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Measurement of plasma lipid hydroperoxide
Lipid hydroperoxide concentrations were mea-
sured using the Peroxoquant kit (lipid compa-
tible formulation) purchased from Pierce &
Warriner (UK) Ltd, Chester, UK. This assay is
based on the Fox 2 assay.21 The LPX in the
plasma converts ferrous iron to ferric iron at an
acidic pH. The ferric iron then complexes with
xylenol orange dye to give a chromagen with
absorption maximum at 595 nm. For each
sample to be tested, a blank was prepared in
which the plasma was pretreated with TRIS (2
carboxyethyl)-phosphine hydrochloride [TCEP;
Pierce & Warriner (UK) Ltd.] to reduce all the
hydroperoxides in the sample. All samples were
centrifuged at 12000g for 10min. The absor-
bance of the supernatant was measured at
595 nm on a Labsystem Mark 2 Plus ELISA
plate reader [Lire Science International (UK)
Ltd, Basingstoke, Hampshire, UK]. The absor-
bance difference between the "blank' and 'test'
plasma was read Ii'om a standard curve
generated with 0-15/IM H20" (Sigma Chemical
Company, Poole. Dorset, UK).

Blood sampling
Peripheral venous blood samples for TPAS,
LPX and cTnT were obtained before the
operation and I· 5, 6, 24 and 72 h after CPB.
The venous samples were drawn into vacuum

tubes containing dry lithium heparin and
immediately placed on ice. The plasma was then
separated within 30 min of collection by cen-
trifugation WC 3000 rpm for 10 min). All
samples were collected in the fasting state. The
plasma was then rrozen at - 70°C until analysis.
The samples were stored for up to I year.

Measurement of total antioxidant status
Total plasma antioxidant status was measured
using an assay kit purchased rrom RANDOX
Laboratories Ltd, Ardmore, Crumlin, Co An-
trim, UK. The assay \Vas based on a method
developed by Miller and coworkers.22 This is a
two reagent assay performed on serum or
plasma. ABTS [2,2 Azinobis (3 ethyl benzothia-
zoline 6 sulphonate)] is incubated with a
peroxidase (metmyoglobin) and H202 to pro-
duce the radical cation ABTS· +. This has a
stable blue-green colour which is measured at
600 nm on the Cobas Bio Version X326 analyser
(Roche Diagnostica, Roche Products Limited,
Welwyn Garden City, UK). Antioxidants in the
sample cause a suppression of this colour
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The aim of the present study was to assess
IIhdher, in patients undergoing CABG with
(I'll. tl)tal plasma antioxidant status (TPAS)
(ouldbe protective against oxidative stress (as
1Ilt<lsliredby LPX concentration) and against
(onsequent myocyte necrosis [using cardiac
lfl1poninT (cTnT) as an indicator].

Suhjrcls
Tllen\\,-four patients undergoing CABG with
(I'll I~'erestudied. The mean age for the group
\1:lS63 years (range 44-83 years) and comprised
Ii men and 7 women. Patients in cardiogenic
IhOCKwere excluded from the study. Informed
('(lnsentwas obtained from all patients, with the
approvalof the St Mary's Local Research Ethics
Committee.

Oprratil'e technique
After median sternotomy and harvesting the
internal mammary artery, 300 units/kg body
Ileightof heparin sulphate were intravenously
administered. When the activated clotting time
II:lS4XO s or more, cardiopulmonary bypass was
est:lblishedbetween a two-stage venous cannula
inIhe right atrium and the arterial return to the
:hceIHlil;gaorta. Additional heparin doses were
gilcn ev;ry hour to keep the activated clotting
limclonger than 480 s. A membrane oxygenator
lOlL n~embrane fibre oxygenator, Co be Inc.,
Delller. Colorado, USA) was used for extra-
lllrporcal circulation and the system was
primedwith I L of Ringer's lactate. Myocardial
proll'ction was achieved with the use of
intermittent fibrillation. Nasopharyngeal tem-
pcr:lillrewas maintained at approximately 33"C
during the CPB period. After the completion of
eachdistal anastomosis, the aortic cross-clamp
lIas I'dcased and the proximal anastomoses
IIcreperformed with the heart beating. Systemic
rCllanning was initiated shortly before the
(nmplctiO~l of the last distal anastomosis. No
nanKl'd blood was used during the operation.
Lp III 5 grafts were performed in each patient.
Ilith a mean ischaemia time or 47 ± 3·2 min
(r:ln~l' 24-92) and mean CPB time of
')'J:::'-4min (range 67-174).

