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Impact of intracoronary nicorandil before stent deployment
in patients with acute coronary syndrome undergoing
percutaneous coronary intervention
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Abstract. The present study aimed to clarify the effect of
bolus intracoronary nicorandil on inflammatory, oxidative
and adherent indicators in patients with acute coronary
syndrome (ACS) undergoing percutaneous coronary
intervention (PCI). This randomized controlled trial (RCT)
was performed to detect the inflammation and oxidative
stress in intracoronary blood both before and after PCI.
In total, 65 consecutive patients undergoing PCI were
classified into a nicorandil therapy group (n=32) or a placebo
group (n=33). All procedures were performed at Shandong
University Qilu Hospital, China, during the period from
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March, 2016 to May, 2017. Intracoronary blood from patients
who received nicorandil therapy during PCI showed no change
in soluble CD40 ligand (sCD40L) concentration (1.86+0.08
vs. 1.90+0.09 ng/ml, P=0.12) but a significant increase was
noted in the control group (1.87+0.17 vs. 2.82+0.26 ng/ml,
P<0.01). This indicated a relative reduction in SCD40L level
after PCI in the nicorandil group. We further demonstrated an
increase in superoxide dismutase (SOD) activity (29.37+0.81
vs. 31.03+0.60 U/ml, P<0.001) and a reduction in lipid
peroxidation (3.84+0.99 vs. 4.23+0.13 U/ml, P=0.001) in the
nicorandil group but observed no change in the placebo group.
ICAM-1 levels showed no change in the nicorandil group
(69.54+6.89 vs. 72.01+8.25 ng/ml, P=0.83) but a significant
increase in the control group after PCI in intracoronary
blood (56.57+4.96 vs. 76.81+6.88 ng/ml, P=0.002). No
changes were found in hs-CRP, TNFa and sVCAM-1 levels in
coronary blood for both groups before and after PCI in ACS
patients. Our findings demonstrate that intracoronary bolus
nicorandil therapy has a significant effect on the inhibition of
inflammatory indicators and oxidative stress in patients with
ACS during PCI. This suggests a possible medical application
of nicorandil for reducing inflammation and oxidative stress.

Introduction

Percutaneous coronary interventions (PCIs) are widely
performed as an invasive intervention to treat patients with
acute coronary syndromes (ACSs) including non-ST-elevation
ACS [including unstable angina (UA) and non-ST-elevation
myocardial infarction (NSTEMI)] and ST-elevated myocardial
infarction (STEMI). It is well-established that PCI induces
elevated levels of inflammatory mediators and pathophysi-
ological levels of reactive oxygen species (ROS) production,
which leads to an occurrence of restenosis, stent thrombosis
and other adverse cardiovascular events in patients with ACS
after PCI (1-4).

Inflammatory markers have been implicated as the most
important risk indicators in the development of restenosis and
may be predictive of poor cardiovascular outcomes in ACS
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patients undergoing coronary angiography (4-7). The concen-
tration of inflammatory cytokines also correlates with the
occurrence of stent restenosis. Furthermore, oxidative stress is
involved in the pathogenesis of cardiovascular diseases, which
is characterized by an imbalance between the generation of
ROS and the capacity of the intrinsic antioxidant defense
system (8). Research has documented that oxidative stress
indicators released from stenotic and symptomatic lesions in
patients undergoing PCI participate in the development of new
lesions, and increase the risk of major adverse cardiovascular
events (MACE) such as cardiovascular death, myocardial
infarction (MI) and stroke (9-13).

Nicorandil is a hybrid agent with distinctive pharmaco-
logical function as an ATP-sensitive potassium channel (K yp)
opener and a nitric oxide donor. The mechanism of nicorandil
includes not only dilation of both the macrovascular and
microvascular systems but also has potential cardio-protective
effects. Intracoronary (IC) injection of nicorandil has
been reported to be safe for patients with coronary artery
disease (CAD) during PCI (14-18). Additionally, it was
found to improve the prognosis of patients with acute heart
failure (AHF) (16), and to ameliorate both early functional
defection (17) and long-term complications of acute myocardial
infarction (AMI). However, the effects of intracoronary nicor-
andil injection on inflammation and oxidative stress remain
unclear in patients with ACS undergoing PCI as no data are
available at present. Thus, the present study was performed to
evaluate the feasibility and efficacy of IC nicorandil injection
for the improvement of inflammation and oxidative stress in
patients with ACS undergoing PCI.

