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Abstract: Objective: This study aims to determine the mechanisms underlying restenosis and ischemia-reperfusion
injury of the myocardium after percutaneous coronary intervention (PCI). Methods: The present study examined serial
changes (5 min, 30 min, 2 h, 6 h, and 24 h after PCI) in circulating P-selectin, plasminogen activator inhibitor-1 (PAI-1),
magnesium (Mg), and creatine kinase-myocardial band fraction (CK-MB) levels, which may be associated with
restenosis and myocardial injury in patients undergoing PCI. The occurrence rates of major adverse cardiovascular
events were collected over a six-month follow-up. Results: PCI induced an early elevation of P-selectin, which cor-
related positively with the inflation pressure used in the PCI procedure. PCI also caused a significant and sustained
decrease in serum Mg in PCI patients, without an effect on PAI-1. An increase in CK-MB was observed in PCI patients,
although values were within normal reference range. In addition, elevated P-selectin and decreased Mg measured
shortly after the coronary angioplasty procedure were associated with recurrent treatment and heart failure, respec-
tively. Conclusions: Our study demonstrates that PCI induces temporal changes of P-selectin, Mg, and CK-MB, which
may be involved in restenosis and ischemia-reperfusion injury. These findings highlight the need for using antiplatelet
therapy and Mg to reduce the risks associated with PCI.
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1 Introduction

Percutaneous coronary intervention (PCI) has
been a common therapeutic method in the treatment
of coronary artery disease since introduced in 1977
(Gruntzig, 1978). However, late restenosis is still
quite frequent despite successful angioplasty (Serruys
et al., 1988; Pendyala et al., 2008). Another risk is
ischemia-reperfusion injury of the myocardium oc-
curring in the immediate stage after successful an-
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gioplasty, despite extensive efforts to reduce its in-
cidence (Park and Lucchesi, 1999). Restenosis and
ischemia-reperfusion injury of the myocardium may
be viewed as multifactorial responses of the vascular
tissue to balloon and stent injury and reflow, which
include endothelial dysfunction, platelet activation,
disorder of electrolytes, and clotting-plasminogen
imbalance (Monnink et al., 2003; Bhoday et al., 2006;
Ma et al., 2006; Thanyasiri et al., 2007). However,
the exact underlying mechanisms are not clear.

It has been reported that the platelet activity and
the plasmin activation system play pivotal roles in the
development of the restenosis after PCI (Stone and
Aronow, 2006; Katsaros et al., 2008). Increased
platelet activity, evidenced by membrane P-selectin
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expression on circulating platelets, is associated not
only with a higher risk of stent thrombosis, but also
with a higher risk of later restenosis development
(Tschoepe et al., 1993; Murasaki et al., 2007; Os-
mancik et al., 2008). Plasminogen activator inhibitor-1
(PAI-1), an important member of the plasmin activa-
tion system, is a predictor of restenosis after stent
placement (Katsaros et al., 2008). Both P-selectin and
PAI-1 are stored in the granule of static platelets or
Weibel-Palade bodies of endothelial cells, and they
may act jointly in the development of the restenosis.
Nevertheless, little is known on their simultaneous
expression pattern after PCI.

Our previous study has shown that the admini-
stration of magnesium (Mg) inhibits the increase in
P-selectin expression on platelets and endothelium
induced by ischemia-reperfusion injury in rats (Ying
et al., 2007). Some other studies have demonstrated
the cardioprotective effects of Mg after ischemia-
reperfusion injury (Headrick et al., 1998; Ravn et al.,
1999; Moens et al., 2005) and that intravenous or oral
application of Mg has marked antithrombotic effects
(Shechter et al., 1999). A significant decrease in se-
rum Mg levels at 3 and 30 min after coronary artery
bypass graft (CABG) surgery has been reported
(Satur et al., 1994), but limited data exist on changes
in serum Mg concentrations in patients after PCI.

In the present study, we investigated serial
changes of circulating P-selectin, PAI-1, Mg, and
creatine kinase-myocardial band fraction (CK-MB) (a
sensitive marker of injured myocardium) in patients
undergoing PCI. The occurrence rates of heart failure,
re-admission due to cardiovascular events (CVs),
recurrent treatment with PCl or CABG, and cardio-
vascular death were collected over a six-month fol-
low-up. This study will help better understand the
dynamic changes of these molecules, which are in-
volved in restenosis and ischemia-reperfusion injury
after PCI, and will provide evidence on applying
suitable pharmacological interventions to reduce the
risks associated with PCI.

