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Evaluation of Lipid Peroxidation and Antioxidant Status in
Myocardial Tissue and Coronary Sinus Blood of Patients
Undergoing Cardiopulmonary Bypass

Kardiyopulmoner Baypas Uygulanan Hastalarda Miyokard
Dokusu ve Koroner Siniis Kaminda Lipid Peroksidasyon ve
Antioksidan Durumun Degerlendirilmesi

Hiiray ISLEKEL! Baran UGURLU? Eyiip HAZAN?
Nurien SAYDAM! Okay SAYDAM! Outekin OTO?
Giil GUNER!
Abstract GSSG concentrations were found significantly elevated in

Reperfusion of the ischemic heart of the patient on car-
diopulmonary bypass (CPB) causes generation of oxygen
derived free radicals which play an important role in post-
ischemic lissue damage. These free radicals are removed by
intracellular and extracellular scavenger enzymes and low
molecular weight antioxidant substances. The present study
was underiaken to evaluate the major antioxidant starus
markers, namely. superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GSH Px), glutathione re-
ductase (GR) activities, as well as oxidized glutathione
(GS5G), reduced glutathione (GSH) concentrations and
GSH/GSSG ratio in myocardial tissue and plasma obtained
[rom coronary sinus blood samples of patients undergoing
CPB (n=19). All samples were also analyzed for thi-
aharbituric acid reactive substances (TBARS) levels for
lipid peroxidation assessment. Myocardial tissue samples
from the right atrial free wall of patients were obtained be-
fore aortic cross clamping (basal staus) (TO) and just after
sortic declamping (beginning of reperfusion) (T 1). Blood
samples were obtained from the coronary sinus of hep-
arinized patients under total CPB at six different intervals:
before portic cross clamping (basal status) (T0), immedi-
ately after aortic cross clamping, while the first antegrade
cold blood cardioplegia was administrated (beginning of
ischemia) (T!}, while the second antegrade cold blood car-
dimplegia was administrated (app. 20 min after clamping)
(T2}, before aortic declamping, while warm blood car-
dioplegia was sdministrated (T3), just after aortic de-
clamping (beginning of reperfusion) (T4), 20 min after de-
clamping (late reperfusion) (TS). In myocardial tissue, as
compared o the basal status, while 50D activities and
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T1, significant decreases were ohserved in GSH Px and GR
activities as well as the GSH/GSSG ratio in the same period
(p<0.05). In plasma, compared to the basal staws, SOD
activitics were significantly decreased in T1, T2 and T4:
CAT actvities were significantly decreased in TI, in-
creased in T4 and T5, GSH Px activities were significantly
decreased both in T1 and T2, While the GSH/GSSG ratio
was found significantly elevated in T2 compared to only
T1, GSH concentrations were augmented in T2 when
compared to both TO and T1. Significant lipid peroxidation
15 determined neither in myocardial tissue nor in plasma al
all time intervals, It can be concluded that; myocardial tis-
sue and coronary sinus plasma antioxidant mechanisms are
changed without evident lipid peroxidation in patients on
cardiopulmonary bypass undergoing coronary bypass sur-
gery using hot shol perfusion in combination with cold
hlood cardioplegia; however the antioxidant status changes
observed in the plasma do not completely reflect the anti-
oxidant capacity of the myocardial tissue.

Keywords :  lipid peroxidation, antioxidant status,
coronary sinus plasma, myocardial tissue, cardiopulmonary
bypass