Materials and methods

Study population. This single-blinded, randomized prospec-
tive and clinical trial was performed at the Department
of Cardiology, Qilu Hospital, Shandong University, Jinan,
Shandong, China. Patients were eligible if they were age
30 years or older and admitted to our institution for ACS. The
diagnosis of ACS was based on clinical symptoms, electro-
cardiographic changes compatible with AMI, and elevation
of cardiac biomarkers (18). This study enrolled patients with
AMI and unstable angina pectoris. Clinical symptoms of ACS
were as follows: Angina pectoris including chest pain with or
without radiating to the neck, jaw, upper abdomen or shoulder.
AMI was defined as episodes of chest pain persisting >30 min
and <24 h, ST-segment elevation in at least two continuous
electrocardiogram leads, and more than two-fold creatine
kinase (CK) elevation above the maximum peak in the normal
range (19). The diagnosis of unstable angina pectoris was
based on typical precordial chest pain at rest, angiographic
evidence of a stenosis =75% according to the American Heart
Association (AHA) classification (11) and no elevation of
cardiac biomarkers.

Exclusion criteria were as follows: Age >90 years; patients
with history of coronary artery bypass grafting (CABG);
systolic blood pressure (BP), 80 mmHg; known allergy to
aspirin, clopidogrel, ticagrelor or nicorandil; bleeding history
within the prior 3 months; cancer or other severe comorbidity
affecting life expectancy. NSTEMI patients are not eligible for
stent implantation, thus they were also excluded.
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Finally, 65 consecutive participants with a diagnosis
of ACS were recruited to the trial after providing written
informed consent for angiography, PCI and blood extraction.
All patients were admitted to our hospital between March 2016
and May 2017. This study was approved by the Qilu Hospital
Ethics Committee (KYLL-2015266). All procedures were
performed as standard interventional techniques following
current guidelines at the time of intervention.

Procedures. Sixty-five patients with ACS were randomly
divided into two groups: A nicorandil treatment group and a
control group. The 32 patients in the nicorandil group received
an IC bolus of nicorandil (2 mg/2 ml) before reperfusion with
PCI and the 32 patients in the control group received the same
volume of physiological saline. PCIs were performed due to
stenosis-related coronary artery. Next, 3,000 units of heparin
was injected after the achievement of arterial access, and
adjunctive injections of 7,000 units were needed for patients
undergoing PCI. IC administration of nitroglycerin was used
to achieve the maximal vasodilation for all patients before the
initial and final angiograms. PCI was performed following
standard procedures.

A total dose of 12 mg nicorandil was dissolved in 12 ml
of 0.9% saline. Two milliliters of nicorandil in the nicorandil
group and 2 ml saline in the control group were administered,
respectively, by IC bolus injection before percutaneous trans-
luminal coronary angioplasty (PTCA). All other procedures
were the same for both treatment groups. The cardiologist
in-charge performed PCI and IC injection of nicorandil or
saline in the catheter laboratory at the appropriate time. No
angiographical residual stenosis was detected in any patients
and there were no deaths during PCI. No follow-up data, such
as complications, mortality and long-term effect of nicorandil,
were available in this study. After all procedures, patients were
maintained on aspirin (100 mg once daily) plus clopidogrel
(75 mg once daily) or ticagrelor (90 mg twice daily) for at least
1 year after metal stent placement followed by the physician's
specific directions.

Collection and preservation of coronary blood.
Approximately 10 ml of intracoronary blood was collected
from the distal coronary stenosis with a Finecross
micro-catheter (Asahi Intecc Co., Ltd.) before the injection
of nicorandil or saline prior to PTCA, and immediately after
the stent placement in patients undergoing PCI. The blood
samples were collected in vacutainer anticoagulant tubes
at room temperature for ~30 min and then centrifuged for
10 min at 1,000 x g. Plasma and serum were aliquoted and
stored at -80°C until further analysis.

