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Serum Ceruloplasmin Oxidase Activity and
Malondialdehyde Level in

Experimental Abdominal Compartment
Syndrome-Induced Rats

AABBSSTTRRAACCTT  OObbjjeeccttiivvee:: The aim of this study was to investigate serum ceruloplasmin (Cp) oxidase
activity and malondialdehyde (MDA) levels in a rat model of abdominal compartment syndrome
(ACS). MMaatteerriiaall  aanndd  MMeetthhooddss:: There were four groups consisting of eight rats per group. Group 1
(Control group): After anesthesia, 3 ml of blood were taken from the heart of these rats. Group 2
(Sham group): Under anesthesia, an injector needle was inserted intraperitoneally and left there.
After 3 h, 3 ml of blood was taken from the heart of these rats. Group 3 (First study group): Under
anesthesia, an injector needle (number 16) was inserted intraperitoneally and a standard insuffla-
tor (Karl Storz, Germany) was connected. At the end of this procedure, the abdomen was decom-
pressed and 3 ml of blood was collected as descried above. Group 4 (Second study group): The
abdomen was compressed as Group 3. However, the intraabdominal hypertension was established
by keeping the pressure constant at 25 mmHg for 3 h in this group. At the end of this procedure,
the abdomen was decompressed and 3 ml of blood was collected as descried above. RReessuullttss::  Cp ox-
idase activities and MDA levels significantly increased in first and second study groups when com-
pared to the control group. Cp oxidase activities and MDA levels were significantly higher in second
study group than those of the first study group. MDA levels were significantly higher in first study
group than those of the sham group. CCoonncclluussiioonn::  We found increased serum Cp oxidase activity and
MDA level in experimental abdominal compartment syndrome-induced rats. These findings show
that oxidative stress increase ACS in rats. 
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ÖÖZZEETT  AAmmaaçç:: Bu çalışmanın amacı abdominal kompartman sendromu (AKS) oluşturulan sıçan-
larda serum seruloplazmin (Cp) oksidaz aktivitesi ve malondialdehit (MDA) seviyelerini araştır-
maktır. GGeerreeçç  vvee  YYöönntteemmlleerr:: Çalışmada her biri sekizer denekten oluşan dört grup oluşturuldu.
Grup 1 (Kontrol grubu): Deneklerde anesteziyi takiben intrakardiyak 3 cc kadar kan alındı. Grup
2 (Sham grubu): Anestezi altında peritoneal boşluğa 16 numara enjektör iğnesi ile girildi ve iğne ye-
rinde bırakıldı. Üç saat beklendikten sonra deneklerden aynı yöntemle kan alındı. Grup 3 (Birinci
çalışma grubu): Anestezi altında peritoneal boşluğa 16 numara enjektör iğnesi ile girildi ve bunun
ucuna standart bir insuflatör (Karl Storz, Germany) cihazı bağlandı. İnsuflatör yardımıyla batın
CO2 gazıyla şişirildi. İnsuflatör 20 mmHg basıncında sabit tutularak 3 saat süreyle AKS oluşturuldu.
İşlem sonunda batın desufle edildi. Kan örnekleri aynı yöntemle alındı. Grup 4 (İkinci çalışma
grubu): Üçüncü gruptaki gibi batın insufle edildi. Ancak bu grupta insuflatör 25 mmHg basıncında
sabit tutularak 3 saat süreyle AKS oluşturuldu. İşlem sonunda batın desufle edildi. Kan örnekleri
aynı yöntemle alındı. BBuullgguullaarr::  Cp oksidaz aktivitesi ve MDA seviyeleri, kontrol grubu ile kar-
şılaştırıldığında birinci ve ikinci çalışma grubunda önemli derecede artmıştı. İkinci çalışma gru-
bundaki Cp oksidaz aktivitesi ve MDA seviyeleri, birinci çalışma grubundan daha yüksekti. Birinci
çalışma grubundaki MDA seviyeleri, sham grubundan daha yüksekti. SSoonnuuçç::  AKS’lu sıçanlarda
MDA düzeyleri ile Cp oksidaz aktivitesinin arttığını bulduk. Bu bulgular AKS oluşturulan sıçanlarda
oksidatif stresın arttığını göstermektedır.