2 Patients and methods
2.1 Study population

Subjects were recruited from consecutive
in-patients undergoing coronary angiography (CAG)

in the Second Affiliated Hospital, School of Medicine,
Zhejiang University. Our study population consisted
of 34 subjects with positive CAG (more than 50%
stenosis in coronary arteries): 24 (22 men and 2
women) undergoing successful PCI, with a mean age
of (62.7£10.9) years (range 28-86 years), were in-
cluded as “the PCI group”; the remaining 10 (9 men
and 1 woman) without PCI because of severe lesions
of the coronary artery such as left main, multi-vessel,
and diffuse lesions, with a mean age of (67.4+1.1)
years (range 45-86 years), were included as the
“positive CAG group”. The other 16 subjects (14 men
and 2 women) with negative CAG (less than 50%
stenosis of coronary arteries) were included as the
“negative CAG group”, with a mean age of (61.0+
10.7) years (range 43-78 years).

2.2 Study protocol

The experimental protocol was approved by the
Human Subjects Review Committee of the Second
Affiliated Hospital, School of Medicine, Zhejiang
University, and all subjects provided written in-
formed consent.

2.3 Angioplasty procedures

All patients received nitroglycerin in the coro-
nary artery (100-200 pg) before angioplasty (at
baseline and at follow-up angiography) to avoid co-
ronary spasm. After placement of a vascular sheath,
100 U/10 kg heparin was administered intravenously.
Once it was determined that patients were suitable for
angioplasty, intracoronary nitroglycerin (0.1 mg) was
administered during CAG to all subjects in all groups
before performing angiography. CAG was performed
using the standard available balloon catheters sized to
the normal lumen diameter of the artery to be dilated.
Inflation duration and pressure were left to the dis-
cretion of the angioplasty operator. Drug-eluting
stents were used in all cases in this study. Upon
completion of the procedure, 10 min was allowed to
pass before repeating the angiograms of the dilated
vessel. Selective coronary arteriography was per-
formed in multiple views using the Judkins technique.

2.4 Laboratory tests, patient management, and
follow-up

A 19-gauge butterfly catheter was inserted
atraumatically without a tourniquet into an antecubital
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vein. Whole blood samples were taken from the three
groups before the procedure and at 5 min, 30 min, 2 h,
6 h, and 24 h after the procedure. A total of 3.6 ml
blood was mixed with 0.4 ml 3.8% (w/w) sodium
citrate (9:1, v/v) in an anticoagulant tube and citrated
plasma was obtained by centrifugation at 2500 r/min
for 15 min at 4 °C. Aliquots were stored at =70 °C to
allow batch analysis. Soluble P-selectin was meas-
ured by the enzyme-linked immunosorbent assay
(ELISA) using commercial reagents (R&D Systems,
Abingdon, UK) (Li-Saw-Hee et al., 2000). PAI-1 was
measured by a luminescence substrate method. An-
other 3 ml blood was placed in a centrifuge tube
without anticoagulants and serum was obtained by
centrifugation for the evaluation of full blood chem-
istry (Beckman Synchron CX3, Beckman Instruments
Inc., Brea, CA, USA) including Mg levels (atomic
absorption spectrophotometry; Perkin-Elmer 3100,
Norwalk, CN, USA) (Roth et al., 1994). Subjects
were routinely discharged 3-5 d after CAG. They
were seen again at the out-patient clinic at 1, 3, and 6
months after discharge. Laboratory tests and 12-lead
electrocardiogram were performed, while medication
modification and major adverse CVs, including heart
failure, re-admission due to CVs, recurrent treatment
with PCI or CABG, and cardiovascular death, were
recorded.

2.5 Statistical analysis

All continuous variables were expressed as mean+
standard error of the mean (SEM). Data were nor-
mally distributed. Student t-test, or paired t-test, or
one-way parametric analysis of variance (ANOVA)
followed by Newman-Keuls as a post hoc test, was
employed to detect differences in parametric vari-
ables accordingly. Chi-squared analysis was used to
detect differences among the categorical variables.
Pearson’s correlation was used to measure correla-
tions between variables. A value of P<0.05 was re-
quired to reject the null hypothesis.

3 Results
3.1 Baseline characteristics

Baseline values (including age, gender, type of
disease, risk factors such as hypertension, diabetes
mellitus, current smoking status, and hyperlipidaemia,

etc.) of all the three groups before CAG were com-
pared, and no significant differences were found (all
P>0.05) (Table 1).