Measurement of SOD and MDA. Superoxide dismutase (SOD)
was examined using an SOD determination kit (cat. no. 19160;
Sigma-Aldrich; Merck KGaA) following the manufacturer's
instructions. Each sample was measured with three replicates
of four samples: Sample, Blank 1, Blank 2 and Blank 3. The
Sample subset consisted of 20 ul sample solution, 200 pl of
WST working solution and 20 pl of enzyme working solution.
Then the sample solution was substituted by 20 pl of enzyme
working solution as Blank 1. Blank 2 consisted of 20 ] sample
solution, 200 ul of WST working solution and 20 pl of dilution
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buffer. Finally, 20 ul sample solution was substituted by
20 pl of enzyme working solution in Blank 3 compared with
Blank 2. The plates were incubated at 37°C for 20 min and the
absorbance was read at 450 nm using a microplate reader. The
SOD activity calculation formula is as follows: SOD activity
(inhibition rate %)={((Apiunk 1A brank 3)~(Asampie™A Brank 2)) (A prani 1=
Agpnia)} X100.

Malondialdehyde (MDA) was measured with the Lipid
Peroxidation Assay Kit (cat. no. MAKO85; Sigma-Aldrich;
Merck KGaA) according to the manufacturer's instructions.
The MDA standard solution was used to generate blank,
04,0.8, 1.2, 1.6 and 2.0 nmol standards to create a standard
curve. Plasma samples (10 pl) were gently mixed with 500 pl
of 42 mM sulfuric acid. Then 125 ul of phosphotungstic acid
solution was added and mixed by vortexing. After incubation
at room temperature for 5 min and centrifugation at 13,000 x g
for 3 min, the pellet was resuspended on ice with a water/BHT
solution. TBA solution was added to each sample including
standards and they were incubated at 95°C for 1 h. Then,
200 p1 of each sample mixture and standard were pipetted into
a 96-well plate and the absorbance was measured at 532 nm.
The concentrations of MDA in samples were calculated using
the previously determined standard curve. Three replicates
were conducted for each sample.

Measurement of sCD40L, tumor necrosis factor o (TNFa),
high-sensitivity C-reactive protein (hs-CRP), intercellular
adhesion molecule-1 (ICAM-1) and vascular cell adhesion
molecule-1 (VCAM-1). Enzyme-linked immunosorbent assay
(ELISA) was used to determine the inflammatory factors for
each plasma sample according to the manufacturer's instruc-
tions. A serial dilution of purified standards was used to
generate a standard curve to measure the cytokine levels in
a semi-quantitative way. Kits purchased from R&D Systems
were used to detect the plasma or serum levels of soluble CD40L
(cat. no. DCDL40, Human CD40 Ligand/TNFSF5 Quantikine
ELISA kit), TNFa (cat. no. DTAOOD, Human TNF-a
Quantikine ELISA kit), hs-CRP (cat. no. DCRP00O, Human
C-Reactive Protein/CRP Quantikine ELISA kit), -CAM
(cat. no. DCD540, Human ICAM-1/CD54 Allele-specific
Quantikine ELISA kit) and V-CAM (Cat. no. PDVC00, Human
sVCAM-1/CD106 Quantikine ELISA kit). Three replicates
were examined for each sample.

Statistical analysis. Data are shown as the mean + SD and
three replicates were conducted for each analysis. Differences
between the nicorandil and placebo groups were analyzed by
the two-tailed paired t-test for continuous outcome variables.
This test was used for comparing the pre-PCI and post-PCI
values within the nicorandil and control groups. The compari-
sons between non-continuous variables were performed using
the * test. SPSS statistical software package, version 17.0
(SPSS Inc.) was used for analysis. A P-value <0.05 was consid-
ered statistically significant.