AAnnaahhttaarr  KKeelliimmeelleerr::  Seruloplasmin; kompartman sendromları 

TTuurrkkiiyyee  KKlliinniikklleerrii  JJ  MMeedd  SSccii  22001100;;3300((22))::666699--7733

Abdullah BÖYÜK, MD,a

Öztekin ÇIKMAN, MD,b

Behçet AL, MD,c

A. Ahmet BALIK, MD,d

Seyithan TAYSI, MDe

aDepartment of Surgery, 
Elazığ Research and 
Educational Hospital, Elazığ
bDepartment of Surgery, 
Van Research and 
Educational Hospital, Van
Departments of 
cEmergency Medicine, dSurgery, 
eBiochemistry and Clinical Biochemistry, 
Gaziantep University 
Faculty of Medicine, Gaziantep

Ge liş Ta ri hi/Re ce i ved: 07.08.2008 
Ka bul Ta ri hi/Ac cep ted: 22.01.2009

Ya zış ma Ad re si/Cor res pon den ce:
Seyithan TAYSI, MD
Gaziantep University Faculty of Medicine, 
Department of Biochemistry and 
Clinical Biochemistry, Gaziantep,
TÜRKİYE/TURKEY
seytaysi@hotmail.com

Cop yright © 2010 by Tür ki ye Kli nik le ri

ORİJİNAL ARAŞTIRMA   



n tra-ab do mi nal hyper ten si on (IAH) and the
ab do mi nal com part ment syndro me (ACS) are
well-re cog ni zed pat ho lo gi cal en ti ti es that fre-

qu ently oc cur in cri ti cally ill pa ti ents and in di ca te
a wor se ning of the prog no sis, alt ho ugh the re is still
a lack of awa re ness among physi ci ans with re gard
to this prob lem.1,2 In tra ab do mi nal pres su re (IAH)
may be acu tely in cre a sed by a va ri ety of ca u ses af -
ter ma jor tra u ma or ab do mi nal sur gery. The det ri -
men tal ef fects on car di ac, pul mo nary, he pa tic and
re nal systems with ra i sed IAP and ACS are well
known and easy to de tect cli ni cally. The en su ing
or gan dysfunc ti on of ten re sol ves fol lo wing sur gi -
cal de com pres si on of the ab do men; ho we ver, this
may then le ad to comp li ca ti ons which can ca u se
se ri o us ad di ti o nal mor bi dity.3

Re ac ti ve oxy gen spe ci es (ROS), ge ne ra ted in
the or ga nism as bypro ducts of nor mal cel lu lar me-
ta bo lism ha ve be en imp li ca ted in the pat ho ge ne sis
of a lar ge num ber of di se a ses such as di a be tes mel-
li tus, can cer, rhe u ma to id art hri tis, in fec ti o us di se -
a ses, at he rosc le ro sis and aging.4,5 Alt ho ugh ROS
ha ve se ve ral physi o lo gi cal func ti ons in sig nal trans-
duc ti on, ge ne trans crip ti on and re gu la ti on, they are
ab le to ca u se oxi da ti on of bi o mo le cu les, the reby
con tri bu ting to the ir struc tu ral and func ti o nal mo -
di fi ca ti ons. This le ads to cell dysfunc ti on and cell
de ath, and, at the or ga nic le vel, to age ing and age-
re la ted di se a ses. Many enz yma tic and no nenz yma -
tic an ti o xi dants ha ve be en de ve lo ped by ae ro bic
or ga nisms to co un te ract the ef fects of ROS on bi o -
mo le cu les.6 Ce ru lop las min (Cp) is an alp ha-2-
glycop ro te in that con ta ins mo re than 95% of the
cop per in the plas ma and plays an im por tant ro le
in iron ho me os ta sis. Ot her ro les inc lu de its par ti ci -
pa ti on in the an ti o xi dant de fen se or in oxi da ti ve
da ma ge mec ha nisms and its in vol ve ment in a num-
ber of pro ces ses re la ted to the me ta bo lism of cop-
per, and bi o ge nic ami nes, and nit ric oxi de.7-10