COrzet

Kardiyopulmoner baypas alundaki hastalarda iskemik
kalbin reperfilzyonu, post-iskemik doku hasannda rol oy-
nayan oksijen kaynakh serbest radikallerin olusumuna vol
agmaktadir. Bu serbest radikaller hilcre igi ve digi an-
tioksidan enzimler ve molekiller tarafindan ortadan kal-
dinlirlar. Bu galigmada kardiyopulmoner baypas altindaki
hastalarda (n=19) miyokard dokusu ve koroner siniis kan
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omeklerinde temel anticksidan durum behnteglen olan; su-
peroksid dismulaz (SOD), katalaz (KAT), glutatyon pe-
roksidaz (GSH Px), glutatyon rediktaz (GR) aktiviteleri
yamsira okside glutalyon (GSSG), redikie glutatyon
(GSH) konsantrasyonlan ve GSH/GSSG oram incelendi.
Aynca tim dmeklerde lipid peroksidasyon gistergesi ola-
rak tiyobarhitirk asid ile reaksivona giren madde mik-
tarlan belirlendi, Miyokard doku Smekler hastalann saf
atnum serbest duvanndan aorik kros klemp Sncesinde
(bazal durum) (TU) ve kros klempin kaldinlmasindan
hemen sonra (reperfizyon baglangict) (T1) alindi. Kan or-
nekleri ise kardiyopulmoner  baypas altnda, heparinizc
cdilmiy olan hastalanin koroner sintslerinden aln degisik
ramanda elde edild;; aontik kros klempleme oncesinde
(bazal durum) (T0), kros klemplemeden hemen sonra, ilk
anlegrad sofuk kan kardiyoplejisi verilirken (1skemi bay-
langier) (T1}, ikinei antegrad sofuk kan kardiyoplejisi ve-
rilirken (klemplemeden yaklasik 20 dk sonra) (T2), kros
klempin kaldinlmasindan Once sicak kan kardiyoplejist
verilitken (T3), kros klempin kaldimimasindan hemen
sonra (reperfizyon baglangici) (T4), kros klempin kal-
dinlmasindan 20 dk sonra (geg reperfizyvon) (TS Mi-
yokard dokusunda; bazal degere (TO) gire, T1 de SOD ak-
tivitesi  ve G350 konsantrasyonu anfamh yiksek bu-
Iunurken, GSH Px ve GR aknwvitelen ve GSH/GSSG aram
azalimig olarak belirlendi (p=0.05), Plazmada; bazal degere
(TO) gre, SOD skuvitesi T1, T2 ve T4 zamanlannda an-
lamh dizeyde azalmig, KAT aktivitesi Tl de azalirken T4
ve TS zamanlannda artmig, GSH Px akrivitest ise hem T1
hem de T2 de szalnug olarak belirdendi (P<0.05), GSHY
(586 oram T2 de T1 & kiyasla artmug olarak belirlenirken,
GSH konsamtrasyonu T2 de hem T1 hem de TO a gice
yuksek bulundu (p<0.05). Miyokard dokusunda ve plaz-
mada bazal degerler ile karsilastinldiginda anlamb lipid
peroksidasyon Gribndl varhii hig bir zaman igin saptanmadi,
Sonug olarak, koroner bypass operasyonlunnda kar-
diyopulmoner baypas altinda soffuk kan kardiyoplejisi ya-
misira hot shot sicak kardiople)i uygulanan hastalarda mi-
yokard dokusu ve koroner sints plazmasinda belirgin bir
lipid peroksidasyonu olmaksizn antioksidan mekanizmalar
etkilenmektedir, ancak plazma antioksidan durumundaki
degigiklikler miyokard dokusununun antivksidan  ka-
pasitesini tamamen yansitmamaktadir,

Anahtar kelimeler  : antioksidan durem, lipid pe-
roksidasyonu, koroner sintis plazmasi, miyokard dokusu,
kardiyopulmaner baypas.

INTRODUCTION

Cardiopulmonary bypass (CPB) 15 a1 widely used
operative technique in cardiovascular surgery (1).
However, oxygen [ree radicals produced during CPB
due to ischemia-reperfusion and those gencrated by
the "whole body inflammatory response” contribule
to the morbidity and mortality after cardiac surgery.
Oxygen free radicals can damage biological mole-
cules including proteins, lipids and nucleic acids; it is

particularly peroxidation of lipid membranes which
results in disturbance of cell structure and function
(2). Although the vascular endothehal cells and ac-
tivated neutrophils are implicated in part as free rad-
ical source in ischemia reperfusion process during
CPB, most of the free radicals are generated intra-
cellularly by electron leakage frem the mitechondrial
electron transport chain and cellular membranes.
Starting from the onset of reperfusion and induce bi-
omembrane peroxidation (3-3). Thus the intracellular
antioxidant capacity of the tissue affected from is-
chemia reperfusion is particularly important for the
pnmary endogenous defense against free radical in-
duced injury (6). The myocardium contains abundant
supcroxide dismutase (SOD), and therefore the su-
peroxide formed upon returm of molecular oxygen
will be rapidly dismutated to hydrogen peroxide. A
selenoenzyme, glutathione peroxidase (GSH Px) and
cataluse (CAT) are the unique enzymes 1o degrade
hydroperoxides and therefore act in concent with
S0D. However, in heart muscle, since catalase is al
low concentrations, hydrogen peroxide 15 mainly re-
duced to water by GSH Px using reduced glutathione
(GSH). In this process an equivalent of glutathione
disulfide (GSSG) is produced and recycling of GSH
through NADPH-dependant glutathione reductase
(GR) must be achieved for the protection to be main-
wined (7.8).