Results
Patient baseline characteristics. In this study, a total of 65

consecutive patients were enrolled with 32 randomly allocated
to the nicorandil and 33 to placebo groups. The baseline
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characteristics of the two groups are shown in Table I. There
were no significant differences in age, sex, BMI, incidence of
coronary risk factors, serum creatinine or urea nitrogen levels,
ejection fraction (EF), previous MI history, culprit lesions
or quantitative angiographic data between the two groups.
Clinically, 5 patients (15.6%) and 3 patients (9.1%) were diag-
nosed with myocardial infarction (MI) in the nicorandil group
and placebo group, respectively. Other patients were diag-
nosed with unstable angina (UA). There were no significant
differences in the use of oral medications at discharge among
all patients.

Outline of the PCI procedures. Coronary angiography was
performed to visualize the severity of coronary stenosis.
The subsequent treatment of PTCA was followed up if the
residual diameter stenosis was greater than or equal to 75%
of the coronary artery stenosis diameter. The Finecross
micro-catheter reached the distal coronary stenosis guided
by a coronary guide-wire, and 10 ml of coronary blood
was collected before PCI. Then 2 ml nicorandil (1 mg/ml)
or placebo (2 ml of 0.9% saline) was IC bolus injected into
coronary ostia. After nicorandil (or placebo) injection, PCI
was performed according to standard techniques. Another
10 ml of coronary blood was collected immediately after
stent implantation (Figs. 1 and S1).

Effect of nicorandil on markers of inflammation. There
was a significant increase in soluble CD40 ligand (sCD40L)
levels in the plasma of post-PCI compared with pre-PCI in
the control group (1.87+0.17 vs. 2.82+0.26 ng/ml, P<0.001),
but no difference in the nicorandil group in both pre- and
post-PCI (1.86+0.08 vs. 1.90+0.09 ng/ml, P=0.12) (Fig. 2A).
Compared with post-PCI in the control group, there was a
significant reduction in sSCD40L levels in the nicorandil group
(P=0.001) (data not shown). The amount of change (A value)
for sCD40L was significantly increased in the control group
with no difference in the nicorandil group (0.04+0.04 vs.
0.95+0.23 ng/ml, P<0.001; Fig. 2A). No significant change
was found in pre- and post-PCI levels of TNFa in the
nicorandil group (5.90+0.84 vs. 5.3+2.73 pg/ml, P=0.43)
and control group (6.13+0.58 vs. 7.08+0.95 pg/ml, P=0.29)
(Fig. 2B). In comparison, there was no difference between
pre-PCI and post-PCI in levels of IC plasma hs-CRP in the
nicorandil group (5.16£1.05 vs. 6.13+1.13 mg/ml, P=0.054)
and in the control group (5.98+1.01 vs. 6.64+1.12 mg/ml,
P=0.458) (Fig. 2C). The A value of both TNFa (-0.60+0.75
vs. 0.95+£0.84 pg/ml, P=0.405) and hs-CRP (0.98+0.49 vs.
0.66+0.88 mg/ml, P=0.246) remained statistically unchanged
(Fig. 2B and C). Thus, the inflammatory sCD40L marker was
significantly improved during PCI due to the intracoronary
bolus injection of nicorandil.

Effect of nicorandil on indicators of oxidative stress. SOD
and MDA indicators were measured to investigate the effect
of nicorandil on oxidative stress. SOD was significantly
increased in the plasma of post-PCI compared with pre-PCI in
nicorandil group (29.37+0.81 vs. 31.03+0.60 U/ml, P<0.001),
and no difference was observed between time-points in the
control group (29.29+0.68 vs. 29.58+0.73 U/ml, P=0.519)
(Fig. 3A). Additionally, MDA was significantly increased in
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Table I. Patients and characteristics of the lesion.

Groups

Characteristics Nicorandil (n=32) Placebo (n=33) P-value
Age, in years 60.0+10.0 61.849.7 0.466
Male, n (%) 21 (65.6) 21 (63.6) 0.869
BMI, kg/m? 26.7+4.1 26.0+3.3 0.459
Cardiovascular risk factors, n (%)

Hypertension 23 (71.9) 22 (66.7) 0.655

Diabetes mellitus 8 (25) 11 (344) 0.468

Hyperlipidemia 12 (37.5) 13(394) 0.878

Smoking 16 (50) 15 (45.5) 0.719
Cr, ymol-/1 72.91+11.63 69.94+17.75 0.430
BUN, mg/dl 5.22+1.88 8.89+15.93 0.198
Previous MI, n (%) 309 309 0.968

