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Objective(s):	 	 Increasing	 cytokines	 and	 reactive	 oxygen	 species	 (ROS)	 during	 ischemia	 reperfusion	 		
(I‐R)	 leads	 to	 the	 lung	 damage.	 Adalimumab	 (Ada)	 is	 a	 potent	 tumor	 necrosis	 factor‐alpha	 (TNF‐α)	
inhibitor	 agent.	 We	 aimed	 to	 evaluate	 whether	 Ada	 would	 prevent	 the	 lung	 tissue	 from	 damage	
development	over	the	I‐R	process.	
Materials and Methods:	Twenty	 seven	Wistar	albino	male	 rats	were	divided	 into	 three	groups	 (each	
group	had	9	 rats).	To	 the	 control	 group,	only	 laparotomy	procedure	was	 carried	out.	 For	 I‐R	group,	
first	infrarenal	abdominal	aorta	was	cross‐clamped	during	2	hr,	and	then	reperfusion	was	performed	
for	2	hr.	To	I‐R+Ada	group,	first	a	single	dose	of	50	mg/kg	Ada	was	given	intraperitoneally	and	5	days	
later,	same	I‐R	procedure	was	carried	out.	
Results:	Levels	 of	TNF‐α,	malondialdehyde	 (MDA),	myeloperoxidase	 (MPO),	 endothelin‐1	 (ET‐1)	 and	
caspase‐3	enzyme	activity	of	I‐R	group	were	higher	than	that	of	both	I‐R+	Ada	[TNF‐α	(P=0.021),	MDA	
(P=0.029),	MPO	(P=0.012),	ET‐1	(P=0.036,	caspase‐3	(P=0.007),	respectively]	and	control	group	[TNF‐	
α	(P=0.008),	MDA	(P<0.001),	MPO	(P=0.001),	ET‐1	(P<0.001),	caspase‐3	(P<0.001),	respectively].	In	I‐
R	 group,	 severe	 damage	 was	 detected	 by	 hematoxylin‐eosin	 staining.	 This	 damage	 was	 found	 less	
severe	in	Ada	treatment	group.		
Conclusion:	The	release	of	cytokines	and	ET‐1	in	a	large	proportion	after	I‐R	injury,	and	generating	of	
ROS	in	excessive	quantity	could	cause	severe	damage	in	the	lung	tissue.	Ada	could	be	considered	as	a	
protective	agent	for	lung	tissue	during	I‐R	process.  
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Introduction	
Ischemia	 reperfusion	 (I‐R)	 induced	 acute	 lung	

injury	 seen	 often	 after	 lung	 transplantation	 and	
cardiac	 operations	 is	 one	 of	 the	 most	 important	
leading	 causes	of	 early	mortality	and	morbidity	 (1).	
Reperfusion	of	ischemic	tissues	could	lead	to	altered	
tissue	 barrier	 function	 and	 microvascular	 dysfunc‐
tion	 on	 account	 of	 local	 and	 systemic	 inflammatory	
response	(1).	Polymorphonuclear	leukocytes	(PMNL)	
and	reactive	oxygen	species	(ROS)	have	been	shown	
as	an	important	etiological	substrates	of	I‐R	induced	
acute	lung	injury	(1,	2).	

Having	rich	microcapillary	systems	of	lung	tissue	
is	 one	 of	 the	 further	 organs	 damaged	 by	 systemic	
injury	 developing	 during	 the	 I‐R	 process	 (3).	
Chemoattractants	 released	post‐IR	period	can	cause	
an	 increase	 in	 number	 of	 PMNL,	 macrophages	 and	
mononuclear	leucocytes,	and	this	consequently	leads		
an	increased	permeability	to	the	lungs	(4).				

Moreover,	 ROS	 and	 pro‐inflammatory	 cytokines	
like	 tumor	 necrosis	 factor‐alpha	 (TNF‐α)	 increased	
after	 reperfusion	 of	 ischemic	 tissues	 could	 cause	
microvascular	 dysfunction	 and	 local	 inflammatory	
response,	 loss	 of	 alveolar	 capillary	 barrier,	 intestinal	
and	 alveolar	 edema	 and	 lipid	 peroxidation,	 and	 thus	
this	process	ends	with	cell	death	(1,	2).	An	increase	in	
levels	 of	 malondialdehyde	 (MDA),	 a	 good	 marker	 of	
lipid	 peroxidation	 and	 oxidative	 stress,	 is	 correlated	
with	 tissue	 damage	 (3).	 Myeloperoxidase	 (MPO),	
released	by	active	neutrophils,	is	a	valuable	and	reliable	
marker	for	evaluating	neutrophil	infiltration	to	the	lung	
tissue	 (5).	 In	 addition,	 endothelin‐1	 (ET‐1),	 a	 highly	
potent	vasoconstrictor	peptide	released	by	endothelial	
cells,	 which	 is	 produced	 in	 response	 to	 acute	
inflammatory	stimuli	is	an	integral	component	of	the	
systemic	inflammatory	reaction	that	plays	a	crucial	
role	in	the	inflammatory	process	(1,	6).	Infusion	of	ET‐1	
causes	PMNL	sequestration	in	rat	lung	(7).	It	is	well‐ 
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documented	 that	 both	 ROS	 and	 increased	 cytokines	
would	 induce	 apoptosis	 by	 activating	 the	 caspase‐3	
enzyme,	and	thus	it	causes	tissue	damage	(8).	