There is a considerable number of studies in-
vestigating the oxidative siress in coronary sinus
plasma during cardizc surgery with CPB. In most of
these studies some of the antioxidants and/or lipid
peroxidation end products are assessed (1,2,5,9-19),
Although the resulis of these studies reveal the aliered
antoxidant capacity during CPB, conflicting experi-
mental data have been published, probably due 1o the
various cardioplegia techniques employed andfor the
differences between sampling times used in the stud-
IS,

Little is known about the changes of the intra-
cellular antioxidanis and lipid peroxidation levels in
myocardial tissue, as well as to which extent the
changes of these antioxidants and lipid peroxidation
product contents in coronary sinus plasma may reflect
the status of the myocardial tissue during CP'B. To
date there is a limited number of studies evaluating
the lipid peroxidation and the antioxidant seatus of the
myocardial tissue (11,16,20-22). Furthermore, we
could not find any report in the literature on the cor-




Biyvokimya Dergisi
Ekim-Kasim-Aralik/ 1999 T
Sayn : 4, Cilr : 24 A—

relation between the myocardial tissue and the cor-
onary sinus plasma values of the oxidative stress pa-
ramelers.

This study was carried out to investigate the
changes of the myocardial tissue and plasma anti-
oxidant defense systems against oxidative stress and
lipid peroxidation extent during CPB. With this aim,
we determined the aclivities of major antioxidant en-
zymes (SOD, CAT, GSH Px and GR), in addition to
GSH, GS8G concentrations and the GSH/GSSG ratio
in tissue and coronary sinus plasma. A an index of
lipid peroxidation we measured thiobarbituric acid
reactive substances (TBARS) levels.

MATERTALS AND METHODS
Patients and samples

Nincteen coronary bypass paticnts operated under
CPB in the Department of Thoracic and Car-
diovascular Surgery, Dokuz Eylill University, School
of Medicine from May 1997 to April 1998 were in-
cluded in this study. Their mean (£5D) age was 65.47
£ 4.45 and the woman/man ratio was 8/11. Informed
consent was obtained from all patients and the study
was approved by our local ethics committee.

In order 1o obtain homogenous groups and Lo ap-
ply the same surgical technique, the study group was
chosen from elective coronary bypass patients, with
no recent myocardial infarction history, left main
coronary artery disease and accompanying pa-
thologies such as diabetes mellitus, chronic renal in-
sufficiency or cerebrovascular disease. All of the pa-
ticnts were operated by the same surgical team.
Median sternotomy under general anesthesia was ap-
plied 1o all patients. Then with routine aortic and bi-
caval canulation cardiopulmonary bypass 15 es-

Table Ia: Tissue sampling times

tablished, During the operation, antegrade cold blood
cardioplegia (8-10°C, 1000 mL: 300 mL bloed, 700
mL Abbott PlegisolB) was administrated twice: the
first one being just after the aortic cross clamping and
the second one approximately twenty minutes after
the first one. Before cross clamp release, warm pump
blood (37°C, 500 mL) was induced to all patients. All
patients were heparinized 20-30 minutes before the
onset of CPB with a dose of 3mg/kg heparin in order
to maintain four Umes increased activated clotting
time (ACT) during the whole procedure. Blood sam-
ples from the coronary sinus and myocardial tissue
samples from the right atrial free wall were obtained
at the intervals shown in Table 1.

All blood samples were centrifuged at 3000 rpm
for 10 min, The plasma obiained, and the ussue sam-
ples washed with isotonic saline solution were siored
at -70°C before analysis.