Un der physi o lo gic con di ti ons, Cp oxi da se is al so
im por tant in the con trol of mem bra ne li pid oxi da -
ti on, pro bably by di rect oxi da ti on of ca ti ons, thus
pre ven ting the ir ca taly sis of li pid pe ro xi da ti on.4,5

The pro cess of li pid pe ro xi da ti on is oxi da ti ve
con ver si on of pol yun sa tu ra ted fatty acids to pro d-
ucts known as ma lon di al dehy de (MDA), which is

usu ally me a su red as thi o bar bi tu ric acid re ac ti ve
subs tan ces (TBARS), or to li pid pe ro xi des, which is
the most stu di ed, bi o lo gi cally re le vant, fre e ra di cal
re ac ti on. Li pid pe ro xi da ti on of cel lu lar struc tu res, a
con se qu en ce of fre e ra di cal ac ti vity, is tho ught to
play an im por tant ro le in aging, at he rosc le ro sis and
la te comp li ca ti ons of di a be tes.5

To our know led ge, the re is no study that in-
ves ti ga tes si mul ta ne o usly Cp oxi da se ac ti vity and
ma lon di al dehy de (MDA) le vels, an in di ca tor of li -
pid pe ro xi da ti on, in a rat mo del of ACS. The re fo re,
in the pre sent study, we ai med to in ves ti ga te Cp
oxi da se ac ti vity and ma lon di al dehy de (MDA) le v-
els in this ex pe ri men tal mo del.

MA TE RI AL AND MET HODS
In the study, 32 ma le Spra gu e-dew lay rats (200-235
g), which we re fed with stan dard di et and kept at
the sa me con di ti ons, we re used. All ani mals re ce i -
ved hu ma ne ca re in comp li an ce with the gu i de li nes
of Ata turk Uni ver sity Re se arch Co un cil’s cri te ri a.
The rats fas ted for 12 h be fo re the ex pe ri men t.

The re we re four gro ups con sis ting of eight rats
per gro up. Ke ta mi ne HCL (85 mg/kg) and xyla zi ne
(6 mg/kg, in tra mus cu lar) we re used to anest he ti se
rats. 

Gro up 1 (Con trol gro up): Af ter anest he si a, 3
ml of blo od was ta ken from the he art of the se rats. 

Gro up 2 (Sham gro up): Un der anest he si a, an
in jec tor ne ed le was in ser ted in tra pe ri to ne ally and
left the re. Af ter 3 h, 3 ml of blo od was ta ken from
the he art of the se rats.

Gro up 3 (First study gro up): Un der anest he si -
a, an in jec tor ne ed le (num ber 16) was in ser ted in-
tra pe ri to ne ally and a stan dart in suff la tor (Karl
Storz, Ger many) was con nec ted. The ab do men was
inf la ted with car bon di o xi de (CO2). In tra ab do mi nal
hyper ten si on was es tab lis hed by ke e ping the pres-
su re cons tant at 20 mmHg for 3 h in this gro up. At
the end of this pro ce du re, the ab do men was de-
com pres sed and 3 ml of blo od was col lec ted as de-
s cri ed abo ve.

Gro up 4 (Se cond study gro up): The ab do men
was com pres sed as in Gro up 3. Ho we ver, the in tra -
ab do mi nal hyper ten si on was es tab lis hed by ke e -
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ping the pres su re cons tant at 25 mmHg for 3 h in
this gro up. At the end of this pro ce du re, the ab do -
men was de com pres sed and 3 ml of blo od was col-
lec ted as des cri ed abo ve. 

BI OC HE MI CAL ANALY SIS

The blo od samp les ob ta i ned we re trans fer red to va-
cu ta i ners and left for 30 min at ro om tem pe ra tu re.
They we re cen tri fu ged at 3000xg for 10 min. Se -
rum was col lec ted as two ali qu ots and kept at -80oC
un til bi oc he mi cal analy ses.