.\nal'slhesia
'ioli'c of the patients received any drugs known
\0 inllilence measures of TPAS or LPX activity
peri, or postoperatively or during the operation
:lnd('PH.
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extracellular production of ROS during cardiac
surgery.s II ROS can be generated by actil'a\L'd ,
neutrophils,12-15 the electron transport chain or
mitochondria, the xanthine oxidase system. high
oxygen tension 1(, and other, as yet Unknl)\ln.
mechanisms.
There are several ways in which ROS arl'

capable of damaging the myocardium and
other organs.17 In consequcnce, all organisms
possess complex intracellular and extracel\ui:lr
antioxidant defence and rcpair mechanisms.
Oxidative stresslS occurs when these mechan,
isms are overwhelmed by the generation or
ROS. Oxidative stress can cause damage to
human cells by a number of different mechan,
isms.IV.2IJ Polyunsaturated fatty acids and other
membrane esters arc thc most susceptihk
classes of biomolecule to free radical at l<iCK.
The resulting lipid hydroperoxide (LPX) is
found at a cOllcentration proportional 10 the
amount of ROS.

Origillal Article

SUMI\IARY. Total plasma antioxidant status (TPAS), lipid peroxide conecntratil)n
(LPX) and cardiac troponin T (cTnT) were measured in 24 patients undcrg,)ing
coronary artery bypass grafting (CABG) with cardiopulmonary bypass (CPH).
Samples were obtained preoperatively and at 1·5 h, 6 h, 24 hand 72 h aner CPll. The
absolute TPAS values were significantly lower at 1·5 h, 6 h, 24 hand 72 h after C1'B
than were preoperative values (P < 0·05). The LPX concentration was signiJiclnli)
elevated at 1·5 h after CPB (P < 0·05). Cardiac troponin T concentrations IIere
significantly elevated at all timc points postoperatively (1'<0'05). Preoperative TPAS
values were significantly correlatcd with the magnitude of fall in TPAS at 1·5 h
(I' <0·05). The greater the fall in TPAS between 0 and 1·5 h, the less LPX was fl)J'lllcd
between a and 1·5 h. The LPX at 1·5 h displayed a signiflcant correlation with cTnT
release from myocardialmyocytes (1'<0·05). These data provide evidence for the
first time that the consumption of antioxidants during CABG surgery with CI'Il
protects against the production of reactive oxygen species and subscquentm)'ocytc
necrosis. Furthermore, the availability of protective antioxidants is dependent lIpon
preoperative TPAS.

Correspondence: Dr William Richmond.
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There is increasing evidence to suggest that
coronary artery bypass grafting (CABG) with
cardiopulmonary bypass (CP B) can result in
postoperative complicatioI's in the form of
reperfusion injury causing myocyte death. Cells
reversibly injurcd at the end of a period of
ischaemia become irrcversibly damaged at the
time of reperfusion. It has been previously
demonstrated by the indirect measurement of
lipid peroxidation productsl4 that the produc-
tion of reactive oxygen species (ROS) occurs
during CPll. During thc same time period, the
plasma concentration of cardiac troponin T is
also significantly increased. indicating myocyte
necrosis,S

Reactive oxygen species are dircctly cytotoxic
to the myocardialmyocytes6. 7 and it is currently
thought that myocardial reperfusion injury
centres around both the intracellular and
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This correlation was also apparcnt at 6, 24 and
72 h (data not shown) as well as with the area
under the cTnT curve (Fig, 7; P = 0.00(5).