Table 1 Baseline characteristics of the three groups

Value”
Baseline Positive  Negative
characteristic PCI CAG CAG
(n=24)  (h=10)  (n=16)
Age (year) 62.7+10.1 67.4+10.1 61.0+10.7
Gender (M/F) 22/2 9/1 14/2
Type of disease
Acute Ml 6 1 0
Subacute Ml 6 2 0
Old Ml 4 1 0
Unstable angina 5 5 0
Stable angian pectoris 3 1 0
Risk factors
Hypertension 7 4 4
Diabetes mellitus 3 2 2
Smoking 9 5 4
Hyperlipidaemia 4 2 3
Medication
Aspirin 18 7 11
ADP-receptor antagonist 20 8 13
ACEI 10 4 6
ARB 3 1 2
-blocker 6 3 4
Calcium chanel blocker 3 2 3
Statin 16 6 9
Nitrate 7 3 5

" Values are expressed as mean+SEM or number. M: male; F: fe-
male; PCI: percutaneous coronary intervention; CAG: coronary
angiography; MI: myocardial infarction; ADP: adenosine diphos-
phate; ACEI: angiotensin-converting enzyme inhibitor; ARB: an-
giotensin receptor blocker. All P>0.05

3.2 Temporal changes of the plasma P-selectin
and PAI-1 levels after PCI

Before the procedure, the plasma concentration
of P-selectin was (10.17+0.63), (9.83+0.77), and
(8.89+0.54) ng/ml in the PCI, the positive CAG, and
the negative CAG groups, respectively (P>0.05,
Fig. 1a). P-selectin did not change significantly in the
negative CAG and the positive CAG groups after a
CAG procedure alone (Fig. 1a). However, in the PCI
group, plasma P-selectin increased significantly at
5 min after PCI [(13.20+1.21) ng/ml] compared to the
baseline value, indicating an early increase in circu-
lating P-selectin.
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Fig. 1 Temporal changes in plasma P-selectin (a) and
plasminogen activator inhibitor-1 (PAI-1) (b) before the
procedure [coronary angiography (CAG) or percuta-
neous coronary intervention (PCI)] and at 5 min,
30 min, 2 h, 6 h, and 24 h following the procedure in the
PCI group (who underwent PCI, n=24), the positive
CAG group (who had positive CAG findings, but did not
have PCI, n=10), and the negative CAG group (who had
negative CAG findings, n=16)

* P<0.05 vs. baseline; * P<0.05 vs. the other non-PCI groups

Basal levels of plasma PAI-1 in two CAD groups
[PCI group: (0.79+0.03) AU/ml; positive CAG group:
(0.77+0.04) AU/mI] were significantly higher than
that in non-CAD group [negative CAG group:
(0.67£0.02) AU/ml, P<0.05; Fig. 1b]. PCI did not
induce any changes in plasma PAI-1 level in the PCI
group, neither did CAG procedure alone in the two
non-PCI groups (Fig. 1b).

3.3 Temporal changes of the serum CK-MB and
Mg levels after PCI

The basal serum CK-MB levels were similar
among the three groups (Fig. 2a). In the PCI group,
the serum CK-MB levels were significantly increased
after the procedure relative to baseline values. The
level peaked during the period of 5 min to 2 h after
PCI, then declined but remained higher at 6 h after
PCl (P<0.01, Fig. 2a). In the two control groups,
CAG alone did not induce any changes in serum
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Fig. 2 Temporal changes in serum creatine Kinase-
myocardial band fraction (CK-MB) (a) and magnesium
(Mg) (b) before the procedure [coronary angiography
(CAG) or percutaneous coronary intervention (PCl)]
and at 5 min, 30 min, 2 h, 6 h, and 24 h following the
procedure in the PCI group (who underwent PCI, n=24),
the positive CAG group (who had positive CAG findings,
but did not have PCI, n=10), and the negative CAG
group (who had negative CAG findings, n=16)

“P<0.05 vs. baseline

CK-MB concentrations (Fig. 2a).

The three groups had similar serum Mg con-
centrations before the operation (Fig. 2b). Serum Mg
levels were decreased after the procedure in the PCI
group, the differences being significant when com-
paring values at 5 and 30 min after PCI vs. baseline
value (P<0.05, Fig. 2b) and comparing values at
5 min, 30 min, 2 h, and 6 h after PCI in the PCI and
negative control groups (P<0.05, Fig. 2b). There was
a trend for a decrease in Mg levels in the positive
CAG group from 5 min to 2 h after the procedure,
but the differences did not reach significance in
comparison with either baseline values or corre-
sponding time points in the negative control group
(P>0.05).