Tissue Preparation

10 % tissuc homogenates were prepared in 50 mM
phosphate buffer solution (pH 7.4). The homogenates
were centrifuged at 100 000 x g for 60 min 1o obtain
the cytosolic fraction. All of the parameters excepi
TBARS were assayed in the cywosolic fraction,
TBARS concentration was determined in 109 Ussue
homogenates prepared in 150 mM ice cold KCL

Biochemical analysis
S0D Determination

The method vsed for superoxide dismutase actv-
ily assay is a slight modification of an indirect in-
hibition assay developed by Sun et al (23). Xan-
thine-xanthine oxidase is unlized to generate a
superoxide flux. Nitroblue etrazolium reduction by
072 to blue formazon is determined at 560 nm spee-

TO Under total CPB, before aortic cross clamping (basal status)
T1 Under total CPB, just after aortic declamping (beginning of reperfusion)

Table I b: Plasma sampling times

TO Under 1otal CPB, before aortic cross clamping (basal status)

T1 Under total CPB, immediately after aortic cross clamping, while the first antegrade cold blood car-
dioplegia was administrated (beginning of ischemia)

T2 Uinder total CPB, while the second antegrade cold blood cardioplegia was administrated {app. 20

min after clamping)

T3 Linder total CPB, before aortic declamping, while warm blood cardioplegia was administrated
T4 Under total CPB, just after aortic declamping (beginning of reperfusion)
TS Under total CPB, 20 min after declamping (late reperfusion)
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trophotomeltrically. The SOD in the samples com-
petes for 074, inhibiting the reaction rate of 075 with
the indicator scavenger (NBT). The percentage of this
inhibition is the basis on which the amount of activity
is estimated. The results were expressed as U/mL for
plasma and U /mg protein for tissue.

CAT Determination

Catalase activity was determined using the meth-
od of Goth (24) which is a spectrophotometric assay
of hydrogen peroxide based on formation of its stable
complex with ammonium molybdate. The results
were expressed as UdmL for plasma and U /mg pro-
tein for tissue.

GPX Determination

Glutathine peroxidase activity was determined
with a modified procedure of Paglia et al (25) and
Lawrence ¢t al (26). In this method, reduced glu-
tathione (GSH) concentration is kept constant with
the addition of exogenous glutathione reductase (GR)
and NADPH. GSH is oxidized to GSSG in the pres-
ence of GPX in the sample. GSSG is again reduced to
GSH with GR catalysis. NADP production is fol-
lowed with the absorbance decrease at 340 nm. The
resulis were expressed as U/ for plasma and nmol/
min/mg protein for tissue.

GR Determination

In the presence of GSSG and NADPH as substrate
and coenzyme respectively, glutathione reductase in
the sample catalyses NADP production. The reaction
15 followed with the absorbance decrease at 340 nm
(27). The results were expressed as U/L for plasma
and nmol/min /mg protein for tissue.

Glutathione Determination

Reduced and oxidized glutathione levels was de-
termined according to the method of Teare ot al (28),
GSSG is reduced 1o GSH with GR and NADPH., The
colored product formed with the reaction of GSH and

DNTB (5,5 Ditivo-bis 2-nitrobenzoic acid) is de-
termined at 412 nm spectropholometrically. The re-
sults were expressed as pmaol/L for plasma and nmol
fmg protein [or tissue.

TBARS derermination

TBARS determination was made in tissue ho-
mogenates and plasma using the methods of Uchiama
{29) and Stocks (30), respectively, Malondialdehyde
in the samples reacts with thiobarbituric acid. The
color formation is assessed spectrophotometrically at
535 nm. The results were expressed as  mol/L for
plasma and nmol /mg protein for tssuc,

Protein Determination

In tissue samples, total protein concentration in
the cytosols and the homogenates were determined by
Lowry's (31) method,

Staristical analysis

Results were expressed as mean & standard error
of mean. Differences between the paired time groups
were analyzed by Wilcoxon Matched-Pairs Signed-
Fanks test. Differences were considered significant
at a probability level of p<0.05.

RESULTS

Statistically significant increase in lissuc 50D
activity and GSSG levels 15 observed with reper-
fusion compared to the basal status (p=<0.05). Al-
though the catalase activity and TBARS levels were
also increased in the same period, this was not sig-
nificant. With reperfusion, tissue GPX, GR activiues
and the ratio of reduced to oxidized glutathione were
significantly diminished compared to the basal stutus
(p<0.05), while the decrease in GSH levels alone was
not statistically significant (Table 11).