Adalimumab	 (Ada)	 is	 a	 TNF‐	 α	 blocker	 that	 is	
used	 in	 Crohn	 disease	 (an	 inflammatory	 bowel	
disease)	 (9),	 rheumatological	 diseases	 such	 as	
rheumatoid	arthritis	and	ankylosing	spondylitis	(10)	
and	 psoriasis	 (11).	 It	 has	 high	 affinity	 to	 the	 both	
forms	 (soluble	 and	 transmembrane)	 of	 TNF‐α	 and	
consequently	 blocks	 TNF‐α	 from	 binding	 to	 its	
receptors	 (12).	 It	 has	been	 shown	 that	blocking	 the	
release	of	pro‐inflammatory	cytokines	like	TNF‐α	by	
infliximab	 and	 Ada,	 both	 TNF‐α	 blockers,	 could	
decrease	tissue	damage	during	I‐R	(13).	

In	this	study,	 the	 level	of	ET‐1	and	TNF‐α	as	two	
pro‐inflammatory	cytokines,	and	the	activity	of	MDA	
and	 MPO	 enzymes	 were	 measured	 to	 evaluate	 the	
role	of	generated	ROS	and	apoptosis	in	damaged	lung	
tissue	 during	 the	 I‐R.	 Also,	 we	 aimed	 to	 reveal	 the	
effects	 of	 Ada	 on	 these	 parameters	 and	 whether	 it	
did	play	a	preventive	role	in	lung	tissue	damage.			

	
Materials	and	Methods	
Animals		

A	total	of	27	male	Wistar	albino	rats	with	a	mean	
weight	of	250	to	300	g,	and	12	to	15	weeks	old	were	
included	 in	 the	 study.	Rats	were	 ensured	with	 food	
and	water	ad	 libitum,	 and	maintained	 in	 a	 standard	
temperature	 and	 humid	 environment	 with	 a	 12	 hr	
light–dark	 cycle.	 All	 protocols	 conformed	 to	 the	
Guide	 for	 the	 Care	 and	 Use	 of	 Laboratory	 Animals	
(NIH,	 1985)	 and	 certificated	 by	 the	 local	 ethical	
committee	(Approval	numbers:	2014/10).	

	
Experimental	design	

The	 rats	 were	 randomly	 allocated	 into	 three	
groups	 (control,	 I‐R	 and	 I‐R+Ada),	 each	 with	 nine	
rats.	 The	 control	 group	 and	 I‐R	 groups	 were	 given	
saline	 solution	 intraperitoneal	 and	 underwent	 a	
midline	 laparotomy.	 Infrarenal	 abdominal	 aorta	
(IAA)	was	dissected	and	crossed	without	obstruction	
in	 the	 control	 group.  For	 the	 I‐R	 group,	 IAA	 was	
clamped	 for	 120	 min	 then	 reperfusion	 was	 carried	
out	 for	 120	min.	 Only	 one	 single	 dose	 of	 50	mg/kg	
Ada	 (Humira;	 Abbott,	 Abbott	 Park,	 Ill)	 (40	 mg/0.8	
ml)	 was	 administered	 intraperitoneally	 to	 the	 I‐
R+Ada	 group	 (14).	 The	 I‐R+Ada	 group	 underwent	
respectively	 120	 min	 of	 ischemia	 and	 120	 min	 of	
reperfusion	after	five	days	of	Ada	administration.	

