factors	 that	 compensate	
the	 effects	 of	 reduced	 BDNF	 under	 normal	
physiological	conditions.		

	
	

	
	
Figure	4.	 Effects	 of	 acute	 restraint	 stress	 on	 CAT	 activity	 in	 the	
brain	 cortex	 of	 control	 (WT)	 and	 BDNF	 transgenic	 (BDNF	 (+/‐))	
mice.	The	results	are	expressed	as	the	mean	±	SE	for	8	animals	in	
each	group.	*	P	<0.05,	**	P	<0.001	vs.	WT	group	and	#	P	<0.05	vs.	
WT‐Stress	group	
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The	 increased	 serum	 corticosterone	 level	 in	
stressed	 group	 is	 in	 accordance	 with	 previous	
studies	(30‐33)	showing	that	serum	corticosterone	is	
an	important	indicator	of	stress.	BDNF	(+/‐)‐stressed	
mice	had	higher	serum	corticosterone	concentration	
than	WT‐stressed	ones,	which	indicated	that	the	lack	
of	BDNF	enhanced	stress	response.	It	is	reported	that	
exposure	 to	 glucocorticoids	 or	 stress	 may	 cause	
oxidative	injury	in	various	tissues	(34).	

Restraint/immobilization	 stress	 was	 demons‐
trated	 to	be	a	good	model	 for	psychological	 (escape	
reaction)	 and	 physical	 (muscle	 work)	 stress‐
meditated	 alterations	 in	 the	 balance	 of	 oxidant–
antioxidant	 in	 brain	 tissue	 (30,	 35,	 36).	 Under	
oxidative	 stress	 conditions,	 polyunsaturated	 fatty	
acids	 can	 undergo	 lipid	 peroxidation	 to	 form	
complex	 cytotoxic	 reactive	 aldehyde	 species	 that	
may	 lead	 to	 abnormal	 neuronal	 functions	 through	
their	ability	to	react	with	biomolecules	(1,	37,	38).	In	
the	present	study,	exposure	of	mice	to	acute	restraint	
stress	 enhanced	 brain	 lipid	 peroxidation	 levels	
compared	 with	 the	 control	 group.	 Increase	 in	 lipid	
peroxidation	 was	 more	 evident	 in	 the	 mice	 with	
BDNF	deficiency.	Parallel	to	our	findings,	it	has	been	
demonstrated	 that	 oxidative	 stress	 may	 rise	 up	
where	 BDNF	 is	 found	 to	 be	 decreased.	 It	 has	 been	
previously	shown	that	there	is	a	substantial	negative	
correlation	among	serum	TBARS	and	BDNF	levels	in	
subjects	 with	 acute	 mania	 (39).	 Contrary	 to	 these	
results,	a	positive	correlation	between	serum	TBARS	
and	 BDNF	 was	 observed	 in	 chronically	 mediated	
patients	with	schizophrenia	(40).	

The	 antioxidant	 enzyme	 system	 acts	 as	 the	 first	
line	of	antioxidant	defense.	Combination	of	SOD	and	
CAT	anti‐oxidative	effects	is	supposedly	sufficient	to	
remove	 superoxide	 anions	 and	 hydrogen	 peroxide	
and	 protect	 cells	 against	 reactive	 hydroxyl	 radicals	
(1,	41).	 In	our	study,	 the	activity	of	 the	key	enzyme	
CAT	 was	 upregulated	 significantly	 in	 response	 to	
stress.	However,	 the	 increment	 in	antioxidative	CAT	
enzyme	activity	was	less	pronounced	in	the	brain	of	
BDNF	 heterozygous	 mice	 with	 respect	 to	 the	
stressed	wild‐type	animals,	indicating	that	the	ability	
to	 scavenge	 free	 radicals	 was	 diminished.	 In	 other	
words,	 these	 changes	 suggest	 the	 possibility	 that	
normal	wild‐type	mice	have	a	better	stress	tolerance	
than	BDNF	heterozygous	mice.	Although	there	was	a	
slight	 increase	 in	 SOD	activity	 of	wild‐type‐stressed	
animals,	we	failed	to	find	any	significant	alteration	in	
enzymatic	 antioxidant	 SOD	 activity	 among	 studied	
groups.	 The	 possible	 impairing	 effect	 of	
corticosterone	 on	 brain	 antioxidant	 capacities	 may	
be	causal	 factor	 in	 the	unchanged	SOD	activity	(30).	
Recently,	Zhang	et	al	reported	a	significant	reduction	
in	 BDNF	 serum	 levels	 as	 well	 as	 in	 plasma	
antioxidant	 SOD	 enzyme	 activity,	 and	 a	 significant	
increase	 in	 plasma	 MDA	 levels	 of	 subjects	 with	
chronic	 schizophrenia.	 Moreover,	 the	 CAT	 activity	

has	been	shown	to	be	unchanged	(42).	However,	it	is	
still	 uncertain	 whether	 peripheral	 BDNF	 levels	 and	
oxidative	 stress	 markers	 reflect	 similar	 changes	 in	
the	 central	nervous	 system.	 In	 contrast,	 some	other	
investigators	 did	 not	 find	 any	 difference	 in	 SOD	
activity	between	patients	and	controls	(43);	or	even	
increased	antioxidant	defense	in	schizophrenia	(44).	
In	 our	 study,	 the	 elevation	 of	 antioxidant	 CAT	
enzyme	 activity	 suggests	 that	 acute	 immobilization	
stress	could	have	increased	ROS	production	in	brain.	
This	 result	 brings	 up	 the	 prospect	 that	 hydrogen	
peroxide	 level	 is	 higher	 in	 the	 brain	 of	
immobilization‐stressed	 group	 than	 in	 the	 control	
animals.	

Finally,	 according	 to	 our	 results,	 endogenous	
defense	mechanisms	against	ROS	were	less	effective	to	
suppress	the	oxidative	damage	in	BDNF‐deficient	group	
exposed	 to	 stress.	 Taken	 all	 together,	 our	 findings	
suggest	the	possibility	that	the	neuroprotective	effect	of	
BDNF	 may	 in	 particular	 involve	 the	 suppression	 of	
oxidative	 impairment.	 While	 we	 have	 demonstrated	
that	BDNF	protects	 against	oxidative	 damage	 induced	
by	immobilization	stress	in	mice,	the	exact	mechanism	
of	 action	 of	 BDNF	 is	 still	 largely	 unknown.	 Hence,	
further	studies	are	needed	to	assess	the	effects	of	BDNF	
on	 the	 expression	 of	 stress‐related	 proteins	 such	 as	
p38,	p53,	and	heat	shock	proteins	(HSP)	to	support	our	
findings.	

	
Conclusion	

The	results	of	 this	study	allow	us	 to	hypothesize	
that	 there	 is	 direct	 interaction	 between	 oxidative	
stress	 biomarkers	 and	 BDNF,	 as	 downregulation	 of	
BDNF	 increased	 sensitivity	 to	 oxidative	 damage	
under	stressful	circumstances.	
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