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Abstract
Background: In acute myocardial infarction (AMI) treated with percutaneous coronary intervention (PCI), myocardial injury
results from complex processes during both ischemia and reperfusion. Release of reactive oxygen species (ROS) may
contribute to the accumulated myocardial damage.

Aims:To examineby frequent samplingofperipheralbloodoxidative stress andearly inflammation inpatientsundergoingprimary
PCI for AMI. Secondly, to assess whether a correlation exists between these parameters and the extent of myocardial damage.

Methods:SixteenpatientsundergoingprimaryPCIwithin6 hofAMIonsetwere included.Peripheralbloodwas sampledatstartof
procedure (t0) and repeatedly over 24 h following reperfusion. Main plasma analyses were: 8-iso-PGF2a (oxidative stress), 15-keto-
dihydro-PGF2a (cyclooxygenase-mediated inflammation); and troponin-T (myocardial injury). Additional analyses included: total
antioxidant status (TAS); vitamins; hsCRP and lipids.

Results: 8-Iso-PGF2a increased following restoration of blood flow, returned to t0 values after 3 h and was reduced below t0 the
following day. TAS decreased significantly from t0 to the next day. There was no significant correlation between 8-iso-PGF2a and
troponin T values. 15-Keto-dihydro-PGF2a was elevated during the first hour. There was a major rise in hsCRP after 24 h.

Conclusion: Following reperfusion by primary PCI in AMI, oxidative stress and an inflammatory response are induced
immediately. A rise in 8-iso-PGF2a during ischemia indicate that ROS generation may also take place during severely reduced
coronary blood flow and hypoxia. No direct relationship between 8-iso-PGF2a or 15-keto-dihydro-PGF2a and troponin T was
evident. The present study adds to the increasingly complex pathophysiological roles ofROS acting both as signal molecules and as
mediators of tissue injury.
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Introduction

Primary percutaneous coronary intervention (PCI) is

now established as the preferred reperfusion strategy

in acute myocardial infarction (AMI) [1–4]. How-

ever, following primary PCI, insufficient myocardial

reperfusion is often present despite a successful

opening of the thrombotic occluded epicardial artery,

and microcirculatory failure still remains as a major

challenge [5,6]. Reduced coronary flow following

primary PCI may be caused by several mechanisms

including embolization of thrombotic material main-

taining distal ischemia and generation of reactive

oxygen species (ROS) and inflammatory mediators

inducing microcirculatory failure [7–9].

Over the last decade, oxidative stress following

restoration of myocardial flow in humans has been

studied in detail [10–16] but the results are conflicting

[17]. While ischemia-reperfusion studies in animals

ISSN 1071-5762 print/ISSN 1029-2470 online q 2005 Taylor & Francis Group Ltd

DOI: 10.1080/10715760400028027

Correspondence: K. Berg, Department of Circulation and Medical Imaging, Norwegian University of Science and Technology, Medisinsk
teknisk senter, N-7489 Trondheim, Norway. Tel: 47 73 55 02 78. Fax: 47 73 59 86 13. E-mail: kirsti.berg@medisin.ntnu.no

Free Radical Research, June 2005; 39(6): 629–636

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
9/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



have shown protective effects of antioxidants [18–20],

the use of antioxidants in acute coronary syndromes in

humans has been disappointing [9,21–23]. The

limitations in available, specific and sensitive indices

for both direct and indirect assessments of ROS in vivo

have been suggested as one possible explanation of the

conflicting results between experimental and human

studies.

Isoprostanes represent a group of relatively stable

products formed in vivo from phospholipids mainly by

a non-enzymatic free radical-catalyzed oxidation of

arachidonic acid [24]. Studies have indicated that a

major isoprostane, 8-iso-prostaglandin(PG)F2a, is a

reliable indicator of in vivo oxidative stress [16,24,25].

Reperfusion of ischemic myocardium is followed by an

inflammatory response that occurs as a consequence

of the accumulated injury during ischemia and

reperfusion [8,26]. Prostaglandins and thromboxanes

are bioactive compounds derived from arachidonic

acid through catalysation by cyclooxygenases (COX),

and are important mediators of inflammation.

15-Keto-dihydro-PGF2a, a major metabolite of

PGF2a, is elevated following tissue injury and may

be used as an indicator of early inflammatory response

and in vivo lipid peroxidation occurring via COX

pathways [27–30].

The aim of the present study was to investigate the

appearance and severity of oxidative stress and early

inflammation in patients undergoing primary PCI for

AMI by repeated measurements in peripheral blood of

8-iso-PGF2a and 15-keto-dihydro-PGF2a, respect-

ively. Secondly, we wanted to examine potential

correlations between oxidative stress, inflammation

and the extent of myocardial damage assessed by the

cell injury marker troponin T.