	
Ischemia	reperfusion	injury	model	

The	animals	were	anesthetized	by	 intramuscularly	
injection	of	50	mg/kg	ketamine	hydrochloride	(Ketalar;	
Eczacibasi,	 Istanbul,	 Turkey).	 Anesthesia	 was	
maintained	 in	 all	 experiments	 by	 intramuscular	
injections	of	25	mg/kg	ketamine	hydrochloride	when	
needed.	The	rats	were	given	the	supine	position	under	

a	 heating	 lamp	 for	 surgical	 procedures.	 After	 the	
abdomen	was	shaved,	the	skin	prepared	aseptically	and	
a	midline	laparotomy	was	performed.	IAA	was	explored	
and	clamped	with	an	atraumatic	microvascular	clamp.	
Fluid	 balance	was	 provided	with	warm	normal	 saline	
(10	ml)	in	the	peritoneal	cavity.	The	abdominal	incision	
was	 closed	 and	 the	 wound	 was	 covered	 with	 plastic	
wrap	to	prevent	loss	of	body	heat	and	fluid.	After	120	
min	 of	 ischemia,	 the	 atraumatic	 microvascular	 clamp	
was	 removed	 on	 the	 IAA	 and	 lower	 extremities	were	
reperfused	for	120	min.	The	I/R	model	was	planned	in	
a	 method	 similar	 to	 previous	 studies	 (15).	 Aortic	
occlusion	 was	 followed	 by	 the	 loss	 of	 distal	 arterial	
pulsation.	At	 the	end	of	 the	procedures,	 the	rats	were	
sacrificed	under	anesthesia,	and	then	lung	tissues	were	
obtained	 from	 all	 of	 the	 rats.	 The	 specimens	 were	
stored	 at	 ‐80	 °C	 until	 biochemical	 and	 histological	
analyses	were	conducted.	
	
Tissue	homogenates	

Frozen	 lung	 tissue	 samples	 were	 weighed	 and	
homogenized	by	phosphate	buffered	saline	(PBS)	(50	
mM,	pH	7.4).	 The	 homogenates	were	 centrifuged	 at	
10,000	g	 for	20	min.	The	supernatant	was	removed	
to	be	aliquoted	to	tubes.	It	was	kept	frozen	at	‐80	°C	
and	the	parameters	were	studied	within	a	month.	In	
tissue	samples,	levels	of	TNF‐α,	MDA,	MPO,	and	ET‐1	
were	measured.	
	
Measurement	of	protein	

Tissue	homogenate	protein	assay	is	Lowry	protocol.	
The	protocol	 is	based	on	both	 the	Biuret	reaction,	and	
the	 Folin‐Ciocalteu	 reaction.	 In	 Biuret	reaction,	 the	
peptide	 bonds	 of	 proteins	 react	 with	 copper	 under	
alkaline	 conditions	 to	 produce	 Cu+,	which	 reacts	with	
the	Folin	reagent	(16).	
	
Tissue	TNF‐ 	

The	concentration	of	TNF‐α	was	measured	using	
enzyme‐linked	 immunosorbent	 assay	 (ELISA)	
method.	We	 used	 commercially	 available	 rat	 TNF‐α	
ELISA	 kit	 (e	 Bioscience,	 Vienna,	 Austria).	 The	
procedure	 for	 the	 ELISA	 method	 was	 according	 to	
the	 instructions	 provided	 by	 the	 manufacturer.	
Absorbance	was	measured	 at	 a	wave	 length	 of	 450	
nm	 using	 ELISA	 reader.	 The	 levels	 of	 TNF‐α	 are	
presented	as	pg/ml.	The	 intra‐assay	and	 inter‐assay	
co‐efficient	 of	 variation	 were	 <5%	 and	 <10%,	
respectively.	 The	 limit	 of	 detection	 (LOD)	 for	 the	
TNF‐α	 assay	 was	 11	 pg/ml.	 After	 dividing	 the	
obtained	values	by	the	protein	levels,	the	final	results	
were	founded	as	pg/mg	protein.	
	
Tissue	MDA	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

MDA	 levels	 were	 measured	 by	 the	 double	 heating	
method	of	Draper	 and	Hadley.	 The	 principle	 of	 this	
method	is	the	spectrophotometric	measurement	of		
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Table	1.	All	biochemical	results	of	the	three	groups	
	

	
	
	
	
	
I‐R	:	Ischemia	

reperfusion;	 	 I‐R+Ada:	 Ischemia	 reperfusion+Adalimumab;	 TNF‐α,	 Tumor	 necrosis	 factor‐alpha;	 MDA,	 malondialdehyde;	 MPO,	
myeloperoxidase;	ET‐1,	Endothelin‐1	
#P<0.001,χP=0.005,*P=0.008,µP=0.010,bP=0.045,	¥P=0.268,	aP=0.549	vs.	control	group	
¶P=0.021,	€P=0.036,	βP=0.043,	πP=0.065	vs.	I‐R+Ada	group	
	
	
the	color	generated	by	the	reaction	of	thiobarbituric	
acid	(TBA)	with	MDA.	The	MDA	levels	are	presented	
as	mmol/l	 (17).	 	Dividing	 the	 situated	values	by	 the	
protein	levels,	the	eventual	results	were	obtained	as	
nmol/mg	protein.	
	
