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Background. Percutaneoustransluminal coronary angioplasty (PTCA) constitutesa clinical mod-
el of reperfusion following a short period of ischemia connected to balloon inflation during the pro-
cedure. During the procedure some ischemic damage and oxidative injury related to freeradical at-
tack might occur. In the present study we investigated the extent of ischemic damage and some bio-
chemical indexes of reperfusion damage in patients undergoing PTCA.

Methods. Twenty-five patientswho underwent PT CA because of angiographically detected occlu-
sion of thecoronary artery wereenrolled. Balloon inflation lasted from 30to 60 s. ECG changeswere
monitored throughout the procedure and blood samplesweretaken from the coronary artery and coro-
nary sinus before balloon inflation, and again from coronary sinus at the peak of ischemia, 2 and 10
min after reperfusion.

Results. During PTCA procedure angina pectoris appeared in 62.7% of patients, whereas ST-seg-
ment elevation was present in 87% of patients, regressing completely after balloon deflation. Plasma
malonyldialdehyde, an index of lipid peroxidation, did not change; coenzyme Q4 (in its oxidized and
reduced forms), vitamin E and -car otene were also unchanged. Total antioxidant capacity and uric
acid decreased upon reperfusion.

Conclusions. Myocardial ischemia occurring during balloon inflation is brief and regresses com-
pletely after balloon deflation. Reperfusion following a short period of acute ischemia such asin
PTCA doesnot constitute an oxidative event detectable through a common marker of lipid peroxida-
tion nor doesit alter the concentration of lipophilic antioxidants. It only lower s hydrosoluble antiox-
idantstherefore representing a mild oxidativeinsult.

(Ital Heart J 2000; 1 (3): 216-220)

Introduction The pathogenetic mechanism of my-

ocardial ischemic damage is still not well

Ischemia-reperfusion damage presents
important implications with relation to mul-
tiple pathol ogies and these issues are arous-
ing increasing interest in preventive medi-
cinet. The diffusion of current techniquesto
restore blood flow to theischemic heart such
as percutaneous transluminal coronary an-
gioplasty (PTCA) have focused the attention
on the consequences of reperfusion.

Ischemia followed by reperfusion con-
stitutes a series of events in which the pro-
duction of oxygen free radicals might over-
whelm the capacity of the antioxidant sys-
tems?3,
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known. Recent studies have demonstrated
that damage can be caused as aresult of re-
active oxygen species generation or induced
by intracellular calcium overload4. Thereis
general agreement about the main compo-
nents of the phenomenon which include: a)
time of balloon inflation; b) the site of ob-
struction; c) the presence or absence of the
collateral circulation; d) concomitant phar-
macological therapy56. Regarding this point
calcium antagonists are mainly known for
their cytoprotective action; 3-blockers can al-
so reduce the entity of ischemia during in-
flation, but only if administered as pre-treat-
ment.
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Ischemic damage is usually assessed by changesin
the ECG. The most frequent is a typical ST-segment
change during PTCA, resulting from transmura is-
chemia of the district tributary of the artery where the
balloonisinflated. Other ECG changes are sinus brady-
cardia, linked to ischemiaat the snusnode level, and ex-
trasystoles (mainly supraventricular).

The ensuing reperfusion damage would derive from
the sudden reoxygenation of the ischemic area: in such
acondition, production of reactive oxygen specieswould
occur.

Studies on animal and human models* show that
oxidative stress in this situation is correlated with the
length of theischemic period, suggesting that the latter
isacritical event in determining the extent of oxidative
injury. Of course the detection of freeradical speciesdur-
ing ischemia-reperfusion would help to clarify the mech-
anismsinvolved in the oxidative injury; changesin an-
tioxidant concentration can also give some indications
about the extent of oxidative stress.

In the present study we monitored amarker of lipid
peroxidation, i.e. malonyldialdehyde (MDA) together
with some liposoluble and hydrosol uble antioxidants and
total antioxidant capacity in the blood of coronary sinus
throughout the procedure of routinely performed PTCA.
Among the liposoluble antioxidants ubiquinol, the re-
duced form of coenzyme Q,, is a powerful antioxi-
dant mainly carried by LDL; in fact it is the first an-
tioxidant to intervene when LDL are subjected to ox-
idative stress’.

We assayed three more liposoluble antioxidants,
i.e., B-carotene and a-tocopheral, and uric acid, avery
important hydrosoluble antioxidant for its high con-
centration in the blood.