Methods

The study was performed according to the Helsinki

declaration. The Regional Ethics Committee

approved the protocol, and written informed consent

was obtained from all patients.

Patients

Sixteen patients with AMI treated with primary PCI

within six hours of symptom onset were enrolled in the

study. ST-segment elevation $ 1 mm in two standard

ECG leads or $ 2 mm in two precordial leads were

observed in all patients. An additional inclusion

criterion was TIMI flow grade # 1 (see below) at the

first angiographic picture, that is a functionally

occluded infarct related artery.

PCI

Primary PCI was performed according to a standard-

ized protocol with a femoral artery approach and use of

six French catheters introduced via an arterial sheath.

Lidocaine hydrochloride was used for local

anaesthesia. During the PCI procedure patients were

anticoagulated with heparin (10.000 IU). A non-ionic

x-ray contrast agent (Omnipaquew 350, Amersham

Health, UK) was used. During PCI intracoronary

nitroglycerine was given according to the operator’s

decision. Following PCI the introducer was removed

after three hours. Coronary blood flow was assessed

from coronary angiograms by the use of a semi-quanti-

tative thrombolysis in myocardial infarction (TIMI)

scale with 0 and 3 signifying zero or normal flow,

respectively. Reperfusion arrhythmias were registered

and categorized semiquantitatively by the PCI oper-

ator; (1) No or a few, (2) Moderate or (3) Severe.

Collection and handling of blood samples

Peripheral blood samples were collected at twelve time

points: After arterial puncture but prior to reperfusion

(t0); immediately after restoration of flow in the infarct

related artery (start of reperfusion) (t1); 5, 10, 20, 30,

60, 120 and 180 min after reperfusion (t2– t8); and

then 3,6,12 and 24 h after end of the PCI procedure

(t9– t12). Samples t0– t8 were obtained from the

introducer in the femoral artery while samples t9– t12

were obtained from the antecubital vein. Blood from

the syringes was transferred into precooled tubes with

K3EDTA and immediately centrifuged (10min,

þ48C, 3000 £ g). Plasma was stored at 2808C until

analysis.

Biochemical assessments

Nonesterified 8-iso-PGF2a and 15-keto-dihydro-

PGF2a were measured by a validated radio-

immunoassay without any extraction procedure as

described by Basu [27,31]. In brief, the cross-reactivity

of the 8-iso-PGF2a antibody with 15-keto-13,

14-dihydro-8-iso-PGF2a, 8-iso-PGF2b, PGF2a, 15-

keto-PGF2a, 15-keto-13,14-dihydro-PGF2a, TXB2,

11b- PGF2a, 9b- PGF2a and 8-iso-PGF3a was 1.7,

9.8, 1.1, 0.01, 0.01, 0.1, 0.03, 1.8 and 0.6%, respect-

ively. The detection limits of the 8-iso-PGF2a assay was

23 pM. The cross-reactivity of the 15-keto-dihydro-

PGF2a antibody with PGF2a, 15-keto-PGF2a, PGE2,

15-keto-13,14-dihydro-PGE2, 8-iso-15-keto-13,14-

dihydro-PGF2a, 11b-PGF2a, 9b-PGF2a, TXB2 and 8-

iso-PGF3a was 0.02, 0.43, ,0.001, 0.5, 1.7, ,0.001,

,0.001, ,0.001 and 0.01%, respectively. The detec-

tion limit was 45 pM. Concentrations were corrected for

hemodilution by analysing albumin concentrations at

each time point. The correction for hemodilution was

made by the formula: Plasma concentration (tx) x

albumin (t0)/albumin (tx), where tx indicates at what

time the sample was taken. Total antioxidant

status (TAS) was measured by photometry on a

Cobas Mira S Analyser by an enzymatic assay

K. Berg et al.630
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(TAS, Randox Laboratories Ltd., Crumlin, United

Kingdom). Troponin-T was measured on an Elecsys

2010 Analyser (Roche Diagnostics, Mannheim,

Germany). The detection limit of the assay was

0.01mg/l. High sensitive CRP (hsCRP) was measured

by latex-enhanced immuno-turbidimetry on a Hitachi

917 Analyser (CRP (Latex) HS, Roche Diagnostics).

Detection limit of the assay was 0.03 mg/l (analytical

sensitive). Albumin, total cholesterol, HDL cholesterol,

triglycerides, retinol, carotenoids (a þ b) and toco-

pherols (a þ g) were measured by standard laboratory

techniques.

Statistical analysis

Data analyses were performed with the statistical

package for social sciences (SPSS 11.5, Chicago,

Illinois) or GraphPad Prism Software (GraphPad

Software 4.01, Inc., San Diego, CA, USA). Because of

non-Gaussian distribution of most data, non-para-

metric tests and median values with interquartile

ranges (25 and 75%) were chosen for presentation.