Tissue	ET‐1	

The	 concentration	 of	 ET‐1	 was	 measured	 by	
ELISA	method	using	commercially	available	rat	ET‐1	
ELISA	 kit	 (Elabscience,	 WuHan,	 P.R.C).	 The	
procedure	 for	 the	 ELISA	 method	 was	 according	 to	
the	 instructions	 provided	 by	 the	 manufacturer.	
Absorbance	 was	 measured	 at	 450	 nm	 using	 ELISA	
reader.	 The	 levels	 of	 ET‐1	 are	 presented	 as	 pg/ml.	
The	 co‐efficient	 of	 variation	 was	 <10%.	 The	
minimum	 detectable	 dose	 of	 ET‐1	 assay	 was	 4.69	
pg/ml.	 The	 final	 results	 were	 founded	 as	 pg/mg	
protein	 after	 dividing	 the	 obtained	 results	 by	 the	
protein	levels.	

	
Tissue	MPO	

The	concentration	of	MPO	was	also	measured	by	
ELISA	method	using	commercially	rat	MPO	ELISA	kit	
(Elabscience,	 WuHan,	 P.R.C).	 Absorbance	 was	
measured	at	450	nm	using	ELISA	reader.	The	 levels	
of	 MPO	 are	 presented	 as	 ng/ml.	 The	 co‐efficient	 of	
variation	was	 <10%.	 The	minimum	detectable	 dose	
of	MPO	assay	was	0.19	ng/ml.	The	obtained	 results	
divided	 by	 the	 protein	 levels	 and	 later	 the	 final	
results	were	obtained	as	ng/mg	protein.	

	
Immunohistological	evaluation	

The	 lung	 tissues	 were	 prepared	 for	
histopathological	 analysis	 and	 then	 were	 fixed	 in	
10%	neutral	 formaldehyde	for	24	hr.	They	were	cut	
in	3	μm	thickness	for	immunohistochemical	staining	
and	 in	4	μm	 thickness	 for	hematoxylin‐eosin	 (H&E)	
staining.	 These	 sections	were	 kept	 in	 xylene	 for	 20	
min	 before	 the	 implementation	 of	 an	 alcohol	 series	
(50–100%),	afterward	allowed	to	keep	for	30	min	in	
H2O2	solution.	After	washing	with	PBS,	these	sections	
were	heated	in	a	citrate	buffer	solution	at	800	W	for	
4	 to	 5	 min,	 and	 maintained	 in	 secondary	 blocker	
substance	 for	 30	 min.	 The	 slides	 were	 allowed	 to	
stand	for	60		min	in	different	dilutions	of	the	primary	
antibody	 (Anti‐Caspase‐3	 antibody	 (ab4051),														
Abcam	 plc,	 Cambridge,	 CB4,	 0FL,	 UK),	 and	 a	
diaminobenzidine	solution	was	used	as	a	chromogen.	

the	samples	were	 treated	with	Mayer’s	hematoxylin	
as	 a	 counterstain	 for	 4	 to	 5	minutes,	 then	 PBS	was	
used	 a	 negative	 control.	 The	 preparations	 were	
examined	 under	 light	 microscope	 and	 then	 were	
photographed	 after	 being	 covered	 with	 the	 eligible	
covering	 materials.	 Analysis	 was	 performed	 by	
employing	a	blind	evaluation	protocol	performed	by	
two	 histologists	 and	 one	 pathologist.	 The	 sections	
were	divided	into	4	categories	according	to	the	tissue	
percentage	 of	 immunopositive	 reaction	 areas;	 the	
stain	 of	 preparations	were	 evaluated	 as	 	 	weak	 (+),	
mild	(++),	moderate	(+++)	and	severe	(++++).	

	
Statistical	analyses			

Statistical	 analysis	was	performed	by	using	SPSS	
for	 Windows	 (SPSS,	 USA)	 version	 17.0	 and	
continuous	 variables	 were	 reported	 as	 mean	 ±	
standard	 deviation.	 Comparison	 of	 the	 groups'	
biochemical	 parameters	 analyses	 were	 performed	
using	 the	 one‐way	 ANOVA	 and	 Bonferroni	 post	 hoc	
tests.	The	Mann‐Whitney	U	test	was	used	to	compare	
the	 groups	 for	 histopathologic	 parameters	 and	
caspase‐3.	 Differences	 of	 P<0.05	 was	 considered	
significant.	