Number of vessels occluded 1.33+0.58 1.33+0.58 1.000
EF, % 62.8+6.4 60.1+8.7 0.157
Clinical diagnosis, n (%)

MI 5(15.6) 309.1) 0431

UA 28 (84.4) 30 (90.9) 0431
Quantitative coronary angiography

Percent diameter stenosis, % 89.3+7.1 87.0£7.5 0.236
Vessel undergoing PCI, n

Left anterior descending artery 21 19 0.681

Left circumflex artery 3 4 0.726

Right coronary artery 8 10 0.468
Vessel diameter, mm 23.06+7.52 26.79+9 .04 0.07
Therapy, %

Aspirin 100 100 1.000

Clopidogrel 90.9 93.8 0.378

ACEI 93.75 93.94 0.975

ARB 6.25 6.06 0.975

[-blocker 100 100 1.00

Statin 100 100 1.00

Glycoprotein IIb/II1a inhibitor 9.1 6.2 0.623

Data are expressed as mean + SD, n (%), or median (interquartile range). BMI, body mass index; Cr, creatinine; BUN, blood urea nitrogen;
MI, myocardial infarction; EF, ejection fraction; UA, unstable angina; ACEI, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor
blocker; PCI, percutaneous coronary intervention. The t-test or ? test was used to assess the significance of the differences between the two groups.

plasma of post-PCI compared to pre-PCI in the nicorandil
group (3.84+0.10 vs. 4.230+0.13 mmol/ml, P=0.001), and no
difference was observed between time-points in the control
group (3.78+0.11 vs. 3.85+0.13 mmol/ml, P=0.402) (Fig. 3B).
Surprisingly, the ratio of SOD and MDA was unchanged in
four time-point subgroups of both the nicorandil (7.84+0.33
vs. 7.58+0.30, P=0.241) and control (7.92+0.27 vs. 7.95+0.35,
P=0.888) group (Fig. 3C). There also was no difference in
the A value of SOD (1.28+0.39 vs. 0.29+0.45 U/ml, P=0.328)
in the control vs. nicorandil group, but a significant increase
in levels of MDA (-0.70+£0.26 vs. 0.07+0.08 mmol/ml,
P<0.001) in the control group compared with the nicorandil
group (Fig. 3A and B).

These results indicated that nicorandil may relieve oxida-
tive stress via increased levels of SOD, but the levels of MDA
were also subsequently increased. The possible change in ratio
between SOD and MDA during PCI may be based on opera-
tional injury and the delayed reaction of the plasma levels to
oxidative stress indicators.

Effect of nicorandil on angiokinetic factors. To further explore
the effects of bolus injection of nicorandil during PCI, we
also measured two different functional angiokinetic factors,
ICAM-1 and sVCAM-1 post-PCI compared with pre-PCI. The
results showed no significant differences in ICAM-1 in the
nicorandil group (64.79+3.63 vs. 63.80+5.85 ng/ml, P=0.827).
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Coronary Finecross Finecross
angiography micro-catheter PTCA micro-catheter End of PCI
Collect coronary IC bolus injection Collect coronary
blood before PCI of nicorandil and blood after PCI
nitroglycerin
Coronary Finecross Finecross
angiography micro-catheter PTCA micro-catheter End of PCI

Collect coronary
blood before PCI

IC bolus injection
of 0.9% saline and

nitroglycerin

Collect coronary
blood after PCI

Figure 1. Outline of the study procedures. Patients with UA or STEMI underwent PCI performed according to the standard techniques and using 1 of 2 strategies:
i) PCI with nicorandil IC bolus injection before PTCA or ii) PCI followed by the same volume of 0.9% saline IC bolus injection before PTCA. PCI, percutaneous
coronary intervention; PTCA, percutaneous transluminal coronary angioplasty; UA, unstable angina; STEMI, ST-elevated myocardial infarction.