Wilcoxon signed ranks test was performed for

comparison between two dependent groups. For

correlation analyses Spearman’s correlation coeffi-

cient (rho) was used. For all analyses values below

detection limit were set to detection limit at

calculation. Values for p , 0:05 were considered

significant.

Results

Patients

Patient characteristics are presented in Table I. Of the

16 patients with a median age of 60 years there was a

male dominance (13) and few with previous AMI (2).

They presented a low drug profile with prior use of

ASA, b-blocker, Ca antagonists and statins in only

1, 2, 1, and 1 patient(s), respectively.

Procedural variables are presented in Table II. Time

from onset of chest pain signifying start of ischemia to

reperfusion (t1) was 198 (63–405) minutes. PCI was

successful with TIMI flow grades $ 2 obtained in all

patients. Intracoronary stents were implanted in all

cases. There was a close concordance between infarct

localization by ECG and the occluded culprit arteries.

All patients were given 300 mg ASA just prior to

PCI. Eleven of 16 patients received intracoronary

nitroglycerin during the procedure. Severe but

transient reperfusion arrhythmias were registered in

five patients, with rapidly convertible ventricular

fibrillation in one. There was no hospital mortality.

Biochemical assessments

Oxidative stress assessed by 8-Iso- PGF2a (Figure 1).

Reperfusion resulted in a rise in 8-iso- PGF2a in

peripheral blood in all except two patients, but

interindividual variations were large. For the entire

group 8-iso- PGF2a rose significantly from the median

values of 31 (,23–60) at t0 to 90 (57–115) pM at t1
ðp ¼ 0:001Þ: 8-iso-PGF2a remained elevated during

the first hour following reperfusion, subsequently it

decreased. At 12 and 24 h the median value was

,23 pM and thus below t0 ðp ¼ 0:007Þ: This might

indicate that t0 did not represent a true baseline and

that generation of ROS did start during ischemia prior

to reperfusion. There was a positive correlation

between 8-iso-PGF2a and duration of ischemia

(rho ¼ 0.694, p ¼ 0:006), but no correlation with

the occurrence of severe reperfusion arrhythmias.

Total antioxidant status (TAS), vitamin A and E

(Table III). TAS, vitamin A (retinol and carotenoids

(a þ b)) and vitamin E (tocopherols (a þ g)) were

measured at t0 and 24 h after primary PCI.

A significant decrease in TAS was seen from 1.22

(1.15–1.40) at t0 to 1.13 (1.06–1.27) mM at t11 ðp ¼

0:001Þ: The concentrations of the antioxidant

vitamins A and E (retinols, carotenoids, a- and

g-tocopherols) did not change during this period.

Inflammatory response assessed by 15-keto-dihydro-

PGF2a and hsCRP (Figure 2, Table III). 15-Keto-

dihydro-PGF2a showed large interindividual

variations. For the entire group reperfusion resulted

in an immediate increase from 81 (55–156) at t0 to

111 (84–211) pM at t1 ðp , 0:001Þ: The increase was

sustained during the first hour after reperfusion with a

subsequent fall to the t0 level. A minor rise in 15-keto-

dihydro-PGF2a occured at 24 h ðp ¼ 0:023Þ: The

15-keto-dihydro-PGF2a levels at t0 correlated closely

with the duration of ischemia prior to reperfusion

(rho ¼ 0.65, p ¼ 0:007) indicating that also an

inflammatory response might have been initiated

Table I. Characteristics of patients ðn ¼ 16Þ:

Characteristics

Male, n (%) 13 (81)

Median age, years (min–max) 60 (38–78)

Previous myocardial infarction, n (%) 2 (13)

Current smoking, n (%) 5 (31)

Known diabetes, n (%) 1 (6)

Known hypertension, n (%) 4 (25)

Total cholesterol (mM), mean (SD) 4.9 (1.0)

Medications at admission

Acetylsalicylic acid (ASA), n (%) 1 (6)

b-blocker, n (%) 2 (13)

Ca antagonist, n (%) 1 (6)

Statins, n (%) 1 (6)

Infarct localisation

Anterior wall, n (%) 6 (38)

Inferior wall, n (%) 9 (56)

Posterior wall, n (%) 1 (6)

Acute myocardial infarction 631
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during ischemia. A marked increase in hsCRP

from 2.0 (1.1–4.0) at t0 to 9.7 (5.3–25.5) mg/l at t11

ðp , 0:001Þ was observed.

Myocardial damage assessed by troponin T (Figure 3).