Ischaemia time (CPB time) and TPAS, LPX
and cTnT
There was no significant correlation between the
fall in TPAS from time 0 to 1·5 hand CP8 time
or the number of grafts performed. Also, there
was no significant correlation betwcen the rise in
LPX and cTnT from time 0 to 1·5 h and the CPB
time or the number of grafts. There was also no
significant correlation between the area under
the curve of LPX and cTnT and CPB time or the
number of grafts performed.
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Preoperative 1·5h 6h 24h nh

TI'AS (1llIl1ol(L) 1'63±0'04 1·37*±0·05 1'39*±0'05 1'37*±0'03 1·51*±0·03
TI'AS(C) (mmol(L) \,6310,04 1,5710,04 1·58±0·04 I'54±O·()4 I·75*±0·04
LI'\(C) (11I11oI(L) 4'710'54 7·19*±0·78 5·56±0·85 5,66 ±0'63 5·64±0·47
dnfrCJ (ng/ml) 0·015 o·n* 1'39* 1'01* 0'64*

(0'01-0'04) (0·36-1·6) (0·55-3-09) (0'53-2·16) (0·33-1'33)
lIa'llwglobin (g(dL) 13·410·5 10'3*±0-4 IO'7*±0'4 II·I*±()·3 10·(,*±0·S

'csigJlilicant difference fr0111preoperative values (1'<0'05).

11111.1I. To/al plasllla an/ioxidall/ s/a/lis (TPAS), corrected TI'AS /TI'AS(C)}. lipid pcroxide cOllcelllra/ioll
iU.I'!. correc/ed cardiac /ropollill T / ('TIIT( C) J alld liaellloglohill \'alues preopera/i\'ely (II/(I a/ 1·5 Ii alld 6 Ii during
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Correlations between TPAS, LPX and cTnT
Therewas a signiflcant correlation (P ==0·0018)
hcl\ICl'11preoperative TPAS and the decrease in
TP;\~IC) from preopcrative values to those

'IIl,Nlred 1·5 h after CPB (Fig.4). Therefore,
. th, higher the preoperative TPAS value, the
greakr the rail in TPAS after 1·5h (Fig. 4).
Till decrease in TPAS(C) from preoperative

\~i1l1l' (between TPAS(C) timeOand time 1·5h)
,IWII,d a significant correlation with the in-
LTca" in LPX between time 0 and time 1·5 h
lhg': P==0·0221». So, the greater the fall in
TP(\~IC) between a and 1·5 h, the less LPX
farm.d over the same period.
Til,· LPX at 1·5 h displayed a signiflcant

corrc!::tion (P==0·00S7) with cTnT release from
1Il)lhlrdialmyocytes at this time point (Fig. 6).

\ 1'1(,1 i{L 2. Volullle-correc/ed lipid peroxide
//./'(', (') / cOl/cell/ra/ion (lIIeall±s/alldard error,
Ile ~~! el/ 1·5, 6, 24 al/(I 72 Ii alia ('{IrdiopIIIIIIOII{l/~\,

1 hll'".I,1 ICPB). • =sigllifican/ di!.fi.'rel/('e ./i'OIll /11'1'-
• "/'1'1'01/1',' \'alues (1'<0'01).
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Total plasma antioxidant status
During CPB, the absolute concentratl"11 of
TP AS showed a significant lhrease
(P = 0'0002) 1·5 h postoperatively which lIas
sustained for 24 h, with a gradual inucase
towards preoperative values (see Table' J.
Fig. I). By 72 h, values were significantly hdm
than at 24h (P=O·OOI). . .
When TP AS values were corrected for

haemodilution (see Table I, Fig. I) the initial
fall in concentration was nnt significanl and
values increased significantly beyond preopera-
tive values 72 h postoperatively (P= (jIHII).
indicating the synthesis or secretion or anti-
oxidants.

Compared with preoperative values there II';IS

a marked fall in TPAS by 1·5 h with a slo\\'
recovery from 24h onwards. At 72h TPAS lI'as
still significantly reduced (s('e Table l. Fig. I).