Se rum MDA was de ter mi ned by the thi o bar bi -
tu ric acid met hod.11 Se rum ali qu ots (0.2 ml) we re
mi xed tho ro ughly with 0.8 ml of phosp hate buf fe red
sa li ne (pH 7.4) and 0.025 ml of buty la ted hydroxy -
to lu e ne so lu ti on. Af ter ad di ti on of 0.5 ml of 30%
trich lo ro a ce tic acid, the samp les we re pla ced on ice
for 2 hr and then cen tri fu ged at 2000 x g at 25°C for
15 min. One ml of su per na tant was mi xed with
0.075 ml of 0.1 mol/L ED TA and 0.25 ml of 1% thi -
o bar bi tu ric acid in 0.05 N so di um hydro xi de. The
samp les we re pla ced in bo i ling wa ter for 15 min, co -
o led to ro om tem pe ra tu re, and the ab sor ban ce was
de ter mi ned at 532 nm. To tal thi o bar bi tu ric acid re -
ac ti ve subs tan ces (TBARS) we re ex pres sed as MDA.
MDA le vels we re ex pres sed as µmol/L.

Se rum Cp oxi da se ac ti vity was me a su red ac-
cor ding to the met hod of Scho sins ki et al.12 The
met hod is ba sed on the abi lity of ce ru lop las min to
oxi di ze subs tra te such as o-di a ni zi di ne (3,3,-di met -
hoxy ben zi di ne) yi el ding a yel low pro duct. Bri efly,
0.75 ml of 0.1 M ace ta te buf fer, pH 5, in two tu bes
was mi xed with 0.05 ml of se rum samp le and kept
for 5 min at 30°C. To both tu bes, 0.2 ml of 0.25% o-
di a ni zi di ne dihy droh lo ri de was ad ded and one
mix tu re was in cu ba ted at 30°C for 5 min, and the
ot her for 15 min. The re ac ti on was stop ped by ad -
ding 2 ml of 9 M sul fu ric acid. The op ti cal den sity
was de ter mi ned at 540 nm using a spec trop ho to -
me ter (CE CIL CE 3041, Cam brid ge, UK). Cp oxi -
da se ac ti vity was ex pres sed as U/L.

STA TIS TI CAL ANALY SIS 

The fin dings we re ex pres sed as the me an ± SD.
Nor ma lity dis tri bu ti on was as ses sed using Sha pi -
ro-Wilk test. All va ri ab les we re nor mally dis tri -

bu ted. Sta tis ti cal analy sis was un der ta ken using
one way ANO VA with Fis her’s LSD Mul tip le-
Com pa ri son test. A p va lu e < 0.05 was ac cep ted as
sta tis ti cally sig ni fi cant. Sta tis ti cal analy sis was per-
for med with Sta tis ti cal Pac ka ge for the So ci al Sci-
en ces for Win dows (SPSS, ver si on 11.0, Chi ca go,
IL, USA).

RE SULTS
All pa ra me ters are shown in Tab le 1. As se en from
the Tab le, se rum Cp oxi da se ac ti vi ti es and MDA le -
vels sig ni fi cantly in cre a sed in the first and se cond
study gro ups when com pa red to the con trol gro up.
Se rum Cp oxi da se ac ti vi ti es and MDA le vels we re
sig ni fi cantly hig her in se cond study gro up than
tho se of the first study gro up. Se rum MDA le vels
we re sig ni fi cantly hig her in first study gro up than
tho se of the sham gro up.

DIS CUS SI ON
The re are many cli ni cal si tu a ti ons that can le ad to
in cre a sed IAH, which, in turn, can ca u se fa tal mul-
tip le or gan fa i lu re cal led ACS. Ca u ses of ACS inc -
lu de ten se as ci tes, ab do mi nal he morr ha ge, in tes-
ti nal obs truc ti on, lar ge ab do mi nal tu mors and pe -
ri to ne al di aly sis. In ad di ti on, per ma nent gas in suf-
f la ti on, which is used com monly du ring la pa ros -
co pic sur gery to pro vi de in tra ab do mi nal wor king
spa ce, ele va tes IAH im men sely. Chan ges in splanc -
hnic blo od flow and he pa tic af fe rent cir cu la ti on,
du e to the ele va ti on of in tra ab do mi nal pres su re ac-
com pan ying CO2 pne u mo pe ri to ne um, ha ve al so
be en des cri bed.3,13-15
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Cp oxidase (IU/L) MDA (µmol/L)