	
Results	
Biochemical	results	

In	 I‐R	 group,	 TNF‐α,	MDA,	MPO	 and	 ET‐1	 levels	
were	 significantly	 higher	 than	 that	 of	 the	 controls	
and	 the	 group	 treated	 with	 Ada.	 Compared	 to	 the	
control	 group,	 TNF‐α,	 MDA,	 MPO	 and	 ET‐1	 levels	
were	higher	in	I‐R+Ada	group	but	lower	than	that	of	
I‐R	 group.	 All	 biochemical	 variables	were	 shown	 in	
the	Table	1.		
	
Histopathological	findings	
Histopathological	 examination	 of	 the	 lungs	 of	 the	
control	group	rats	revealed	that	there	was	no	tissue	
discontinuation	 and	 no	 pathologic	 findings.	 The	
control	 group	 had	 histopathologically	 normal	
cellular	 morphologic	 appearance	 and	 had	 not	
interstitial	 inflammation	 and	 congestion	 in	 lung	
tissues.	Although	there	were	mildly	epithelial	cells	
debris	in	especially	terminal	bronchioles;	in	addition,	
connective	 tissues	 in	 lamina	propria	was	 intact	 and	
normal	 in	 these	 areas.	 Excretory	 ductals	 and	 vessel	
patterns	 had	 also	 normal	 histological	 features	
(Figure	1).		

	 I‐R I‐R	+	ADA Control	
TNF‐α	pg/mg	protein	 206.1±55.7*¶ 154.0±42.1a 140.3±27.8	
MDA	nmol/mg	protein	 2.9±0.4#π 2.5±0.3b 2.1±0.4	
MPO	ng/mg	protein	 0.59±0.07χβ 0.50±0.11¥ 0.45±0.08	
ET‐1pg/mg	protein	 10.3±1.7#€ 8.1±2.6µ 5.0±1.7	
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Figure	1.	A,	B;	Normal	 lung	tissue	architecture	 in	control	rats	by	
light	 microscopy,	 hematoxylin‐eosin	 stain.	 d:	 epithelial	 cells	
debris,	m:	alveolar	macrophages,	arrowhead:	pigmentation	
	

	

Histopathological	findings	of	the	lungs	in	I‐R	group	
showed	 that	 interstitial	 distance	 was	 expanded;	 in	
addition,	 edema,	 and	 severe	 damages	 of	 alveolar	
epithelial	cells	(alveolar	epithelial	injury)	was	found	in	
this	 area.	 In	 lamina	 propria,	 PMNL	 infiltration	 and	
fibroblast	 accumulations	 were	 also	 observed.	 Also,	
increasing	in	the	number	of	alveolar	macrophages	was	
found.	 In	 the	 lung	 tissue	 of	 I‐R	 group,	 which	 had	 no	
normal	 histological	morphology,	 there	was	 increasing	
PMNL	 and	 mononuclear	 leukocyte	 infiltration	 in	
interstitial	 distance	 and	 congestion	 in	 small	 vessels	
lumens.	 There	 were	 mild	 pigmentations	 around	 the	
bronchioles	and	terminal	bronchioles	in	the	lungs	of	I‐R	
group	and	this	pigmentation	was	also	found	in	alveolar	
macrophages.	 In	 some	 rats,	 mild	 perivascular	 edema,	
focal	 interstitial	 and	 intraalveolar	 mononuclear	
leukocyte	 infiltration	 and	 mild	 proteinous	 exudate	
were	observed	(Figure	2A,	2B).		

In	 I‐R+Ada	group,	 the	 congestions	 in	 small	vessels	
were	 decreased	 compared	 to	 I‐R	 group.	 PMNL	
infiltration	and	fibroblastic	focuses	were	also	decreased	
in	 lamina	propria.	Moreover,	 the	 severity	 of	 epithelial	
cell	degeneration	and	cell	debris	 in	alveoli,	 increase	of	
interstitial	 connection	 tissues	 and	 dense	 of	 alveolar	
macrophages	 were	 found	 significantly	 low	 in	 this	
group.	Pigmentation	emerging	in	this	group	around	the	
bronchi	and	terminal	bronchioles,	their	dense	and	size	
were	 also	 decreased.	 Pigmentations	 found	 in	 alveolar	
macrophages	 were	 similar	 with	 that	 in	 the	 control	
group	(Figure	3).		