Lipid peroxide concentration and cardiac
troponin T
The LPX concentration was significantly ele-
vated 1·5h after CPB (P=0·0121). By 6h arter
CPB the concentration had fallen to preopera-
tive values (see Table I, Fig. 2).

Cardiac troponin T concentrations IIere
significantly elevated at all time points PllSI-
operatively, with a peak at 6 h (see Table I.
Fig.3; P ==0·000 I).
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Statistical analysis
80th TPAS and LPX concentrations were
normally distributed and two-way analysis of
variance was performed to detect significant
differences between time points. cTnT values
were not normally distributed, therefore changcs
in cTnT concentration between time points and
preoperative values were analysed using the
Mann-Whitney U test, a non-parametric analy-
sis. Differences were considered significant at a
probability level of P less than or cqual to 0·05.

Corrected concentration =

M x (I - Ht(T) aner operation)
(I - Ht(O) before operation)

Measurement of cardiac troponin T
concentrations
Cardiac troponin T was measured using the
Troponin T enzymun test (Cat. no. 1556-428)
purchased from Boehringer Mannheim (Lewes,
UK), on the Boehringer ES 300 autoanalyser.
This is a colorometric immunoassay using a
biotinylated anti-troponin T antibody and anti-
troponin T peroxidase conjugate added to a
streptavidin-coated vial. After washing, the
substrate chromogen solution containing
ABTS + and hydrogen peroxide were added
and thc resulting colour change was measured.

production to a degree that is proportional to
their concentration.

RESULTS

Correction for haemodilution
During surgery, the circulating blood volume
was diluted with I L of Ringer's lactate solution
used to prime the CPB pump. The LPX and
cTnT were therefore corrccted for haemodilu-
tion using the formula below.~J It was necessary
to correct the concentrations of these biochem-
ical markers in order to accurately assess thcir
production. However, TPAS was analysed both
uncorrected (TPAS) and corrected [TPAS(C)].
the former to reflect the absolute concentration
of antioxidants to which the tissue is exposed
and the latter to assess comparative consump-
tion or production of antioxidant substances
within plasma.

..I"" CIi" lJioc/"'1I/ 1998: 35

where M is the measured concentration of either
TPAS or LPX or cTnT. Ht(O) is the haematocrit
value before the operation, and Ht(T) is the
haematocrit value at a particular time point.
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assay coefficient of variation (CV) of 1·69% and
an interassay CV of 3'49'1.,. The TRAP assay
used by Tovoinen and coworkers has a high
degree of inherent imprecision caused by the
instability of the oxygen electrode over the
sample analysis time which can be up to 2 h.21
This may have contributed to the discrepancy in
the results between the two studies, particularly
as the Tovoinen study used a relatively small
number of patients.
The llndings of the present study are in

agreement with research conducted by Pyles
and coworkers29 investigating TPAS over time in
children undergoing operations (with CPH) for
congenital heart disease. They described a
signillcant depression of TPAS peri- and post-
operatively. They also showed that age and
bypass time were signillcantly correlatcd with
TPAS value aner bypass. Such relationships
were not present in our study, possibly implying
that adults respond to CPB in different ways
than children. It has been suggested that infants
tolerate CPB less well than adults and that
differences between adults and children may be
related to the maturity of the plasma proteins
and their resistance to denaturation in response
to CPB.3U.31
Plasma LPX concentrations give a simple and

reliable index of oxidative stress.21 The LPX
measured would have included oxidized plasma
and membrane lipids attacked by both extra-
and intra-cellular sources of ROS.
The preoperative concentrations of LPX in

the 24 patients averaged 4·71111101/L±0·54
(mean ± standard deviation), which compares
f~lvourably with studies of healthy control
individuals using an identical assay technique.32
In the present study. there was a significant rise
in LPX aner 1·5h to a mean value of7'19'1moljL
±O·78 (mean±standard deviation). Concentra-
tions at all other time points were elevated but
not signifieantly above preoperative values.
Therefore. despite absolute TPAS being

significantly depleted for over 72 h, the LPX
concentration remained signilicantly elevated
for less than 6 h. It would seem to indicate
that during the surgical procedures OFR
species are formed rapidly within the flrst
1·5h after CPB, reaching a peak before 1·5h
and then falling back to preoperative values
by 6 h. The rapid production of ROS in this
study is consistent with ROS production
following ischaemia and reperfusion radical
formation, as well as neutrophil activation
and ROS secretion.