The paired differences in plasma SOD, CAT,
GSH Px, GR aclivitics and G5H, GS5G, TBARS
levels and GSH/GSSG ratio in various paired ume

Table IT: The differences in paired time groups for tissue SOD; CAT, GSH Px; GR activines, GSH, GSSG,

TBARS concentrations and GSHIGS_;{G ratio

Paired Times Paired Diflerences
S00 CAT GSH Px GR GSH G556 GSHGSSG TBARS
(Limg protein)  (Wimg protedn)  (nemalmin'm protein)  (nencbimindmg protein) - (nmakimeg progeing  (nemckimg peoln) (nemadimig prodein)
T0-T1(n=19) 4244177 0274038 799 2.32° 14184 33" (764064 00200 B68+ 325" .14:0.08

*pdll5
(+) positive values represent a decroase
() nepativa values represent an Increasa
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groups are shown in Table IlI and Table 1V. Sia-
tistically significant decrease is observed in plasma
superoxide dismutase activities just at the beginning
of ischemia, 20 min after ischemia while the first
cardioplegic solution is given and at the beginning of
reperfusion when compared to the basal status
(p<0.05). In the blood, collected just after the ad-
ministration of hot cardioplegic solution, superoxide
dismutase activities seems to be significantly in-
creased in comparison to the values belonging to the
time of 20 min ischemia (p<0.05).

During the CPB, plasma catalase activities show
a significant decrease at the beginning of ischemia, as
compared to the basal status (p<0.05). Although an
increase is observed in the activity of this enzyme
with the beginning of reperfusion and 20 min reper-
fusion periods compared to the basal status, a sig-
nificant decrease was observed just at the beginning
of reperfusion when compared to the activity obtained

Jjust before the reperfusion and hot cardioplegia ap-
plication (p<0.05).

In comparison to the basal sitatus, glutathione
peroxidase activilies were significantly decreased
with the beginning of ischemia and 20 min after is-
chemia (p<0.05).

Reduced glutathione is found significanty in-
creased in plasma 20 min after ischemia while the first
cardioplegic sulution is given as compared (o the basal
status and to the beginning of ischemia (p<0.05).

The ratio of reduced to oxidized glutathione is
significantly increased 20 min after ischemia while
the first cardioplegic solution is given as compared o
the beginning of ischemia (p<0.05).

There were no statistically significant differences
between all these paired ume groups for glutathione

reductase, oxidized glutathione and TBARS plasma
values.

Table ITI: The differences in paired time gruops for plasma antioxidant enzyme activitics and TBARS levels

Paired Times Paircd Differences
S0D CAT GSH Px GR TBARS
n (UimlL) {U/mL) (U/L) {U/L) (L mol/L)
TO-T 1 19 2482104 1.021052%* 130514.68* -195+4.88 0.18+£0.12
TO-T2 19 1LB7+£097* 0752045 12.00+644% -6.824535 0.09 £0.11
TA-T3 19 2724151 -012+0.17 263+376 -787+733 0.18+0.17
TO-T4 19 316+ 1.26% - 1.86+0.90% 3.22+£3.13 -4.27+551 ni6+0.12
TO-TS 19 3142131 -1.88120.71* 1362441 -673+6.52 0.16+0.09
TI1-T2 19 048 +042 -002+002 -161£317 -376x301 -00810.10
T2-T3 19 -0.13+031* -125+070 -953+498 -300+7.24 0.04 £0.11
T3T4 19 -0L12+0384 2,11 +1.65* 0334268 067+597 -006+005
T4-T5 19 - 005 £0.18 052+045 -277+328 -255+6.806 006012
*p<0.05

(+) positive values represent a decrease
{-) negative values represent an increase

Table IV: 'The difterences in paired time gruops for the plasma glutathione parameters (GSH, GS5G, GSH/GSSG)

Paired Times

Paired Differences

n GSH (p mol/L) G556 (4 mol/L) GSH/GSSG
TO-T1 19 030 +0.26 0.01 £ 0.02 1.6 1.16
TO-T2 9 -0.83+0.35* - 001 £0.03 -357£1.71
TOT3 19 -0.65+£0.38 0.01 £0.02 -2.18+1.51
TO-T4 19 -0.56 £0.32 -0.01 £0.03 -0.32+131
TO-TS 19 029+ 0.32 0.01 £0.02 0.88 £ 1.26
TI-T2 19 -0.98 + (.33~ -0.01 £0.02 -4.30 = 1.57*
T2-T3 19 0.29 +0.39 -0.01 £0.03 1.93 £2.28
T3T4 19 -0.45£0.34 0.02+0.02 -1.27£ 199
T4-T35 19 0.25£0.38 0.02 +0.02 1.0841.70