Group 1 (Control group) 182.6 ± 25.7 1.9 ± 0.8

Group 2 (Sham group) 195.7 ± 8.6 3.2 ± 1.1a

Group 3 (First study group) 204.3 ± 3.9a 4.7 ± 1.4b,c

Group 4 (Second study group) 221.1 ± 4.4b,c,e 6.3 ± 1.5b,d,f

TABLE 1: Serum ceruloplasmin oxidase activity and
lipid peroxidation in experimental abdominal compart-

ment syndrome in rats (Mean± SD).

a: p<0.05, b: p<0.001, vs. control group,
d: p<0.01, e:p<0.001 vs. sham group,
f: p<0.05, g: p<0.01, vs. first study group.
There were 7 animals in each group



Oxi dants such as su pe ro xi de ra di cal (O•-
2) hy-

droxyl ra di cal (OH• –) are pro du ced in me ta bo lic and
physi o lo gi cal pro ces ses, and harm ful oxi da ti ve re-
ac ti ons may oc cur in or ga nisms. Oxi da ti ve stress is
an im ba lan ce bet we en the pro duc ti on of fre e ra di -
cals that con ta in un pa i red elec trons and an ti o xi -
dant de fen ces buf fe ring the oxi da ti ve da ma ges.
Oxi da ti ve ef fects of fre e ra di cals are con trol led by
exo ge no us an ti o xi dants such as vi ta mins E and C,
and al so by en do ge no us an ti o xi dants. Un der so me
con di ti ons, an in cre a se in oxi dants and a dec re a se
in an ti o xi dants can not be pre ven ted, and oxi da ti -
ve/an ti o xi da ti ve ba lan ce shifts to wards the oxi da ti -
ve stress.16-18

Cp is a blu e cop per oxi da se that is synthe si zed
by he pa tocy tes and sec re ted as a ho lop ro te in with
six atoms of cop per in cor po ra ted du ring the bi -
osyn the sis.19 Ne vert he less, as in di ca ted by con si de -
rab le ex pe ri men tal evi den ce, it is par ti cu larly
pro ne to trans fer its cop per atoms to tis su es de li ve -
ring cop per to in tra cel lu lar cop per pro te ins. Ho w-
e ver, re cent stu di es on ace ru lop las mi ne mic pa ti ents
in di ca te that this pro te in has no es sen ti al ro le in
cop per trans port, whe re as it plays a pri mary ro le in
iron ho me os ta sis, pos sibly thro ugh its fer ro xi da se
ac ti vity.10,18 An ti o xi dant ac ti vity of Cp can be as-
cri bed ma inly to its fer ro xi da se ac ti vity, which in-
hi bits fer ro us ion-sti mu la ted li pid pe ro xi da ti on and
for ma ti on of OH• – in the Fen ton re ac ti on. Cp is not
only a fer ro xi da se but al so a sca ven ger of ROS. In
ace ru lop las mi ne mi a, many re ports sho wed a mar -
ked in cre a se in li pid pe ro xi da ti on in ce reb ral spi nal
flu id and bra in tis su es of pa ti ents.19,20

In this study, we fo und that se rum Cp oxi da se
ac ti vity was sig ni fi cantly hig her in first and se cond
study gro ups than that of the con trol gro up. Of the
ex tra cel lu lar an ti o xi dants, Cp oxi da se oxi di zes Fe2+

to Fe3+ and fa ci li ta tes bin ding of fer ric iron, Fe3+, to
trans ffe rin (Trf). Trf in hi bits iron-ion de pen dent
OH• – for ma ti on from hydro gen pe ro xi de (H2O2).4,5

In cre a sed Cp oxi da se ac ti vity may be a pro tec ti ve
res pon se to an in cre a se in cir cu la ting un bo und Fe2+

du e to in cre a sed oxi da ti ve stress in res pon se to
ACS-in du ced rats in our study, which act as a ca ta-
lyst for furt her fre e ra di cal-in du ced li pid pe ro xi da -
ti on. 