OFR rdeased into the extracellular compart-
mcn!.:-1Also, reperfusion of the myocardium
aftera period of aortic cross-clamping ischaemia
mal'kad to the release of free radicals from a
larid\' of pathways in monoeytes, endothelial
(cils1;1' both.24

There has been a very limited number of
,Iudiesdemonstrating oxidative stress following
therel'crfusion of the human heart. One of the
ori~inal studies was by Ferrari 1.'1 a{.25 who
r(I'~lrtcdchanges in glutathione in the coronary
,inuscs plasma during post-ischaemic reperfu-
,ion, ivlore recent studies have given an indirect
measurement of an increase in OFR activity
duringCPB in human studies.I-6.26.27 However,
there have not been any studies giving direct
measun:ment of an increase in oxidative stress
duringCPB in humans.
In this study, we measured TPAS, LPX and

(TnTduring CPB. TPAS gives a measure of the
wmbined activity of antioxidant species in
plasma. LPX is an indicator of oxidative stress
aud results from the oxidation of plasma and
membranc lipids by ROS. cTnT is an indicator
(Ifmyocardial myocyte necrosis.
We found the TPAS to be signilicantly

rcduced for 72 h following CPB. The reason
rllr Ihis fall in antioxidant status is unclear.
Whenwe corrected TPAS values for haemodilu-
lion in our study we found that TPAS(C) was
deprcssed for 24 h, although nol to a statistically
,ignilicant level. TPAS(C) was then significantly
increased at 72 h compared with preoperativc
lalues. implying that plasma antioxidants were
regencrated between I and 3 days postopera-
IiIely,
In contrast to our study, Tovoinen and

l'oll'[lrkers2 showed that TPAS values measured
11\ Ihe total radical-trapping antioxidant para-
meter (TRAP) method2S during CPB increased
\ignilicantly when values were corrected for
h./enll1dilution. TPAS in that study was mea-
lured ;11 13 time points: before, during and I h
;Irkr CPH in 6 patients undergoing routine
(llrllildry artery surgery. However, when the
lIne(ll!ccted values were taken from the study
Ih.:y,iJl)\V a significant decrease in TPAS from
I'I',:ol"'.'1'ativevalues until 5 min after CPB. By I h
;i1kr ('PH, the TPAS in the Tovoinen study
1':llI/Ted to preoperative values, contrary to our
lindiI'~'S.
TI:" major difference between our study and

Ihe "1.I\'oinen study was the method of TPAS
':nal\·is used. We used the ABTS 3ssay, based
on a :nethod by Miller 1.'1 al.n with an intra-
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111')' hYPllss (CPIJ) l/Ild volullle-col'l'e('/ed mnlil1'

Imp(lIIill T (cTIIT(C)] release .fi'olll lII.l'IlCiifllil1!

lII)'ocyles l/Ilitl/ilill/e poilll (n = 24, r=()'55, P= IUIII.'.!,

which activates neutrophils leading 10 the
liberation of oxygen free radicals (01'1<1,
Neutrophil acti-vation and cytotoxic secreti(ln is
thought to be responsible for the majority llr

FIGURE 7. S(,l/llerpIOI <11/(1regressioll (/Ill/lysis S/IIJ1r;llg

rile cOl'rel"lioll helll'eell volllllle-col'l'ecled lipid /"'I'OIU" '
(LPX(C) j cOIICellll'lllioll al 1'5it I{liel' cardiol'lI/II/1I1/'
111'.1'hYPl/sS (CI'IJ) mid IOlal volu/Ile-Corre('led ,'i1/,Ii,/,
lropollill T {(,lI1T(C) } over 72 II (arell IIl1d('/' lite CIIIT,"
(11=24. r=()'65, P=()'()()()5).
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DISCUSSION