*p<0.05

(#) positive values represent a decrease
{-) negative values represent an increase
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DISCUSSTION

It has been shown that in patients undergoing car-
diopulmonary bypass, termination of ischemia by the
resumplion of coronary perfusion, although necessary
for myocardial recovery, can result in a paradoxical
extension of ischemic damage, the so-called is-
chemia-reperfusion injury. A large body of evidence
indicates thal this injury is mediated by oxygen-
derived free radicals, which are maximally produced
at the onset of myocardial reperfusion (5). These free
radicals may initiate lipid peroxidation by aracking
the susceptible cellular components, especially the
cell membrane which consists of lipids containing
unzaturated double bonds. Lipid peroxides disturb the
structure of cell membrane causing changes in
permeability and possibly leading 1o cellular death. 1t
i5 also known that cells have an elaborale defense
system aguinst free radicals, consisting of antioxidant
enzymes and low molecular weight substances. These
antioxidants help to keep the sicady state concentra-
tions of active oxygen at acceplable levels under
physiclogical conditions, and their inhibiiion can in-
duce a prooxidant state (32).

The results of our study on myocardial tissue pa-
rameters can be interpreted as follows: We have
shown thal, in myocardial tissue, most of the intra-
cellular antioxidants change with reperfusion, in pa-
tients on cardiopulmonary hypass undergoing cor-
onary bypass surgery. The increase in the tissue
activity of superoxide dismutase, the unique anti-
oxidant enzyme 1o dismutase the superoxide radical,
gencrated the first in ischemia-reperfusion period
might be explained with the rransient substrate in-
duction of this enzyme by the superoxide radicals
presumably  produced  with reperfusion of myo-
cardium (33),

The demonstration that tissue glutathione is oxid-
ised to GSSG, and the deerease in the ratio of reduced
to oxidized glutathione prove thal intracellular anti-
oxidant defenses are actively engaped during reper-
lusion of the heart, Tt is known that GSH, directly or
indirectly as a cosubstrate of glutathione peroxidase,
plays an essential proteclive role against oxygen re-
active species. This mechanism results in increased
formation of glutathione disulphide (13). This might
explain our data on, the decrease in the glutathione
peroxidase activity, the major enzyme that me-
tabolizes hydrogen peroxide produced either by SOD

reaction or other sources, by using reduced glu-
tathione as cosubstrate (6). The concentration of re-
duced glutathione might be also diminished related 1o
the decreased activity of glutathione reductase, the
enzyme which accomplishes the recycling of reduced
glutathione from glutathione disulphide. The re-
duction in both glutathione peroxidase and glu-
tathione reductase activities might also be due w be-
ing overwhelmed by sudden pencration of free
radicals upon reperfusion as Kilgore et 2l have ex-
plained (4).

In our study catalase activilics in myocardial tis-
sue did not change in the tme course of car-
diopulmonary bypass. It is known that catalase is a
peroxisomal enzyme which catalyses the wo-
electron dismutation of hydrogen peroxide to mo-
lecular oxygen and water as glutathione peroxidase
does (7,8), The unchanged catalase activities in our
study might be related to two factors: firstly, the low
concentration of this enzyme making the detection of
change in activity impossible techncally; sccondly,
the peroxisomal localization, providing safe en-
vironment [or catalase keeping it {rom reacting with
hydroperonides produced out of the peroxisomes
(8).

The slight and statistically insignificant increase
in tissue TBARS levels reveals that the myocardium
is protected well from lipid peroxidation with cellular
and extracellular antioxidants or with (he car-
dioprotection  techniques  used during  car-
diopulmonary bypass, or hoth.