The median values of troponin T before reperfusion

(t0) were below detection level, ,0.01 (,0.01–

0.06)mg/l. Troponin T remained closely above the

detection level in 2 patients, and became markedly

elevated in the other 14 patients. For the entire group

troponin T rose gradually with a maximum peak at

6–12 h after opening of the occluded artery and

then subsided. Both peak levels and total release

(area under the curve) of troponin T, 8-iso-PGF2a and

15-keto-dihydro-PGF2a were compared, but there

was no correlation between myocardial damage and

oxidative stress nor inflammation assessed by these

three parameters.

Albumin and lipids (Table III). Albumin was measured

at all time points to quantify hemodilution during the

PCI procedure. The concentration of albumin

decreased with 12% immediately following

reperfusion ðp , 0:001Þ: Maximum hemodilution

was observed 20 min after reperfusion with 16%

decrease in albumin compared to t0 ðp , 0:001Þ: The

following day the concentration of albumin was only

3% below t0 ðp ¼ 0:018Þ: Plasma lipids did not reveal

significant changes from t0 to the next day, except for a

minor reduction in total cholesterol.

Discussion

The present study included patients with little prior

history or drug treatment for ischemic heart disease

before the onset of AMI. With an average duration of

preceding ischemia of about 3 h prior to PCI, this is a

situation in which a major oxidative stress and

inflammatory response may be expected. A major

finding was that of a significant rise in 8-iso-PGF2a

during the first hour. This was supported by a decrease

Figure 1. Plasma 8-iso-PGF2a levels in AMI patients before and

after primary PCI (reperfusion). Number of patients ¼ 16. The

boxes extend from the 25th to the 75th percentiles with horizontal

lines at the median. Whiskers show the highest and the lowest

values. The number above the upper whiskers illustrates the p-value

between 8-iso-PGF2a at the actual time points compared to before

reperfusion (t0) estimated by Wilcoxon signed ranks test. (n.s. ¼ not

significant).

Table II. Procedural variables ðn ¼ 16Þ:

Variables

Main culprit artery (dilated vessel)

Left anterior descending artery (LAD), n (%) 5 (31)

Right coronary artery (RCA), n (%) 7 (44)

Left circumflex artery (LCX), n (%) 3 (19)

Diagonal on LAD, n (%) 1 (6)

Stent

One, n (%) 14 (88)

Two, n (%) 2 (13)

Stent diameter (mm), median (min–max) 3.0 (2.25 – 4.00)

Medications during procedure

Acetylsalicylic acid (ASA) (300mg), n (%) 16 (100)

Clopidogrel, n (%) 16 (100)

Heparin, n (%) 16 (100)

GP IIb/IIIa-antagonist, n (%) 15 (94)

Intracoronary nitroglycerin, n (%) 11 (69)

Reperfusion arrythmias

No or a few, n (%) 3 (19)

Moderate, n (%) 8 (50)

Severe, n (%) 5 (31)

Ischemia time (min)*, median (min–max) 198 (63–405)

Fluoroscopy time (min), median (min–max) 6.9 (2.5–24.4)

Contrast volume (ml), median (min–max) 210 (60–450)

* Lapse time between debut of symptoms to successful reperfusion (TIMI flow grade $ 2).

K. Berg et al.632
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in TAS levels the following day. Thus an oxidative

stress was induced by myocardial ischemia-reperfu-

sion per se or by a general body response to a serious

disease condition. A further interpretation might be

that elevation of 8-iso-PGF2a was caused by the

technical procedure of PCI only. Concerning the latter

possibility, a previous study [32] in patients under-

going elective PCI or coronary angiography for angina

pectoris, showed elevation of 8-iso-PGF2a in peri-

pheral blood without significant differences between

the two groups. It was assumed that the 8-iso-PGF2a

response could result from the purely vascular

interventions involving an introducer into the femoral

artery and the mutual catheterization and angiography

of coronary arteries. However, the present situation

with longstanding ischemia and the diagnosis of AMI

indicates a more serious condition than in the previous

PCI study.

The elevation of 8-iso-PGF2a was sustained for the

first hour after restoration of blood flow and then

gradually subsided. Another finding was that 8-iso-

PGF2a presented significantly lower values on the

following day than at the arrival in hospital (t0). This

indicates a lower and more true baseline level for

8-iso-PGF2a than observed at t0. It might therefore be

that ROS was generated at an early stage while the

myocardium was still ischemic. Thus, experimental

evidence exists for ROS production in ischemic

cardiomyocytes with superoxide leaking from the

respiratory chain in hypoxic mitochondria [33–35].

Such an interpretation may explain that the duration

of ischemia correlated with elevated 8-iso-PGF2a

before reperfusion (t0) in the present study. However,

there was no correlation between duration of ischemia

and peak levels of 8-iso-PGF2a during the first hour

thereafter (t1– t6). Thus reperfusion processes or other

accompanying factors led to the generation of ROS

following PCI.