It has be en re por ted that ROS played a role in
the pat ho ge ne sis of a num ber of di se a ses. ROS are
ca pab le of re ver sibly or ir re ver sibly da ma ging com-
po unds of all bi oc he mi cal clas ses, inc lu ding nuc le -
ic acids, pro te in, fre e ami no acids, li pids and
li pop ro te ins, car bohy dra tes, and con nec ti ve tis su e
mac ro mo le cu les. The se spe ci es may im pa ir cell ac-
ti vi ti es such as mem bra ne func ti on, me ta bo lism,
and ge ne ex pres si on. Pro pa ga ti on of da ma ge re sults
in a re pe a ted cha in re ac ti on. When the ba lan ce be-
t we en ROS pro duc ti on and the an ti o xi da ti ve de-
fen se mec ha nisms is im pa i red, ROS le vels may
in cre a se. When ROS are not re mo ved by na tu ral
sca ven gers, da ma ge oc curs thro ugh pe ro xi da ti on of
struc tu rally im por tant pol yun sa tu ra ted fatty acid
wit hin the phosp ho li pid struc tu re of the mem bra -
nes. Li pid pe ro xi da ti on dec re a ses both the flu i dity
and the bar ri er func ti on of mem bra nes, re sul ting
in dis tur ban ces in struc tu ral or ga ni za ti on, enz ymic
in hi bi ti on, and pos sib le cell de ath. In ad di ti on, li -
pid pe ro xi des may in hi bit pro te in synthe sis, block
mac rop ha ge func ti on, and al ter che mo tac tic ac ti -
vity.4,5,21,22

When ACS de ve lops, it is man da tory to de-
com press the ab do men sur gi cally as so on as pos si-
b le. Although this ca u ses re per fu si on of ab do mi nal
or gans and it al so pro du ces ar te ri al hypo ten si on. It
is well known that re per fu si on of the isc he mic tis-
su e may pro mo te the ge ne ra ti on of ROS, which are
known to ha ve de le te ri o us ef fects on va ri o us cel-
lu lar func ti ons.1,24 The or gan dysfunc ti on that ac-
com pa ni es this con di ti on is ge ne rally as so ci a ted
with in cre a sed mic ro vas cu lar per me a bi lity, in ters -
ti ti al ede ma, im pa i red va so re gu la ti on, inf lam ma -
tory cell in fil tra ti on, pa renc hi mal cell dysfunc ti on
and nec ro sis.1,25 Ischemia/reperfusion eli cits an acu -
te inf lam ma tory res pon se cha rac te ri zed by ac ti va -
ti on of ne ut rop hils. Ac ti va ted ne ut rop hils are
known to in du ce tis su e in jury thro ugh the pro duc -
ti on and re le a se of ROS. Li pid pe ro xi da ti on, as a
fre e ra di cal ge ne ra ting system, has be en sug ges ted
to be clo sely re la ted to isc he mi a-re per fu si on-in du -
ced tis su e da ma ge, and MDA an im por tant in di ca -
tor of li pid pe ro xi da ti on.1,23-26 In the study, we
fo und that se rum MDA le vels we re sig ni fi cantly
hig her in first and se cond study gro ups when com-
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pa red to the con trol gro up in ex pe ri men tal ACS.
Our re sults for MDA va lu es, which is an im por tant
in di ca tor of oxi dant stress, are in ag re e ment with
that ob ta i ned by Se ner et al.24

In conc lu si on, this is the first study that in ves -
ti ga tes si mul ta ne o usly Cp oxi da se ac ti vity and
MDA le vels, an in di ca tor of li pid pe ro xi da ti on, in
ex pe ri men tal ACS-in du ced rats. We fo und the in-
cre a sed Cp oxi da se ac ti vity and MDA le vel we re
sig ni fi cantly hig her in first and se cond study gro -
ups when com pa red to the con trol gro up. The se re-

sults sug gest that ROS play a ro le in ACS in rats.
The rapy with an ti o xi dants may le ad to the in cre a -
se in the an ti o xi dant de fen se system and thus im-
pro ve ment in cli ni cal symptoms in ACS. Furt her
stu di es inc lu ding de ter mi na ti on of 4-hydroxy-2-
no ne nal (HNE), a mo re spe ci fic pe ro xi da ti on pro -
duct of es sen ti al fatty acids, par ti cu larly arac hi-
do nic acid, in ad di ti on to MDA and Cp oxi da se as -
say are ne e ded to pro vi de de fi ni ti ve in for ma ti on
abo ut the re la ti ons hips bet we en li pid pe ro xi da ti on
and an ti o xi dant system in ACS.
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