FIGURE 5. Sl'I1llerploll/lld regressioll aUl/lysis SitOlI'illg
a sigllilil'lllll cOrrell/lioll (P = (),()22I ) helll'ee/l lite
de('rel/se ill 1'0Ilmle-corl'e('led loll/I pil/sllll/ IIl11ioxidalll
slall/s (7'I'AS(C)/ ./i'0I11 preoperalive I'lllues 10 1'5it
{(lieI' cIIl'dioj!ullllOlIl/rl' hYPIIss, l/I/(I 1111'ill('rl'l1se ill lipid
peroxide (LPX) (,olln'lIlrllliOlI 0\','1' lite S<ll//(' period
(n=24, r=()·46).

During cardiac surgery, exposure of the patient's
blood to an extra-corporeal circuit increases the
concentration of complement factor C5a 14.15
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The greater the TPAS preoperatively, the
greater the depletion of TPAS after 1·5h. The
patients with the greatest fall in TPAS had a
lower increase in LPX formation as shown by
the significant inverse correlation between the
amount of depletion of TPAS preoperatively to
1·5 h after CPB and the increase in LPX
concentrations over the same time period. This
is the first direct demonstration of a rise in a free
radical marker (LPX) with a simultaneous fall in
antioxidant activity during cardiac surgery.

Cardiac troponin T values as a specific marker
of myocardial myocyte neerosis,3 were signifi-
cantly increased at all time points when
compared with preoperative values.

There was a significant correlation betvveen
LPX at 1·5 hand cTnT at 1·5, 6, 24 and 72 h
(Figs 6 and 7), giving direct evidence that the
degree of oxidative stress is related to the extent
of myocyte necrosis.

It seems that a higher TPAS value may be
protective against the formation of LPX. The
plasma antioxidants may act as a 'free radical
sink'.34 These were depleted perhaps because of
sacriflcial oxidation, leading to the observed fall
in TPAS.
Plasma contains many antioxidants including

vitamin E, C, beta carotene. transferrin, uric
acid, protein thiols and caeruloplasmin.20 Our
study indicates that the comparative composi-
tion of the plasma antioxidant system may vary
in individuals. with an unknown component of
the TPAS being highly protective against
oxidative stress and consequent cellular necrosis.

Rice-Evans and coworkers used the term
'antioxidant gap' to describe the difference
between serum TPAS and the sum of the serum
albumin and uric acid activity and found that a
decline in 'antioxidant gap' ancr myocardial
infarction was associated with a significantly
highcr mortality rate.3S The details of the
morbidity and mortality of the patients after
discharge from hospital are not available;
however, the events we have studied during
CPB and the work by Rice-Evans show that
antioxidant status may have an important role
in determining the long-term outcome (If the
operation.
With future studies, it would by interesting to

elucidate the exact changes in differing compo-
nents of the plasma antioxidant defence system.

623Plasma alltioxidallts ill cardiac surgeI',\'

Accepted/i)r pl/hlicalio/1 6 April /998

AIlIl elill liioclll'1II199H: 35

26 Lapenna D. Mezzctti A, dc-Gioia S, Piedomenico
SO, Verna AM. Daniele F. el al. Blood cardio-
plegia reduces oxidant burden in the ischemic and
reperfused human myocardium. Anll Thoroe SlIrg
1994; 57: 1522-5

27 Tortolani AJ, Powell SR, Misik V, Wcglicki WB,
Pogo GJ, Kramer JH. Detection of alkoxyl and
carbon,centred free radicals in coronary sinus
blood from patients undergoing elective cardio-
plegia. Free Ratlic 13i,,1Med 1993: 14: 421-6

28 Goode l-IF. Richardson N, Myers DS, Howdle
PD. Walker BE, Webster NR. The effect of
anticoagulant choice on apparent TPAS using
three different methods. Anll Cli/1 /3iochel/l 1995;
32: 413-6

29 Pyles LA, Fortney JE, Kudlak JL. Gustafson RA,
Einzig S. Plasma antioxidant depletion after
cardiopulmonary bypass in operations for con-
genital heart diseasc. J Thorae Cardio\'asc SI/rg
1995; 110: 165-71