In the present study we found an increase

(median values in individual patients in %) by 88%

of 8-iso-PGF2a following PCI (t1– t6) compared to the

start level (t0). This represents a similar elevation

compared to that observed in an earlier study by our

group where oxidative stress was examined during

elective PCI and diagnostic angiography [32].

Different observations were made in a study by Reilly

et al. (1996) [16] where elective PCI in patients with

angina was compared with thrombolysis and rescue

PCI in patients with AMI. In this study the differences

in release of 8-iso-PGF2a (measured in urine) were

more marked than observed in our two studies.

However, when we relate the level of 8-iso-PGF2a

after reperfusion with the minimum level taken the

following day, a close to 300% increase was observed

following primary PCI.

Table III. Total antioxidant status (TAS), vitamins, hsCRP, lipids and albumin before start (t0) and 24 h after ended PCI

procedure (t11).

t0 t11 p-value*

TAS (mM) 1.22 (1.15–1.40)† 1.13 (1.06–1.27)‡ 0.001

a-tocopherol (mM) 19.2 (16.7–22.2) 19.2 (15.3–21.9) 0.234

g-tocopherol (mM) 2.5 (2.1–3.5) 2.2 (1.9–2.8) 0.099

Retinol (mM) 1.7 (1.4–1.8) 1.4 (1.2–1.7) 0.077

Carotene (a,b) (mM) 0.24 (0.16–0.37) 0.22 (0.15–0.41) 0.327

HsCRP (mg/l) 2.0 (1.10 – 3.97) 9.7 (5.3 – 25.5) , 0.001

Total cholesterol (mM) 4.9 (4.3 – 5.6) 4.6 (4.1 – 5.8) 0.049

HDL-cholesterol (mM) 1.03 (0.93 – 1.13) 0.98 (0.88 – 1.07) 0.055

Triglycerides{ (mM) 1.2 (1.03 – 1.48) 1.3 (1.10 – 1.80) 0.139

Albumin (g/l) 38 (36 – 40) 37.0 (36 d– 37) 0.018

All results are presented as median with (25 and 75% percentile), n ¼ 16:

* Wilcoxon signed ranks test.
† n ¼ 14:
‡ n ¼ 13:
{not fasting.

Figure 2. Plasma 15-keto-dihydro-PGF2a levels in AMI patients

before and after primary PCI (reperfusion). Number of

patients ¼ 16. The boxes extend from the 25th to the 75th

percentiles with horizontal lines at the median. Whiskers show the

highest and the lowest values. The number above the upper whiskers

illustrates the p-value between 15-keto-dihydro-PGF2a at the actual

time points compared to before reperfusion (t0) estimated by

Wilcoxon signed ranks test. (n.s. ¼ not significant).

Acute myocardial infarction 633
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Another particular finding was that the values for

8-iso-PGF2a prior to and immediately after PCI were

about 25% lower in the present than in our previous

study [32] in purely elective patients with no sign of

AMI. Although speculative, this might indicate that

the present patients were protected against ROS

release or lipid peroxidation. Two different mechan-

isms may support this. Thus the release of ROS during

the ischemic phase might have activated signalling

cascades in cardiomyocytes enhancing their defence

against cell damage. Accordingly, the phenomenon of

ischemic preconditioning [35–37] may have provided

protection against ROS release or ROS induced lipid

peroxidation on reperfusion. Another possibility is the

parallel drug treatment. Two thirds of the patients

received intracoronary infusion of nitroglycerine

which is a nitric oxide (NO) donor, and NO is a

potent scavenger [38,39]. A more likely possibility is

that the single 300 mg dose of ASA given to all patients

just prior to PCI was rapidly metabolized to salicylic

acid which is an effective scavenger of hydroxyl

radicals [40,41].

COX and cytokine mediated pathways are import-

ant in evaluating inflammatory responses in vivo.

In this study plasma levels of both COX and cytokine

mediated markers like 15-keto-dihydro-PGF2a and

hsCRP, were significantly elevated following the

procedure. However, with 15-keto-dihydro-PGF2a

the plasma levels prior to PCI were only 1/3 of those

previously reported by us in elective PCI and

coronary angiography [32] indicating a stronger

influence of COX inhibition by a higher and more

recent dose of ASA [42,43]. In contrast, the cytokine

related parameter hsCRP is not affected by COX

and showed a much larger increase, times 4,

compared to 15-keto-dihydro-PGF2a the day after

primary PCI.