In addition, serum Mg had negative, but weak,
correlations with plasma P-selectin (R=—0.204,
P<0.05) and serum CK-MB (R=-0.341, P<0.05) in
those who underwent PCI after CAG.
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3.4 Correlation between P-selectin and inflation
pressure

We analyzed the correlation between the above
parameters and inflation pressure and duration used in
the PCI procedure. Interestingly, the P-selectin levels
at 5 min following PCI were positively correlated

with the inflation pressure (R=0.647, P<0.001, Fig. 3).

There were no correlations between CK-MB/Mg and
the inflation parameters.

30

£
2 0 3
£ 20f 13
8 © o
@ o 8 o
E wF ¢ o
g 8 ¢
o

0 1 1 1 1 1

7 8 9 10 11 12 13

Inflation pressure (Pa)

Fig. 3 Correlation between the P-selectin levels and the
inflation pressure used in percutaneous coronary inter-
vention (PCI)

The P-selectin levels at 5 min following PCI were positively
correlated with inflation pressure (R=0.647, P<0.001, n=24)

3.5 Associations between P-selectin/Mg and ad-
verse cardiovascular events

During a six-month follow-up, the prevalences
of heart failure and re-admission due to CVs in the
positive CAG group were significantly higher than
those in the PCI and the negative CAG groups
(P<0.05 and P<0.005, respectively), while the oc-
currence rates of recurrent treatment and death due to
CV were not significantly different among the three
groups (P>0.05, Table 2). We further tested whether

Table 2 Major adverse cardiovascular event follow-up
of the three groups six months after discharge from
the hospital

Number
Cardiovascular event  pC| Positive Negative P
(n=24) CAG CAG
(n=10) (n=16)
Re-admissionduetoCV 2 5 2 <0.05
Heart failure 1 4 1 <0.005
Recurrent treatment 1 3 1 >0.05
Death due to CV 2 1 0 >0.05

CV: cardiovascular event

the circulating levels of P-selectin, PAI-1, Mg, and
CK-MB had any associations with adverse CVs. In-
terestingly, subjects who had recurrent treatment at
six-month follow-up had elevated P-selectin levels at
24 h after the procedure (P<0.01, Fig. 4a) and those
who developed heart failure had lower Mg levels at 5
min after the procedure (P<0.01, Fig. 4b), suggesting
that an increase in P-selectin and a decrease in Mg
after the procedure are correlated with outcomes.
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Fig. 4 Associations between P-selectin (a)/Mg (b) and
adverse cardiovascular events

Subjects who had recurrent treatment (RT) at six-month
follow-up had elevated P-selectin levels at 24 h after per-
cutaneous coronary intervention (PCI) (P<0.01, n=24), and
those who developed heart failure (HF) had lower Mg levels
at 5 min after PCI (P<0.01, n=24)

4 Discussion

The present study investigated temporal changes
of circulating P-selectin, PAI-1, Mg, and CK-MB in
subjects undergoing PCI, and their correlations with
future adverse CVs. There were several findings. PCI
induced an early increase in P-selectin, a sustained
increase in CK-MB, and a significant decrease in Mg
in patients with coronary heart diseases, but had no
effect on PAI-1. The P-selectin levels at 5 min fol-
lowing PCI were positively correlated with the infla-
tion pressure. Elevated P-selectin and decreased Mg
measured shortly after the coronary procedure were
associated with recurrent treatment and heart failure,
respectively. This study suggests that the changes of
P-selectin and Mg induced by PCI may be associated
with restenosis and ischemia-reperfusion injury, and
provides additional evidence supporting the use of
platelet inhibitors and Mg before and/or during the
procedure to reduce the risks associated with PCI.

Basal levels of PAI-1 in both CAD groups (PCI
and positive CAG groups) were significantly higher
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than that in the disease-free group, in keeping with a
contribution from the imbalance of the coagulation-
fibrinolysis system in the development and progres-
sion of CAD. Interestingly, PCI did not induce ele-
vations in PAI-1, which suggests that PCI, as a kind
of mechanical vascular recurrent treatment, has no
direct effect on the coagulation-fibrinolysis system.
Since thrombolysis causes an increase in plasma
PAI-1 levels (Paganelli et al., 1999), PCI might be
superior to drug thrombolysis in this regard.