Caspase‐3	 enzyme	 activity	 in	 I‐R	 group	 was	
significantly	 higher	 than	 that	 of	 both	 control	 and																	
I‐R+Ada	group.	The	amount	of	caspase‐3	in	I‐R+Ada	
group	was	significantly	higher	than	the	control	

	
	

	
	

Figure	3.	Histopathological	examination	of	lung	tissue	in	I‐R+Ada	
group	 stained	 by	 hematoxylin‐eosin	 by	 light	 microscopy	 A:	 d:	
epithelial	 cells	debris,	 arrowhead:	 pigmentation,	arrow:	decrease	
mononuclear	 cell	 infiltration,	 c:	 congestion,	 B:	 arrowhead:	
pigmentation,	 I‐R+Ada:	 ischemia	 reperfusion+	 adalimumab	
applied	group	
	

	

	
	

Figure	 2.	 Histopathological	 examination	 of	 lung	 tissue	 in	 I‐R	
group	 stained	 by	 hematoxylin‐eosin	 by	 light	 microscopy.	 A:	 e:	
edema,	 v:	 vacuolization,	 short	 arrow:	 degenerating	 cells,	
arrowhead:	pigmentation,	B:	v:	vacuolization,	 i:	mononuclear	cell	
infiltration,	thin	arrow:	fibrosis,	e:	edema,	d:	epithelial	cells	debris,	
arrowhead:	pigmentation,	I‐R:	ischemic	reperfusion	

	

group,	 but	 it	 was	 much	 lower	 than	 I‐R	 group.	 All	
histopathological	 findings	 and	 caspase‐3	 levels	 are	
shown	in	Table	2	and	Figure	4.			

	
Discussion	

In	this	study,	TNF‐α,	MDA,	MPO	and	ET‐1	levels	in	
I‐R	group	were	higher	than	that	of	both	controls	and	
I‐R+Ada	 group.	 Histopathological	 examination	
revealed	severe‐dense	damage	in	the	lung	tissue.	

In	 I‐R	group,	 caspase‐3	enzyme	activity	was	 found	
prominently	 higher.	 In	 I‐R+Ada	 group,	 TNF‐α,	 MDA,	
MPO	and	ET‐1	 levels	were	 lower	compared	to	 the	 I‐R	
group,	 but	 higher	 in	 comparison	 with	 controls.	
Histopathological	 examination	 of	 the	 lung	 tissue	 in	 I‐
R+Ada	 group	 showed	 little	 histopathological	 damage.	
Immunohistochemical	analysis	revealed	that	caspase‐3	
enzyme	 activity	 was	 significantly	 lower	 in	 I‐R+Ada	
group	 than	 that	 of	 I‐R	 group.	 All	 these	 findings	
suggested	that	Ada	treatment	could	cause	a	prominent	
decrease	 in	 damage	 developing	 in	 the	 lung	 tissue	
during	the	I‐R	process.			

Lung	 is	 one	 the	 most	 vulnerable	 and	 affected	
organs	 during	 the	 local	 and	 systemic	 I‐R	 damages	
(3).	 There	 are	 many	 factors	 playing	 a	 role	 in	 the	
damaging	of	 the	 lungs	during	 I‐R.	 In	 ischemia	stage,	
decreasing	 of	 oxygene	 pressure	 and	 inability	 to	
supply	 increased	 metabolic	 needs	 alongside	 severe	
cytokine	 release	 during	 reperfusion	 stage	 all	
together	cause	an	increase	in	ROS	production	and	led																									
to	 damage	 in	 both	 cells	 and	 tissues	 (1,	 3).	 TNF‐α																			
is	 a	 major	 pro‐inflammatory	 cytokine	 responsible																	
for	I‐R	damage.	During	I‐R	process	lymphocytes,	
	

	

	

	

	
	
	

Figure	4.	Histopathological	examination	of	lung	tissue	stained	by	
immunoperoxidase	method	by	light	microscopy	A:	control	group,	
B:	 I‐R	 group,	 C:	 I‐R+Ada,	 arrowhead:	 strong	 positivity,	 arrow:	
weak	 positivity,	 e:	 edema,	 immunoperoxidase	 stained	 Anti‐
Caspase‐3	antibody.	 I‐R:	 ischemia	 reperfusion,	 I‐R+Ada:	 ischemia	
reperfusion	+adalimumab	
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Table	2.	Histopathological	examination	of	lung	tissue	
	