To the best of our knowledge, this is the first clinical

study to undertake a systematic evaluation comparing

oxidative stress with myocardial damage. However, no

significant correlation was observed between 8-iso-

PGF2a and the now established myocardial injury

marker troponin T [44–46]. In contrast to this, the

temporal release kinetics of 8-iso-PGF2a and troponin

T presented as mean (^SEM) plasma values in

Figure 4, clearly demonstrates an early oxidative burst

on reperfusion to be followed by a later release of

troponin T. However, the overall picture with ROS

and tissue injury has become increasingly complex

with ROS attaining different roles as signal molecules

in both endogenous protective [35] and apoptotic

pathways [47] and as injurious agents. Furthermore,

ROS may reveal different aspects of these roles during

at least three different stages: Ischemia, initial

reperfusion and subsequent prolonged inflammation.

A particular problem adding to the complexity is the

apparent lack of clinical success with potentially

effective therapeutic antioxidants [4,9,21].

In conclusion, oxidative stress is induced during

and following primary PCI for AMI as shown by

increased levels of lipid peroxides in peripheral

blood. The release of ROS products seems to

start already during the phase of ischemia and thus

before onset of reperfusion. The study also indicated

that inflammatory responses were both an early event

on reperfusion and a late event during the

subsequent 24 h follow up. A direct relationship

could not be established between oxidative stress and

Figure 3. Plasma troponin T levels in AMI patients before and

after primary PCI (reperfusion). Number of patients ¼ 16. The

boxes extend from the 25th to the 75th percentiles with horizontal

lines at the median. Whiskers show the highest and the lowest

values. The number above the upper whiskers illustrates the p-value

between troponin T at the actual time points compared to before

reperfusion (t0) estimated by Wilcoxon signed ranks test. (n.s. ¼ not

significant).

Figure 4. Plasma 8-iso-PGF2a vs. troponin T. The figure

illustrates the early release of 8-iso-PGF2a (square) followed by

the later release of troponin T (triangle) in plasma samples taken

from AMI patients following primary PCI. Mean ^ standard error

of the means (SEM) is shown. In spite of an apparent

interrelationship, no individual correlation was observed between

these two variables either compared with the maximum levels or

total amounts (area under the curve) of each variable; Spearman’s

rho ¼ 0.374 and 0.914 respectively.
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inflammation on the one hand and myocardial

damage on the other.

Acknowledgements

The study was supported by grants from The

Norwegian Council for Cardiovascular Diseases,

The Fund for Cardiovascular Research, St.Olav

Hospital, Trondheim and The SINTEF Unimed,

Clinical Research Section. We thank Stian Lydersen

for statistical assistance and Eva Sejby for her

technical assistance.

References

[1] Keeley EC, Boura JA, Grines CL. Primary angioplasty versus

intravenous thrombolytic therapy for acute myocardial infarc-

tion: A quantitative review of 23 randomised trials. Lancet

2003;361:13–20.

[2] Andersen HR, Nielsen TT, Vesterlund T, Grande P,

Abildgaard U, Thayssen P, Pedersen F, Mortensen LS.

Danish multicenter randomized study on fibrinolytic therapy

versus acute coronary angioplasty in acute myocardial

infarction: Rationale and design of the DANish trial in Acute

Myocardial Infarction-2 (DANAMI-2). Am Heart J

2003;146:234–241.

[3] van de Werf F, Ardissino D, Betriu A, Cokkinos DV, Falk E,

Fox KA, Julian D, Lengyel M, Neumann FJ, Ruzyllo W,

Thygesen C, Underwood SR, Vahanian A, Verheugt FW,

Wijns W. Management of acute myocardial infarction in

patients presenting with ST-segment elevation. The Task Force

on the Management of Acute Myocardial Infarction of the

European Society of Cardiology. Eur Heart J 2003;24:28–66.

[4] Kloner RA, Rezkalla SH. Cardiac protection during acute

myocardial infarction: Where do we stand in 2004? J Am Coll

Cardiol 2004;44:276–286.

[5] van’t Hof AW, Liem A, Suryapranata H, Hoorntje JC, de Boer

MJ, Zijlstra F. Angiographic assessment of myocardial

reperfusion in patients treated with primary angioplasty

for acute myocardial infarction: Myocardial blush grade.

Zwolle Myocardial Infarction Study Group. Circulation

1998;97:2302–2306.

[6] Ito H, Maruyama A, Iwakura K, Takiuchi S, Masuyama T, Hori

M, Higashino Y, Fujii K, Minamino T. Clinical implications of

the ‘no reflow’ phenomenon. A predictor of complications and

left ventricular remodeling in reperfused anterior wall myocardial

infarction. Circulation 1996;93:223–228.

[7] Dhalla NS, Elmoselhi AB, Hata T, Makino N. Status of

myocardial antioxidants in ischemia-reperfusion injury.