There is a very limited number of studies in-
vestigating the cardiopulmonary bypass-induced ox-
idative stress in myocardial tissue (11,16,20-22). The
results of a study designed Lo assess the activities of
glutathione peroxidase, glutathione reductase, glu-
tathione Llransferase, copper/zinc-containing and
manganesc-containing  superoxide dismutase and
catalase in right atrial myocardium of patients under-
going coronary bypass surgery, reveal both the in-
duced activation of the studied eneymes and the
TBARS increase in the samples obtained 5 min. after
aortic cross clamping when compared to those of
precross clamping (16). This is somewhat a similar
study to ours considering the biochemical parameters
examined in the lissue and the localization of the bi
opsy material collected; however both the car-
dioplegic solution used and the sample collection
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times differs from ours; the second sample repre-
senting only the ischemia, but not ischemia and re-
perfusion as in our study. Thus, although cur finding
on the superoxide dismutase activity increase ob-
served in the right atrial tissue samples obtained afier
cross clamp release as compared (o basal stalus secms
parallel w the result Mezzeti's study, the comparison
of the data found in these iwo studies need (o be pre-
cautiously evaluated duc o the above-mentioned
reasons. In another study performed on 20 patients
who underwent open-hearl valve replacement under
cardiopulmonary bypass, the effects of myocardial
preservation is examined in radial artery blood with
the activity assays of alanine aminotransferase
(ALT), aspartate aminotransferase (AST) and lactate
dehydrogenase (LDH), while in biopsy specimiens
from the right atrium, activities of superoxide dis-
mutase, creatine  kinase and levels of mal
ondialdehyde were studied. This investigation is the
only similar one in the literature to ours, firstly, being
designed to study the effects of ischemia and reper-
fusion both in blood and in myocardial tissue and
secondly. reporting unchanged lipid peroxidation
between the ischemic period and the reperfusion pe-
rod (1), The unchanged superoxide dismutase ac-
livities observed in Yuan's study are not parallel with
our resulls, probably due 1o the dilferent reperfusion
periods and the cardioplegia wechnigues applied.

‘T'he results of our study on the plasma antioxidant
enzymes, SOD. CAT and GSH Px. can be interpreted
as follows: An explanation for the interaction of these
three enzyme activities is brought by Mantha et al
(34). According 1o this; the activities of GSH Px 18
mhibated by superoxide radicals, while 80D is in-
hibited by hydrogen peroxide. Thus, in our siudy
probably the increased superoxide radicals in plasma
ingctivaled GSH Px leading o an increase in hydro-
peroxides which cause an inhibition of SOD activity,
The decrease in plasma calalase activities observed
immediately after aortic clamping might be explained
in the same way, however il is nol casy Lo bring an
explanation both to the increased catalase activitics
found in the later periods and the increased reduced
glutathione levels observed 20 min after ischemia as
compared to the basal status and 1w the beginning of
ischemia.

Our data on the three glutathione parameters
(GSH, G556 and GSH/GSS0 ratio) are evaluated as
follows: Reduced glutathione is found significantly

increased in plasma 20 min afier ischemia as com-
pared to the basal status and to the beginning of is-
chemia. Although these resulis are partly in good
correlation with the increase in GSH/GSSG levels
ohserved in plasma samples obtained in the same pe-
riods, noe significant change is observed in plasma
GS5G levels in the identical periods of GSH increase.
Parallel with the increase in oxidized glutathione
levels in myocardial tissue with reperfusion, elevated
GSSG levels might be expected in the plasma due o
the active transport of intracellularly generated GSSG
across the cell membrane The unchanged plusma
GSSG levels might be either due to the ability of the
cell to produce equivalents for GSSG reduction or the
adequate GSH levels in the plasma to reduce GSSG
{13}). Flasma glutathione reductase activities also did
not change during the whole procedure in spite of a
decrease in lissue aclivity, assayed in the samples
representing reperfusion when compared to those of
the basal stats. Furthermore, plasma GSH/GSSG
change is not correlated with those of the tissue sam-
ples belonging to the identical periods.

When the data on the myocardial tissue are an-
alvzed for a possible correlation with plasma: Re-
garding the activities of superoxide dismutase and
catalase in addition to the glutathione redox status,
the inconsistencies between plasma and tissue values
increase might be explained by the differences in the
antioxidant capacites of plasma, particularly the
ervthrocyies and the myocardial tissue or the dilution
of plasma caused by the cardioplegic solutions em-
ployed or a combination of these (1), The unchanged
TBARS values across the all paired time groups are
in good correlation with the tissue results and reveals
that a significant lipid peroxidation did not take place
in plasma in the time course of CPB.