	 Control	 I‐R	 I‐R+Ada	

Inflammation	 0,00±0,35	 3,00±0,71*#	 2,00±0,46*	

Congestion	 0,00±0,46	 2,00±0,52*χ	 1,50±0,53*	

Edema	 0,00±0,35	 3,00±0,46*#	 2,00±0,52*	

Vacuolization	 0,00±0,35	 3,00±0,35*π	 2,00±0,52*	

Epithelial	degeneration	 0,00±0,46	 3,00±0,52*π	 1,50±0,53*	

Alveolar	macrophages	density	 0,00±0,46	 3,50±0,74*¥	 3,00±0,46*	

Caspase‐3	 1,00±0,52	 3,00±0,52*#	 2,00±0,52¶	
	

I‐R,	Ischemia	reperfusion;		I‐R+Ada,	Ischemia	reperfusion+Adalimumab	
*P<0.001,	¶P	=0.006	vs.	control	group	
πP<0.001,	#P=0.001,	χP=0.022,	¥P=0.038		vs.	I‐R+Ada	group	
	
neutrophils	and	macrophages	migrate	to	the	damage	
sites	 and	 release	 a	 large	 quantity	 of	 TNF‐α,	 and	
thereby	 it	 leads	 to	 ROS	 production	 in	 environment	
(3,	 12).	 Both	 TNF‐α	 releasing	 and	 ROS	 production	
induce	 apoptosis	 and	 consequently	 cause	 cell	
damage	 (13).	During	 I‐R	 process,	 blocking	of	 TNF‐α	
and	other	pro‐inflammatory	cytokines	could	prevent	
from	 tissue	 damage	 (18).	 Ada,	 a	 potent	 TNF‐α	
blocker,	 has	 been	 shown	 to	 decrease	 the	 excessive	
TNF‐α	releasing	during	the	I‐R	(13,	14).	In	our	study,	
TNF‐	 α	 level	 of	 lung	 tissue	 in	 I‐R	 group	 was	
significantly	 higher	 than	 that	 of	 controls	 and	 I‐
R+Ada.	 In	 I‐R	 model,	 created	 by	 clamping	 of	
abdominal	aorta,	 the	 lung	tissue	was	highly	affected	
by	I‐R	damage.	In	Ada	group,	TNF‐α	was	prominently	
lower	 and	 lung	 tissue	 was	 significantly	 protected	
from	 I‐R	 damages	 shown	 by	 histopathological	
examination.			

During	 the	 reperfusion	 stage,	 there	 is	 excessive	
ROS	 generating	 with	 the	 entrance	 of	 oxygen	 to	 the	
cells.	 In	 addition,	 releasing	 of	 a	 large	 proportion	 of	
pro‐inflammatory	 cytokines	 can	 enhance	 the	 ROS	
generation	 (1).	 MDA	 is	 a	 valuable	 marker	 showing	
the	 lipid	 peroxidation	 and	 ROS	 production	 (19).	 In	
the	 I‐R	damage,	MDA	 levels	 increased,	 showing	 that	
it	can	be	considered	as	an	effective	indicator	pointing	
out	the	ROS	production	and	tissue	damage	(20).	ROS	
production	 triggers	 caspase‐3	 enzyme	 system	 and	
then	 increases	apoptosis,	and	therefore	 leads	 to	cell	
and	 tissue	 death	 (21).	 Ada	 was	 shown	 to	 decrease	
the	tissue	damage	during	acute	pancreatitis	via	TNF‐
α	 blockage	 and	 decreasing	 ROS	 production	 (14).	 In	
another	 study,	 it	 has	 been	 reported	 that	 during	 I‐R	
process	Ada	could	regulate	the	levels	of	NO	and	then	
could	cause	a	decrease	in	producing	of	peroxynitrite	
radicals,	leading	to	a	blockage	in	ROS	generation	and	
therefore	reducing	the	damage	of	liver	tissue	(13).	In	
our	 study,	MDA	 levels	were	 significantly	higher	and	
there	 was	 dense	 histopathological	 damage	 in	 I‐R	
group.	In	I‐R+Ada	group,	however,	MDA	levels	were	
lower	compared	to	the	I‐R	group.	Ada	could	probably	
decrease	 ROS	 production	 via	 TNF‐α	 blocking,	 and	
thus	caspase	pathway	might	be	activated	at	a	 lesser	
extent.	 Therefore,	 lung	 tissue	 in	 I‐R+Ada	 group	had	

lesser	 histopathological	 damage	 than	 that	 of	 I‐R	
group.		