Cardiovasc Res 2000;47:446–456.

[8] Frangogiannis NG, Smith CW, Entman ML. The inflamma-

tory response in myocardial infarction. Cardiovasc Res

2002;53:31–47.

[9] Dirksen MT, Laarman G, van’t Hof AW, Guagliumi G, Tonino

WA, Tavazzi L, Duncker DJ, Simoons ML. The effect of ITF-

1697 on reperfusion in patients undergoing primary angio-

plasty; Safety and efficacy of a novel tetrapeptide, ITF-1697.

Eur Heart J 2004;68:392–400.

[10] Delanty N, Reilly MP, Pratico D, Lawson JA, McCarthy JF,

Wood AE, Ohnishi ST, Fitzgerald DJ, FitzGerald GA. 8-epi

PGF2 alpha generation during coronary reperfusion.

A potential quantitative marker of oxidant stress in vivo.

Circulation 1997;95:2492–2499.

[11] Guan W, Osanai T, Kamada T, Ishizaka H, Hanada H,

Okumura K. Time course of free radical production

after primary coronary angioplasty for acute myocardial

infarction and the effect of vitamin C. Jpn Circ J

1999;63:924–928.

[12] Iuliano L, Pratico D, Greco C, Mangieri E, Scibilia G,

FitzGerald GA, Violi F. Angioplasty increases coronary sinus

F2-isoprostane formation: Evidence for in vivo oxidative stress

during PTCA. J Am Coll Cardiol 2001;37:76–80.

[13] Kloner RA, Jennings RB. Consequences of brief ischemia:

Stunning, preconditioning, and their clinical implications:

Part 1. Circulation 2001;104:2981–2989.

[14] Lafont A, Marwick TH, Chisholm GM, Van Lente F, Vaska

KJ, Whitlow PL. Decreased free radical scavengers with

reperfusion after coronary angioplasty in patients with acute

myocardial infarction. Am Heart J 1996;131:219–223.

[15] Meydani M, Mayer J. Isoprostanes as oxidant stress markers in

coronary reperfusion. Nutr Rev 1997;55:404–407.

[16] Reilly MP, Delanty N, Roy L, Rokach J, Callaghan PO, Crean

P, Lawson JA, FitzGerald GA. Increased formation of the

isoprostanes IPF2alpha-I and 8-epi-prostaglandin F2alpha in

acute coronary angioplasty: Evidence for oxidant stress

during coronary reperfusion in humans. Circulation

1997;96:3314–3320.

[17] Olsson KA, Harnek J, Ohlin AK, Pavlidis N, Thorvinger B,

Ohlin H. No increase of plasma malondialdehyde after

primary coronary angioplasty for acute myocardial infarction.

Scand Cardiovasc J 2002;36:237–240.

[18] Ambrosio G, Flaherty JT, Duilio C, Tritto I, Santoro G, Elia

PP, Condorelli M, Chiariello M. Oxygen radicals generated at

reflow induce peroxidation of membrane lipids in reperfused

hearts. J Clin Invest 1991;87:2056–2066.

[19] Upston JM, Terentis AC, Stocker R. Tocopherol-mediated

peroxidation of lipoproteins: Implications for vitamin E as a

potential antiatherogenic supplement. FASEB J. 1999;

13:977–994.

[20] Sodergren E, Cederberg J, Basu S, Vessby B. Vitamin E

supplementation decreases basal levels of F(2)-isoprostanes

and prostaglandin f(2alpha) in rats. J Nutr 2000;130:10–14.

[21] GISSI Prevenzione Investigators. Dietary supplementation

with n-3 polyunsaturated fatty acids and vitamin E after

myocardial infarction: Results of the GISSI-Prevenzione trial.

Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto

miocardico. Lancet 1999;354:447–455.

[22] Gopaul NK, Halliwell B, Anggard EE. Measurement of

plasma F2-isoprostanes as an index of lipid peroxidation does

not appear to be confounded by diet. Free Radic Res

2000;33:115–127.

[23] Pryor WA. Vitamin E and heart disease: Basic science to

clinical intervention trials. Free Radic Biol Med

2000;28:141–164.

[24] Morrow JD, Hill KE, Burk RF, Nammour TM, Badr KF,

Roberts 2, LJ. A series of prostaglandin F2-like compounds are

produced in vivo in humans by a non-cyclooxygenase, free

radical-catalyzed mechanism. Proc Natl Acad Sci USA

1990;87:9383–9387.

[25] Morrow JD, Roberts LJ. The isoprostanes: Unique bioactive

products of lipid peroxidation. Prog Lipid Res 1997;36:1–21.