M ethods

Twenty-five patients (23 males and 2 females) with
angiographically detected occlusion of the coronary
artery were enrolled in this study. PTCA had been de-
cided independent of this study, which was approved by
the ethical committee of the hospital; all subjects gave
informed consent. Most of them (Table I) had a histo-
ry of myocardial infarction.

Patients were under standard medical therapy
(Tablell).

Tablel. Clinical characteristics of the study patients.

Ex-smoker males 23
Post-menopausal females 2
Age (years) 60-10.5
Myocardial infarction 15/25
Dyslipidemia 13/25
Hypertension 8/25

Tablell. Standard medical therapy.

Day before During the procedure  After the procedure

Aspirin325mg  Heparin 10 000 1U Aspirin 325 mg
Tiklid 250 mg X 2 Nitroglycerin0.2mg Tiklid 250 mg X 2
Tildiem X 3

Balloon inflation lasted from 30 to 60 s. Less than
10% of stenoses affected the right coronary artery; on this
basis we did not attempt to statistically analyze the re-
sults according to the site of obstruction.

To assess PTCA-induced myocardia ischemia, dl pa
tients were monitored with continuous 12-lead ECG
before, during and after PTCA procedure.

The resulting ECG changes were classified as be-
longing to anterior, inferior and non-specific ischemia.
Anterior wall ischemiawas defined as ST-segment ele-
vation in 2 contiguous precordial V leads. Inferior
wall ischemia was defined as ST-segment elevation in
> 1 of the 3 limb leads (11, Il or aVF). All the other ST-
segment deviation patterns were classified as non-spe-
cific ischemias.

Coronary artery blood was collected before balloon
inflation; venous blood was collected from the coro-
nary sinus before balloon inflation (BV 1), at the peak of
ischemia(BV2), 2 and 10 min &fter reperfusion (BV3 and
BV 4, respectively). Sampling of arterial blood was per-
formed only once, before balloon inflation. Although this
might congtitute alimitation, it israther unlikely that my-
ocardia events occurring during the short timein which
the measurements were conducted are able to induce bio-
chemical changesin the generd circulation and therefore
in the coronary artery.

Plasma clinical-chemical parameters. Total choles-
terol, LDL and HDL cholesterol, triglycerides and uric
acid were assayed in plasma sampl es (heparin was used
as an anticoagulant) by a CX-Synchron apparatus (Beck-
man, Brea, CA, USA) using enzymatic kits.

Plasma liposoluble antioxidants. Ubiquinol, ubiqui-
none, a-tocopherol, B-carotene were assayed by HPLC
equipped with electrochemical detector (EC). Aliquots
of 50 ul of plasmawere precipitated with 250 pl of iso-
propanol HPLC grade, vortexed for 1 min and cen-
trifuged for 3min at 1000 rpm. After centrifugation, 100
ul of the supernatant was injected into HPL C-EC system
set up in the following conditions. C8 analytical column
(250 X 46 nm, 5 um particle size, Supelco-Sigma
Aldrich, Milan, Italy) coupled with two C8-AZB pre-
columns (50 X 46 nm, 5 um, Supelco-SigmaAldrich, Mi-
lan, Italy). The mobile phase was prepared by dissolv-
ing LiICLO4 (10 mM) in methanol: 2-propanol: ethanol
72:8:20 v/v, flow rate 1.2 ml/min. The detection of the
peak was carried out by a Coulochem detector (ESA,
5100A model) fitted with amodel 5021 conditioning
cell and amodel 5010 analytical cell. The three elec-
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trodes in series were respectively set at -0.6, -0.15, and
+0.6 V. The peak quantification was performed using
apure standard solution of ubiguinone at known con-
centrations calculated spectrophotometrically using
the extinction coefficient of 14 M-1L-1 at A = 275 nm.

M alonyldialdehyde plasma levels. Plasma MDA was
assayed using an LPO-586 test kit (Wak-Chemie Med-
ical, Bad Soden, Germany). The LPO-586 assay is based
on the reaction of a chromogenic reagent with MDA at
45 C. One molecule of either aldehyde reacts with two
molecules of chromogen to yield a stable chromophore
with maximal absorbency at 586 nm.

Total antioxidant capacity. The antioxidant capacity of
plasmawas tested using the method described by Miller
et al.9, based on the inhibition of the absorbency of rad-
ical cation of 2,2 -azinobis 3-ethylbenzothiazoline 6-
sulfonate (ABTS*) by antioxidants. Thisradical cation
is generated in vitro by the interaction of ABTS and
ferrylmyoglobin radical species; antioxidants present
in plasma suppress the absorbency of ABTS + to an ex-
tent and on atime scal e dependent on the antioxidant ac-
tivity of sample under investigation.