A kK
4 _ [y
4 ®eoeo
* Kk
~
_ 34 _ L
£ S °
) S 27
< < ®. e
J 2 d ——
<
a 3 H Tt
9 O 04
14 3 M eeo®
-=- Control groups  -e- Nicorandil group °
0 T T 1 2=
pre-PCl post-PCl Control group Nicorandil group
B 91 201
83 _ 10- Cee
E E
S 71 E eolo0®
5] 5 04
L o6 £
= = ®o00°®
< 10+
5 -
: . L L]
-= Control groups -e- Nicorandil group
4 T T 1 —20-
pre-PCl post-PCI Control group Nicorandil group
C 1o- 15+
84
E €
g 61 g
3 =
O 44 Q
2 2
S
2-
0 -=- Control groups - Nicorandil group

T T
pre-PCl post-PCI

Control group

Nicorandil group

Figure 2. Dynamics of the inflammatory response pre-PCI and post-PCI, and the difference in values between the two subgroups in the nicorandil and control
groups. (A) Levels of sCD40L before and after PCI in the groups and subgroups, and A values of sSCD40L of post-PCI compared with pre-PCI in the two
groups. (B) Levels of TNFa before and after PCI in the groups and subgroups, and A values of TNFa of post-PCI compared with pre-PCI in the two groups.
(C) Levels of hs-CRP before and after PCI in the groups and subgroups, and different values of hs-CRP of post-PCI compared with pre-PCI in two groups.

Values are expressed as mean + SD; A values are expressed as mean + SD; “P<0.01,

ok

CDA40 ligand; TNFa, tumor necrosis factor a; hs-CRP, high-sensitivity C-reactive protein.

P<0.001. PCI, percutaneous coronary intervention; SCD40L, soluble



142

A 34-
* k%
32 4 ~
E
S
o 304
o
]
28 1
-= Control group -o- Nicorandil group
26 T T 1
pre-PCI post-PCI
B 5.0 1
* %
4.5 1 —
E
© 4.0 4
g 0
| =
g
S 354
3.0 - Control group  -*= Nicorandil group
. ] ]
pre-PCI post-PCI
C 101
8
S 6-
P
0
® 47
2 -
0 -

pre-PCl

XU et al: NICORANDIL ALLEVIATES INFLAMMATION AND OXIDATIVE STRESS AFTER CORONARY STENT

E
=}
e
e}
9}
<
o)
-10-
Control group Nicorandil group
*kk
2 - r l.
]
[}
04 o ]
o
E -2 b, L
g []
g 4
S 64
=
< " -
—10

Control group Nicorandil group

[ Control group
[ Nicorandil group

post-PCI

Figure 3. Dynamics of the oxidative stress in pre-PCI and post-PCI subgroups, and the difference in values between the two subgroups in the nicorandil and
control groups. (A) Levels of SOD before and after PCI in the groups and subgroups, and A values of SOD of post-PCI compared with pre-PCI in the two
groups. (B) Levels of MDA before and after PCI in the groups and subgroups, and A values of MDA of post-PCI compared with pre-PCI in the two groups.
(C) Ratio of SOD and MDA in the subgroups and nicorandil and control groups. Values are expressed as mean + SD; A values are expressed as mean + SD;
“P<0.01, “"P<0.001. PCI, percutaneous coronary intervention; MDA, malondialdehyde; SOD, superoxide dismutase.

However, levels of ICAM-1 in the control group were increased
after PCI (66.30+4.17 vs. 75.24+5.46 ng/ml, P=0.002)
(Fig. 4A). There was also no change in levels of sVCAM-1 in
the nicorandil group (4.85+0.61 vs. 5.48+0.61 ug/ml, P=0.175)
compared to placebo group (5.13+0.46 vs. 5.46+0.58 pg/ml,
P=0.255) (Fig. 4B). The A values both for ICAM-1 (-0.99+6.12
vs. 8.94+4.10 ng/ml, P=0.285) and sVCAM-1 (-0.63+0.46 vs.
-0.33+0.28 ug/ml, P=0.927) also showed no difference between
the two groups (Fig. 4A and B). Nicorandil may improve the
angiokinetic factor of ICAM-1 to hinder any inflammatory
reaction during PCI in ACS patients.