The results of several studies carricd on paticnts
undergoing cardiopulmonary bypass wilth various
cardioplegic technigues applicd for myocardial pro-
tection have evidenced that, ood values of varous
antioxidants is either changed or remain unchanged
and lipid peroxidation markers might be scen in the
course of the operation (5,9-11,15,17,35-37). Biagioli
et al (%) have tound that, plasma glutathione redox
status is not changed with continuous warm blood
cardioplegia in patients who underwent coronary ar-
tery bypass surgery with canliopulmonary bypass.
Mezzetti el al (5) have also ohserved that significant
release of reduced and oxidized glutathione and lipid
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peroxidation products is not seen in plasma 20 min.
after aortie cross clamp removal with antegrade warm
blood cardioplegia. Inal et al (1) have reported el-
cvaled erythrocyte catalase and glutathione reductase,
but unchanged glutathione peroxidase activities in
carly and late reperfusion periods, during car-
diopulmonary bypass established on patients under-
going open heart surgery for various cardiac pa-
thologies, In another study investigating the effects of
cardiopulmonary bypass on erythrocyte antioxidant
status and lipid peroxide level, superoxide dismulase
activities were found reduced significantly, while
lipid peroxide levels were increased with reperfusion
as compared to the values obtained before car-
diopulmonary bypass (15). In a study performed on
24 patients undergoing coronary artery bypass graft-
ing, total plasma antioxidant status were found sig-
nificantly lowered even after 72 h. following car-
diopulmonary bypass compared to the preoperative
vilues, while lipid peroxidation concentration was
found significantly elevated only 1.5 h. after the ces-
sation of CPB (17). In another study, in patients un-
dergoing elective coronary artery surgery, Cohen et
al {2} have determined decreased total plasma anti-
oxidant status in peripheral venous blood samples
obtained | h after the end of cardiopulmonary bypass
as compared to the preoperative values both with in-
lermittent aortic cross clamping with fibrillation, and
antegrade cold crystalloid cardioplegia. In the same
study, lipid peroxidation measurements were higher
in the same time interval when compared 1o the pre-
operative values. The results of these studies indicate
that, plasma antioxidant capacity might be changed to
counterbalance the oxidative burst following is-
chemia and reperfusion and lipid peroxidation end
provlucts might be seen in the plasma, in patients un-
dergoing cardiopulmonary bypass., While some of our
findings related to the plasma antioxidants are in line
with those of the above siudies, differences in the
cardioplegia techniques employed and the sample
collecion times may be responsible for the in-
consistencies between some other data,

The most meaningful finding in our study is lack
of correlation between most of the investigated myo-
cardial nssue and coronary sinus plasma values. Fur-
thermore, although in myocardial tissue, the changes
observed in single parameters could he correlated
with each other according to the widely accepted rules
of the oxidative stress, it is nol casy to bring an cx-
planation for the interaction of some of the parameters
studhied in the plasma. The vascular endothelial cells

and activated neutrophils are implicated in part as
free radical sources in ischemia-reperfusion process
during CPB. The infiltration of neutrophils into the
ischemic zone begins within 60 min. after the onset
of ischemia and increases progressively for up 1o 90
min, after reperfusion (4 ). However, in our study the
sample collection times do not coincide with the
mentioned periods, Thus, the more meaningful re-
sults obtained in the tissue, which represents mostly
the intracellular oxidant-antioxidant processes beuer
than the plasma, might be related 1o the dominantly

intracellular origin of the reactive oxygen specics
during cardiopulmonary bypass. Another criticism
could be related first 1o the dilution of plasma by
cardioplegic solutions employed for myocardial pro-
tection which may cause false changes in the values
of studied antioxidants and lipid peroxide end prod-
ucts, and second the scavenging capacity of anli-
oxidants localized in erythrocytes where the free
radicals probably diffuse,

In conclusion, the changes in the myocardial ts-
sue and the coronary sinus plasma antioxidant en-
zyme aclivities as well as glutathione redox status
without evident lipid peroxidation during car-
diopulmonary bypass procedure could reveal that;
oxygen derived free radicals presumably gencrated
by the ischemia reperfusion of the heart or by a non-
specific effect of the perioperative state or a com-
bination of these are well balanced by the elaborate
cellular and extracellular antioxidant defense sys-
tems, and the heart is well protected with hot shot
perfusion in combination to cold blood cardioplegia
as Buckberg has claimed (38-40).

Tt can also be stated that; the changes in the anti-
oxidant parameters of the coronary sinus plasma do
not completely reflect the antioxidant status of the
myocardial tssue, Thus in patients undergoing car-
diopulmonary bypass, to evaluate the oxygen free
radical scavenging capacity of the myocardium ef-
fected from possible 1schemia reperfusion injury, it is
more valuable 1o investigale the antioxidant stalus of
the myocardial issue in addition to plasma.
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