30 Kirklin JW. Westaby S, Blackstone EH, Kirklin
JW, Chel1\Veth DE, Pacifino AD. Complement and
the damaging effects of cardiopulmonary bypass . .J
Tho/'(/c Cardio\'ase SI/rg 1983: 86: 845-57

31 Bull C. Cooper J, Stark J. Cardioplegic protection
of the child's heart. .I 71l1JracCardiol'asc Slirg \984:
88: 287-293

32 Nourooz-Zadeh J, Tajaddini-Sarmadi J, McCarthy
S, Betteridge OJ, Wolff SP. Elevatcd levels of
authentic hydropcroxidcs in NIDDM. Diabeles
1995: 44: 1054-8

33 Katus l-IA, Remppis A, Neumann 10.1, Schc/Told T.
Diederich K W, Vinal' G. el 01. Diagnostic erticiency
of troponin T measurcments in acute myocardial
infarction. Cirel/lolioll 1991; 83: 902-12

34 Ballmer PE. Reinhart WH, Jordan P. Buhulcr E,
Moser UK, Fred Gcy K. Depiction of plasma
vitamin C but not of vitamin E in response to
cardiac operations. J Tho/'{/c Cardiol'(f.l'c Slirg 1994;
108: 311-9

35 Miller JM. Johnston .ID, Collis CS. Rice-Evans C.
Serum total antioxidant activity a!'ter myocardial
infarction. AI/n Clill !Jiochelll 1997: 34: 85-90

kukl,cyte activation during cardiopulmonary
hl'p"ss in humans. .I Thorae Cardiol'ose S/O~~
19')I: 102: 309-17

15C;L\arocchi NC, England MD, Schaff HV, Russo
P. OrsZlllak TA, Schnell WA, O'Brien JF, Pluth
JR. Oxygen free radical generation during curdio-
pulmonary bypass: correlation with complement
;L~ti\ation. CirClilatioll 1986; 74: 130-3

16 Tornk B, Hess ML. The oxygen free radical
s\st~m: potential mediator of myocardial injury. J
.iJ}f Coli Cardiol 1985; 6: 215-20

Ii ~kCord JM. Human disease, free radicals, the
",idantjantioxidant balance. Clill Bioeh(,1Il 1993;
26: .151-7

IS Halliwell B, Guttcridge J, Cross C. Free radicals,
antioxidants and human disease: where arc we
l1"w'!.1 Lol! Clin Med 1992; 119: 598-615

I~ Floyd RA, Watson JJ, Wong PK, Miller Dl-I,
Richard RC. Hydroxyl free radical adduct of
dco,yguanosine: sensitive detection and mechan-
ism of formation. Free Rodie Res COIllIll 1986; I:
16.172

211V~rl'aat P, Knight KR. Oxidative stress and the
cell. Cli/1 Bioehelll ReI'S 1996; 17: 3-16

21N"urooz-Zadeh J. Tajaddini-Sarmadi J. Wolff SP.
~kasurcment of plasma hydroperoxide conccntra-
tions by the ferrous-oxidation xylenol orange
IH)X) assay in conjunction with triphenylphos-
phin~. Allal /3iochelll 1994; 220: 403-9

22 ~Iillcr NJ, Rice-Evans C. Davies MJ, Copinathan
V. Milner A. A novel method for measuring
alllioxidant capacity and its application to mon-
itoring th~ antioxidant status in premature neo-
l1at~s.Clil1 Sci (Colch) 1993; 84: 407--12

2) Ta.'!.'!art DP. Fraser WD, Fcll GS. Wheatley DJ,
Shcnkin A. Plasma albumin and haemodilution:
th~ problcm of interpretation in sequential studies.
.11111 elill Biochem 1989: 26: 132-6

2~Hammond B, Hess ML. The oxygcn free radical
~y,tl:m: potential mediator of myocardial injury . .I
.111/ C"II Cordio/1985; 6: 215-20