The assay was standardized using a vitamin E ana-
logue (trolox) and the total antioxidant capacity was
expressed as mM trolox.

Results are expressed as average — SD. Statistical
evaluation of obtained datawas performed according to
ANOVA repeated measure test.

Results

During PTCA procedure angina pectoris appeared in
62.7% of patients. It began after alatent period of almost
10-20 s, lasted throughout ischemia and vanished after
balloon deflation. ECG monitoring showed ST-segment
elevation in 83% of patients. The amplitude of ST-seg-
ment elevation was similar to that observed in clinical
practice. |schemiainvolved the anterior wall in 39% of
cases, the inferior wall in 18% of cases, and was non-
specific in 26% of cases. Other ECG findings were
supraventricular extrasystoles (12%) and sinus brady-
cardia (4%).

The concentration of lipophilic antioxidants, aswell
as the ubiquinol/ubiquinoneratio, remained unchanged
throughout the procedure, as shown by the values found
in BV1, BV2, BV3and BV4. Furthermore, MDA lev-
els did not increase in any of the different steps of
PTCA procedure (Table I11), suggesting that lipid per-
oxidation does not occur during reperfusion following
short ischemia. The only parameter which showed ade-
crease, statistically significant in BV3, was the total
antioxidant capacity value, which was mainly related to
changes in hydrosoluble antioxidant concentrations. In
fact uric acid showed asimilar trend to total antioxidant
capacity, decreasing in BV 3, athough without statisti-
cal significance (Fig. 1).

Discussion

Theresults obtained in our study group confirm that
myocardial ischemia which occurs during balloon in-
flation isvery short, and regresses completely after bal-
loon deflation. The 12-lead ECG is usually considered
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Figure 1. Total antioxidant capacity (TAC) and uric acid levelsin plas-
ma fromthe coronary artery and coronary sinus at different times during
coronary angioplasty. BA1 = blood sample from the coronary artery be-
fore balloon inflation; BV1 = blood sample from the coronary sinus be-
fore balloon inflation; BV2 = blood sample fromthe coronary sinus at peak
ischemia; BV3 = blood sample fromthe coronary sinus 2 min after reper-
fusion; BV4 = blood sample from the coronary sinus 10 min after reper-
fusion.

Table111. Antioxidants and malonyldialdehyde (MDA) levelsin plasma.

Antioxidants BA1 BV1 BV2 BV3 BV4
Coenzyme Q;q (LM) 0.85-0.21 0.85-0.20 0.83-0.20 0.83-0.20 0.84-0.21
Ubiquinol (%) 88-5 89-5 87-5 87-6 88-5
o-tocopherol (M) 33.0-7.0 320-6.6 34.0-8.1 31.0-55 340-738
B-carotene (M) 0.24-0.13 0.23-0.08 0.20—0.07 0.24-0.13 0.25-0.15
MDA (uM) 0.50—0.13 0.49-0.13 0.46—0.11 0.49-0.13 0.54—0.19

BA1 = blood sample from the coronary artery before balloon inflation; BV 1 = blood sample from the coronary sinus before balloon in-
flation; BV2 = blood sample from the coronary sinus at peak ischemia; BV 3 = blood sample from the coronary sinus 2 min after reper-
fusion; BV4 = blood sample from the coronary sinus 10 min after reperfusion.
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amore sensitive index of ischemiathan the appearance
of angina8, which was confirmed by our results. It is
known that there is no correl ation between the entity of
anginaand the amplitude of ST-segment deviation?0. The
overall benefits of PTCA in our group of patients were
unquestionable. In 94% of them the stenosis area was
reduced to < 30% of the cross section of the artery and
to < 10% in 61% of patients.

On the biochemical sideit is quite evident from our
results that none of the lipophilic antioxidants changed
in concentration during PTCA. Not even the ubiquinol/
ubiquinoneratio, which isasensitive marker of freerad-
ical attack, was affected by ischemia-reperfusion relat-
ed to PTCA, in our conditions.