Discussion

The present study presents for the first time the effects of intra-
coronary (IC) bolus injection of nicorandil or placebo on markers
of inflammation and oxidative stress in patients with acute
coronary syndrome (ACS) undergoing percutaneous coronary

interventions (PCIs). In this randomized, single-blinded and
placebo-controlled study, it was confirmed in a brief period
that percutaneous transluminal coronary angioplasty (PTCA)
results in the upregulation of inflammation and oxidative stress.
Coronary blood, which has a greater impact on the coronary
artery compared with the peripheral blood, was used to
evaluate serum as well as plasma levels of inflammatory and
oxidative markers to precisely investigate temporal changes
during PCI. It was also demonstrated that an IC bolus injec-
tion of nicorandil in patients with ACS is safe and significantly
reduced soluble CD40 ligand (sCD40L), superoxide dismutase
(SOD), malondialdehyde (MDA) and intercellular adhesion
molecule-1 (ICAM-1) levels after PCI. However, no changes in
other systemic inflammation markers, such as high-sensitivity
C-reactive protein (hs-CRP), tumor necrosis factor o (TNFa)
and soluble vascular cell adhesion molecule-1 (sVCAM-1) levels
were observed in the nicorandil or control groups. This finding
could possibly be due to delayed inflammatory responses.



EXPERIMENTAL AND THERAPEUTIC MEDICINE 19: 137-146, 2020

804

704

ICAM-1, ng/ml

604

-# Control group  -*- Nicorandil group

50

L] L}
pre-PCI post-PCl

6.0
5.5+

5.04

sVCAM-1, ug/ml

4.54

-# Control group  -#- Nicorandil group

4.0

1 Ll
pre-PCI post-PCl

143

1001
[ ]
= 504 ....
>
[ =
T 0
=
<
)
< i L)
-50 - [}
=
-100-
Control group Nicorandil group
104
—_ 54
= o]
(o)}
=4
s
<
®)
3
< -54 o
o
"
—10+

Control group Nicorandil group

Figure 4. Dynamics of the angiokinetic factors in pre-PCI and post-PCI subgroups, and the difference in values between the two subgroups in the nicorandil
and control groups. (A) Levels of ICAM-1 before and after PCI in the groups and subgroups, and A values of ICAM-1 of post-PCI compared with pre-PCI in
two groups. (B) Levels of sVCAM-1 before and after PCI in the groups and subgroups, and A values of sVCAM-1 of post-PCI compared with pre-PCI in the two
groups. Values are expressed as mean = SD; A values are expressed as mean = SD; "P<0.05. PCI, percutaneous coronary intervention; ICAM-1, intercellular

adhesion molecule-1; VCAM-1, vascular cell adhesion molecule-1.

PCI has become a standard revascularization procedure
and the main management option for patients with ACS.
However, PTCA induces vascular injury and wreaks damage
on the endothelium which is associated with pro-inflam-
matory responses and platelet-activating effects with
adhesion (20,21). This damage also elicits an inflammatory
response via the activation of platelets and leukocytes (22).
PClI-induced vascular injury and ischemia/reperfusion injury
was found to result from both intracellular calcium loading
due to ATP depletion and intracellular acidification (23), and
the occurrence of oxidative stress with the mitochondrial
respiratory chain as the main source of reactive oxygen
species (ROS) (24).

Nicorandil, as a hybrid nitrate and ATP-sensitive potas-
sium channel opener agent (25), has been shown not only to
dilate systemic veins, but also to exert a vaso-dilative effect on
arteries, including peripheral arteries (16). Moreover, IC bolus
injection of nicorandil is safe and efficacious for myocardial
protection, ameliorating fractional flow reserve (FFR) and
ischemia/reperfusion injury (26,27). Kawai et al found that
intravenous administration of nicorandil could prevent slow
coronary flow phenomenon compared with that of 0.9% saline
before PCI in patients with ACS or non-ACS (28). Previous
research further found that IC bolus injection of nicorandil
is safe and effective compared with IC adenosine to induce
hyperemia in patients with an angiographically intermediate
lesion (27). Lee et al compared IC bolus injection of nicorandil

with intravenous infusion of adenosine (26). Different from
previous studies, we firstly IC injected the same volume of
saline in ACS patients since no placebo effect was observed
in those studies which further increased the importance of our
study. We also collected coronary blood to perform ELISA
to evaluate the levels of inflammatory or oxidative indicators
during PCI. A previous study also showed that nicorandil
improves microvascular dysfunction as assessed by the index
of microcirculatory resistance after PCI (29).