The	azurophilic	granules	of	neutrophils	have	got	
some	 enzymes	 such	 as	 MPO	 which	 is	 carry	 out	
oxidant	 effects;	 therefore,	 neutrophils	 playing	 a	
crucial	 role	 in	 developing	 ROS	 (22).	 MPO	 activity	
increases	 in	 reperfusion	 stage	 more	 than	 ischemic	
stage.	 MPO	 converts	 hydrogen	 peroxide	 and	
hydrogen	chloride	 ions	 to	hypochlorous	acid	during	
the	 I‐R	 process	 (5).	 Increased	 activity	 of	 MPO	 over	
the	 I‐R	 can	 also	 point	 out	 indirectly	 that	 ROS	
production	has	also	 increased	 in	 the	 lung	 tissue.	On	
the	other	hand,	MPO	uses	NO	as	a	substrate	and	not	
only	 decreases	 bioavailability	 of	 NO,	 but	 also	 it	
damages	 NO‐dependent	 blood	 vessel	 relaxation	 via	
generating	peroxynitrite	radicals	(22).	Consequently,	
vasoconstriction	 during	 the	 I‐R	 process	 becomes	
more	severe,	 and	ROS	production	 increases	 further.	
It	 has	 previously	 been	 reported	 that	 decreasing	 of	
MPO	 activities	 by	 using	 some	 agents	 during	 the	 I‐R	
could	prevent	 lung	 tissue	damage	 (2,	21,	22).	 It	has	
also	 been	 reported	 that	 Ada	 prevented	 oxidative	
damage	 by	 decreasing	 MPO	 activities	 (14).	 In	 our	
study,	 MPO	 levels	 in	 I‐R	 group	 were	 significantly	
higher,	and	in	group	treated	with	Ada	its	levels	were	
lower	prominently.	Ada	could	well	prevent	 the	 lung	
tissue	 from	 damaging	 of	 I‐R	 by	 decreasing	 MPO	
levels.		

Increased	 ROS	 causes	 endothelial	 cell	 damage.	
Endothelium	 normally	 produces	 ET‐1	 and	 NO	 (23).	
With	damage	developed	by	ROS,	endothelial	cells	begin	
to	 produce	 more	 ET‐1	 (1)	 resulting	 in	 severe	
vasoconstriction.	Additionally,	ET‐1	releasing	increases	
cytokines	 and	 ROS	 production	 that	 consequently	
activates	 caspase	 pathway	 leading	 to	 the	 lung	 tissues	
damage.	During	I‐R	process,	decreasing	in	the	NO	levels	
and	increasing	ET‐1	release	via	gene	expression	lead	to	
vasoconstriction	 and	 tissue	 damage	 (6).	 In	 a	 study,	 it	
has	 been	 reported	 that	 during	 I‐R	 Ada	 decreased	 I‐R	
damage	 via	 balancing	 of	 NO	 release	 (13).	 No	 further	
study	reported	the	effects	of	Ada	and	ET‐1	together	in	
the	 literature,	except	one	 in	which	 Infliximab,	another	
TNF‐α	 inhibitor,	 prevented	 the	 tissue	 from	 damaging	
through	 reducing	 ET‐1	 levels	 (24).	 This	 study													
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showed	 that	 Ada	 reduced	 ET‐1	 levels	 by	 blocking	
vasoconstriction	during	the	I‐R	process.	

Leucocyte	 activation	 triggered	 by	 I‐R	 induced	
damage	 alongside	 inflammatory	 mediators	 cause	 an	
edema,	 increase	 in	vascular	permeability	and	a	rise	 in	
alveolar	permeability	in	the	lungs	(1,	2).	 	 In	this	study,	
inflammation,	edema	and	epithelial	degeneration	were	
observed	 severely	 in	 I‐R	 group,	 whereas	 in	 I‐R+Ada	
group	these	findings	were	at	subtle	levels	compared	to	
the	 I‐R	 group.	 Caspase‐3	 enzyme	 activity	 was	
significantly	 higher	 in	 the	 I‐R	 group,	 and	 severe	
histopathological	 damage	 was	 prominent.	 Caspase‐3	
activation	was	 lesser	 in	 I‐R+Ada	group,	and	there	was	
less	histological	damage.			

	
Conclusion	

The	 severe	 release	 of	 cytokines	 and	 increased	
ROS	 generations	 activate	 caspase	 enzyme	 system	
and	apoptosis	 in	 lung	 tissue	 through	 I‐R.	Therefore,	
they	 are	 extremely	 damage	 to	 lung	 tissue.	 Severe	
vasoconstriction	 occurs	 due	 to	 NO‐related	
vasodilatation	 damages	 on	 account	 of	 ET‐1	 release	
and	ROS	generation	during	I‐R	that	can	lead	to	 lung	
damage.	 	 Ada	 could	 well	 decrease	 the	 release	 of	
cytokines	and	generation	of	ROS	via	blockage	of	TNF‐
α,	 and	 consequently	 suppressed	 the	 activation	 of	
caspase	pathway.	Furthermore,	Ada	would	diminish	
lung	 damage	 over	 I‐R	 process	 by	 decreasing	 ET‐1	
release.				
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