We detected an early elevation of the plasma
P-selectin after PCI, which may be related to imme-
diate platelet activation and injury of endothelial cells.
It is known that coronary angioplasty induces platelet
activation (Dehmer et al., 1997), and increased
platelet activity is associated not only with ischemia-
reperfusion injury at the immediate stage, but also
with restenosis at the late stage after coronary angio-
plasty (Tschoepe et al., 1993; Murasaki et al., 2007;
Osmancik et al., 2008). In this study, we also found
that the plasma P-selectin level at 5 min after PCI was
positively correlated to inflation pressure, indicating
that the increase in circulating P-selectin levels is
partly due to vascular injury caused by coronary an-
gioplasty. These results highlight the importance of
using antiplatelet therapy as early as possibly to in-
hibit the activation of platelets, as well as performing
the operation as gently as compatible with a suc-
cessful dilatation, in order to prevent unnecessary
arterial injury.

CK-MB is a sensitive marker of myonecrosis
and has been detected in 5%-50% of patients after
PCl (Abdelmeguid and Topol, 1996; Califf et al.,
1998; Kanaparti and Brown, 2000). The levels of
serum CK-MB were significantly elevated after PCI,
but values were still within the normal range, indi-
cating that PCI induced a low-grade injury but not
necrosis of the myocardium. The elevation of CK-MB
after PCI may be due to a burst of oxygen free radicals,
calcium overload, and activation of leukocytes and
platelets (Piper et al., 1998; Ambrosio and Tritto,
1999; Park and Lucchesi, 1999). In addition, a limi-
tation of blood flow to heart tissue caused by coronary
angioplasty may lead to partial leakage of enzyme
from the myocardium.

Our study showed lower serum Mg levels in the
PCI group from 5 min to 24 h following the procedure
(being significant at 5 min and 30 min). Interestingly,

Satur et al. (1994) found that the levels of serum Mg
were significantly reduced at 3 and 30 min after
CABG compared to the preoperative value and lasted
for more than 24 h. They proposed that the decrease in
serum Mg levels was related to the following factors:
(1) blood diluting-induced hypomagnesaemia; (2)
paroxysmal ischemia and blood dilution; (3) acute
catecholamine secretion, stress, and associated high
free fatty acid concentrations (Ryzen et al., 1986).
However, the exact mechanism of Mg decline asso-
ciated with PCI is unclear. Whether those factors
underlying CABG-induced Mg deficiency are also
involved in the decrease in serum Mg of PCI patients
remains unknown and warrants further investigation.

Some studies have verified that intravenous in-
fusion of Mg inhibits the expression of P-selectin
(Gawaz et al., 1996; Rukshin et al., 2003) and alle-
viates atherosclerosis, myocardial infarction, and
ischemia-reperfusion injury of the myocardium (Leor
and Kloner, 1995; Murthi et al., 2003). Mg, as a nat-
ural antagonist of calcium, can inhibit the overload of
calcium in the endothelial cells, attenuate the injury of
endothelial and other cells initiated by P-selectin,
decrease platelet activation (Shechter et al., 2000),
improve myocardial metabolism, and finally prevent
ischemia-reperfusion injury. Murasaki et al. (2007)
have previously demonstrated that Mg pretreatment
plays a cardioprotective role by inhibiting ische-
mia-reperfusion induced up-regulation of P-selectin.
Another study has shown that Mg adminstration be-
fore PCI results in beneficial effects on LV function
and microvascular function in patients with acute
myocardial infarction (Nakashima et al., 2004). The
present study shows that decreased Mg levels were
accompanied by elevated P-selectin and CK-MB in
the PCI group. Taken together, Mg deficiency and
elevated P-selectin related to coronary angioplasty
could be associated with CK-MB leakage through
inducing myocardial injury. Therefore, it is suggested
that supplying patients with Mg before the procedure
and for a period thereafter could attenuate myocardial
injury.

Elevated P-selectin and decreased Mg measured
shortly after the CAG procedure are associated with
recurrent treatment and heart failure, respectively, in
all subjects, which further supports the concept that the
administration of platelet inhibitors and Mg is neces-
sary for patients receiving CAG with or without PCI.



Ying et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2010 11(8):575-582 581

The present study has some limitations. It is
challenging to seek the association between plasma
biomarkers and clinical end points in a small study.
Although an association has been shown, it is not
clear yet whether these markers are mechanistically
causative of the restenosis and ischemic injury fol-
lowing PCI.

In conclusion, this study investigates temporal
changes in circulating P-selectin, CK-MB, and Mg
levels in patients with coronary heart diseases after
PCI. The results provide additional evidence for the
application of antiplatelet therapy and Mg to reduce
the risks associated with PCI.
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