[26] Kaminski KA, Bonda TA, Korecki J, Musial WJ. Oxidative

stress and neutrophil activation—the two keystones of

ischemia/reperfusion injury. Int J Cardiol 2002;86:41–59.

[27] Basu S. Radioimmunoassay of 15-keto-13,14-dihydro-prosta-

glandin F2alpha: An index for inflammation via cyclooxygen-

ase catalysed lipid peroxidation. Prostaglandins Leukot Essent

Fatty Acids 1998;58:347–352.

[28] Basu S, Eriksson M. Oxidative injury and survival during

endotoxemia. FEBS Lett 1998;438:159–160.

[29] Basu S. Conjugated linoleic acid induces lipid peroxidation in

humans. FEBS Lett 2000;468:33–36.

[30] Mutschler DK, Eriksson MB, Wikstrom BG, Lind L, Larsson

A, Bergren-Kiiski R, Lagrange A, Nordgren A, Basu S.

Microdialysis-evaluated myocardial cyclooxygenase-mediated

Acute myocardial infarction 635

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
9/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



inflammation and early circulatory depression in porcine

endotoxemia. Crit Care Med 2003;31:1780–1785.

[31] Basu S. Radioimmunoassay of 8-iso-prostaglandin F2alpha:

An index for oxidative injury via free radical catalysed lipid

peroxidation. Prostaglandins Leukot Essent Fatty Acids

1998;58:319–325.

[32] Berg K, Wiseth R, Bjerve K, Brurok H, Gunnes S, Skarra S,

Jynge P, Basu S. Oxidative stress and myocardial damage

during elective percutaneous coronary interventions and

coronary angiography. A comparison of blood-borne isopros-

tane and troponin release. Free Radic Res 2004;38:517–525.

[33] vanden Hoek TL, Li C, Shao Z, Schumacker PT, Becker LB.

Significant levels of oxidants are generated by isolated

cardiomyocytes during ischemia prior to reperfusion. J Mol

Cell Cardiol 1997;29:2571–2583.

[34] Kevin LG, Camara AK, Riess ML, Novalija E, Stowe DF.

Ischemic preconditioning alters real-time measure of O2

radicals in intact hearts with ischemia and reperfusion. Am J

Physiol Heart Circ Physiol 2003;284:H566–H574.

[35] Becker LB. New concepts in reactive oxygen species and

cardiovascular reperfusion physiology. Cardiovasc Res

2004;61:461–470.

[36] Bolli R. The early and late phases of preconditioning against

myocardial stunning and the essential role of oxyradicals in the

late phase: An overview. Basic Res Cardiol 1996;91:57–63.

[37] Bolli R. The late phase of preconditioning. Circ Res

2000;87:972–983.

[38] Rubanyi GM, Vanhoutte PM. Superoxide anions and

hyperoxia inactivate endothelium-derived relaxing factor.

Am J Physiol 1986;250:H822–H827.

[39] Gryglewski RJ, Palmer RM, Moncada S. Superoxide anion is

involved in the breakdown of endothelium-derived vascular

relaxing factor. Nature 1986;320:454–456.

[40] Fields M, Lewis CG, Bureau I. Aspirin reduces blood

cholesterol in copper-deficient rats: A potential antioxidant

agent? Metabolism 2001;50:558–561.

[41] Powell SR. Salicylate trapping of.OH as a tool for studying

post-ischemic oxidative injury in the isolated rat heart. Free

Radic Res 1994;21:355–370.

[42] Vane JR, Botting RM. The mechanism of action of aspirin.

Thromb Res 2003;110:255–258.

[43] Helmersson J, Vessby B, Larsson A, Basu S. Cyclooxygenase-

mediated prostaglandin F2a is decreased in an elderly

population treated with low-dose aspirin. Prostaglandins

Leuk and Essential Fatty Acids 2004 (in press).

[44] Katus HA, Remppis A, Neumann FJ, Scheffold T, Diederich

KW, Vinar G, Noe A, Matern G, Kuebler W. Diagnostic

efficiency of troponin T measurements in acute myocardial

infarction. Circulation. 1991;83:902–912.

[45] Hamm CW, Ravkilde J, Gerhardt W, Jorgensen P, Peheim E,

Ljungdahl L, Goldmann B, Katus HA. The prognostic value

of serum troponin T in unstable angina. N Engl J Med

1992;327:146–150.

[46] Kawakami T, Lowbeer C, Valen G, Vaage J. Post-ischaemic

dysfunction does not correlate with release of cardiac

troponin T in isolated rat hearts. Acta Physiol Scand

1999;167:23–27.

[47] Das DK, Maulik N. Conversion of death signal into

survival signal by redox signaling. Biochemistry Mosc

2004;69:10–17.

K. Berg et al.636

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/2
9/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.