A study conducted in 13 patients undergoing PTCA
reported that lipid hydroperoxide levelsin plasmaand
LDL remained unchanged throughout the period fol-
lowing PTCALL,

Previous observations on blood samplestaken from
the great cardiac vein before and immediately after one
to five serial balloon inflations indicated araised lipid
peroxide concentration after balloon angioplasty in 59%
of inflations lasting 60 s, even though there was no cor-
relation between lipid peroxides and the degree of pre-
ceding myocardia ischemiaas assessed by either ST-seg-
ment shift or lactate production?2,

Even though MDA determination represents a bio-
chemical index which is not highly specific, if the en-
vironmental parameters are kept constant, the MDA
content of asystem isbdlieved to beindicative of the ex-
tent of formation/decomposition of lipid oxidation prod-
ucts which are MDA precursorst3. Usualy correlative
data of other indices of lipid peroxidation strengthen the
value of thistest.

In our work samples from the coronary sinusdid not
show any significant variations of MDA, nor were the
lipophilic antioxidants affected. Previous datal415 showed
some increased release of MDA during PTCA; in fact
therewas a direct relationship between theischemic bur-
den and the myocardial release of thiobarbituric-acid-
reactive-substances in 8 patients undergoing angio-
plasty!4. Data obtained by De Scheerder et a.15 showed
that four consecutive transluminal dilations of 90 seach
with deflation intervals of 3 min were able to induce a
significant increase in great cardiac vein-arterial con-
centrations of hypoxanthine, MDA and uric acid. It is
interesting to notice that whereas MDA and hypoxan-
thine release is progressive and starts right after the
first inflation, uric acid vein-arterial difference dightly
decreases after thefirst two inflations and then sharply
rises. In our patients the ischemic period was aways
shorter compared with patients described in the | atter pa
pers; in fact our balloon inflation lasted on average 45
s. In this condition we had a significant decrease of
uric acid in blood from the coronary sinus shortly after
reperfusion. Thisisin agreement with the data of De
Scheerder at a.15 and our interpretation isthat after amild
oxidative stress uric acid isamong the first antioxidants
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to counteract the oxidative insult and therefore we can
see a decrease in concentration. With repetitive occlu-
sions the uric acid vein-arterial difference increases,
possibly due to enhanced hypoxanthine conversion by
endothelia xanthine oxidase, overwhelming acertain de-
gree of uric acid consumption as antioxidant.

Urinary levels of F2 isoprostanes are afamily of sta-
ble end products of lipid peroxidation and they proba-
bly represent a non-invasive index of free radical gen-
eration in syndromes of cardiac reperfusion. In fact not
only after PTCA for acute myocardial infarction, but al-
so after elective PTCA there was a significant, even
though slight, increase of these productsts. They could
have a cardiac origin; therefore their assay could be
more sensitive than MDA or lipophilic antioxidants.
They might also represent a product arising from my-
ocardial tissue, and possibly from other sites, during the
6-hour period following elective PTCA.

Direct evidence of freeradical generation, by elec-
tronic paramagnetic resonance measurement of a spin-
trap adduct, was presented even in mant7; in fact the ex-
vivo assay of the adduct was performed in blood taken
from the right atrium during angioplasty reperfusion for
acute myocardial infarction.

Our assays were conducted in blood from the coro-
nary sinus. MDA does not likely represent the most
sensitive parameter of lipid peroxidation; nonetheless,
these data, together with the unchanged levels of
lipophilic antioxidants, might suggest that the degree of
free radical production during reperfusion following
such ashort ischemic period, asin our procedure, isnot
sufficient to attack plasmalipoproteins.

Moreover, in the present study, total antioxidant ca
pacity decreased significantly at the onset of reperfusion
and thiswasin connection with alowering of uric acid.
It islikely that ascorbic acid, which we did not test in
our study, also decreased during PTCA. Therefore rou-
tinely performed PTCA procedure seems to involve a
free radical production capable of affecting water-sol-
uble antioxidants, which constitute the first line of in-
tervention against radical insult. In fact studies con-
ducted in isolated rat hearts have shown that tissue hy-
drophilic antioxidants are easily oxidized, when
lipophilic antioxidants are still unaffected, and may
therefore constitute the first line of antioxidant defens-
es during reperfusion?s,

In conclusion, our study demonstrated that in our pa-
tients, in whom a single inflation was enough to re-
canalize the obstructed artery, the duration of ischemia
was not long enough to result, upon reperfusion, in
lipid peroxidation as detectable by plasma MDA.
Lipophilic antioxidants were also unchanged, so we
can reasonably hypothesize that the limited oxidative
stresswhich occurred in our patientswaswell counter-
acted by hydrosol uble antioxidants, without a detectable
insult on the lipid component of plasma. If the procedure
involves alonger lasting ischemia, or in PTCA after my-
ocardial infarction, biochemical markers of reperfusion
damage become more evident.
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