2' FlTral'i R. Alfieri O. Curcllo S. Ceconi C. Cargnoni
'\. \Iarzollo P, Pardini A, Caradonna E, Visi~li O.
Olcurrence of oxidative stress during rcperfusion
"I' th~ human heart. Circl/lalioll 1990; 81: 201-11

plasma antioxidants confers some pro ,((ion
against OFR production, LPX generatill and
subsequent myocardial myocyte necrosi, Our
study gives the first direct evidence of an inl:casc
in oxidative stress during CABG with (,I'!L as .
evidenced by the rise in the free radical lll:lrk.:r
LPX with a concomitant fall in antio\'cianl
activity during cardiac surgery.

REFERENCES

I Prasad K. Kalra J, Bharadwaj B, Chaudhar) \1\.
Incrcascd oxygcn free radical activity in pati~lIh "1I
cardiopulmonary bypass undergoing aortomr"Il'
ary bypass surgery. Am Hearl J 1992; 123: 12,; .17

2 Tovoinen HL, Ahotupa M. Free radical r~;Il·ti(1)]
products and antioxidant capacity in an~rial
plasma during coronary artery bypass gral'ting. J
Thor Cardiol'ase Slirg 1994; 108: 140-7

3 Davies SW, Duffy JP. Wickens DG, UndCl'lllll,d
SM, Hill A, Alladine MF, el al. Time coursc 01' rr~c
radical activity during coronary artcry op~r;ltillll\
with cardiopulmonary bypass. J Tho/'{{cCareliOrtlSl
Surg 1993; 105: 979-87

4 Royston D, Fleming JS. Increased productil1l1 or
peroxidation products associated with cardiac
operations. J Tho/'{/c Cardio\'asc Slirg 19Xh: 91:
759-66

5 Kallner G, Lindblom D, Forsell G, Kallner :\.
Myocardial release of Troponin T after coronar~
bypass surgery. Sca/l(1 J 71/O/'{/cCardiol'(/s" Slirg
1994; 28: 67-72

6 Blaustein AS, Sehine L, Brooks WW, Fanburg ilL.
Bing OHL. Influence of exogenously gen~ralcd
oxidant species on myocardial function .. Im J
Phl'siol 1986; 250: H595-9

7 Rowe GT, Manson NH, Caplan M, Hess ~IL.
Hydrogen peroxide and hydroxyl radicalmcdiati"l1
of activated leukocyte depression of' cardiac
sarcoplasmic reticulum: Participation nr the
cyclooxygenase pathway. Cire Res 1983; 53: 5x-l ')1

8 Braunwald E, Kloner RA. Myocardial Rcp~rlil'
sion: A double edged sword?.1 Clill !l1l'(,SI19x,': 76:
1713-9

9 Kloner RA, Prsyklenk K, Whittaker P. Dclwri"u,
effects of' oxygen radicals in ischael1lia/repclfusi"n.
Circulalioll 1989; 80: 1115-27

10 Opie LH. Reperfusion injury and its phannac"lo·
gic modification. CirclIlalioll 1989; 80: I049 (1~

II Zimmerman BJ, Granger DN. Mechanisnh l'l'
reperfusion injury. Alii J Med Sci 1994; 307: 2x-l ')2

12 Nilson L. Brunnkvist S, Nilsson U, Nystrllln S.
Tyden H, Venge P. Aberg T. Activation "I'
inflammatory systems during cardiopulml111an
bypass. Se(/J/(I J Thorae Cardiol'ase Surg 19x~: 22:
51-3

13 Butler J, Rocker GM, Wcstaby S. 1Illla!1l11l"1l11'\
response to cardiopulmonary bypass. AII/I Tilol'll<
Surg 1993: 55: 552-9

14 FaYl1lonville ME, Princemai! J. Duchat~<!u J,'
Paulus JM,~Adal1l A, Dedy-Dupont G. ,I II,..

Myeloperoxidasc and elastase as l1larke'r "I

strongly suggests that a high
TPAS and the consumption of

McColl et al.622

Conclusions
This study
preoperative