The soluble CD40 ligand (sCD40L), as a member of the
TNF family, is expressed widely on monocytes, dendritic cells,
endothelial cells and epithelial cells (30). Activation of plate-
lets was shown to result in the release of sSCD40L, accelerating
the inflammatory process and promoting coagulation (31-34).
A previous study showed that SCD40L may be a predictor of
coronary artery disease in patients undergoing PCI (35). Thus,
we evaluated the level of SCD40L in pre-PCI and post-PCI
subgroups in the nicorandil and control groups. Its expression
level in intracoronary plasma increased after the stent implan-
tation compared with pre-PCI in the placebo group which is
consistent with other trials (35,36). The IC bolus injection of
nicorandil also improved the alleviation of sCD40L in the
post-PCI subgroup immediately as there were no significant
changes compared with the post-PCI and pre-PCI subgroup.
Our trial further confirmed that nicorandil has the ability to
improve the inflammatory reaction of sCD40L during PCI in
ACS patients.
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Other inflammation indicators, such as TNFa and
hs-CRP, had no significant differences in both nicorandil and
placebo groups and their subgroups. Although PCI led to a
platelet-activating effect with adhesion and sCD40L partici-
pates in the promotion of coagulation, the adhesion molecule
sVCAM-1 also exhibited no difference in the different groups
although ICAM-1 was clearly induced in the control group
after PCI. The reasons for this finding may be as follows.
Firstly, Astromolsson et al demonstrated that TNFa increased
during the 24 h of reperfusion (37). Hs-CRP, an acute-phase
reactant, increased markedly at 6 h after PCI and reached
a peak value at 48 h which indicates that there is a delayed
reaction of these inflammatory markers after PCI (37,38).
Consequently, the underlying improvement of inflammatory
indicators with nicorandil may not react and reflect changes
immediately after operation. Secondly, Bayata et al measured
VCAM-1 and sICAM-1 serum levels in patients before and
after stent implantation and found no difference in VCAM-1
and ICAM-1 levels (39). Similarly, Wexberg et al found
increased levels of VCAM-1 after stent implantation (40).
Thus, the differences between the above trials and our results
may be due to different sourcing of serum or plasma as our
samples came from the intracoronary blood drawn by the
micro-catheter. Another reason may be a difference in patient
ethnicity and the reactivity to PTCA. The small sample size
may also be one of the reasons for this difference.

Reactive oxygen species (ROS) are involved in physiological
cell regulation and redox signaling (41). SOD, which catalyzes
the metabolism of the superoxide anion (O,) into hydrogen
peroxide and molecular oxygen, is one of the most important
antioxidative enzymes. MDA, the major end product of lipid
peroxidation, is one of the markers indicating partial levels of
oxidative stress. The production of MDA is initiated promptly
after the generation of ROS (42). Both molecules directly
reflect the expression levels of oxygen-free radicals. Our results
showed that both SOD and MDA levels have the tendency to
rise but there were no significant differences in both subgroups
of the control group. An investigation by Ekelgf et al indicated
that SOD was reduced significantly at 2 h after PTCA (42),
which suggests that the consumption of SOD may require a
series of processes. However, a study by Demircan ef al indi-
cated that SOD was immediately reduced after PCI compared
to the pre-PCI subgroup (43). These controversial results require
further investigation due to the limited sample sizes employed.

In the present study, it was demonstrated that the SOD levels
in the post-PCI subgroup of the nicorandil group significantly
increased compared with the pre-PCI subgroup. However, the
MDA levels were also unexpectedly increased. The ratio of
SOD and MDA exhibited no significant change in the post-PCI
nicorandil group compared with the control groups. These results
showed that nicorandil reduced oxidative stress significantly as
a supplement to PCI. The over-production of free radicals at the
beginning of the ischemic phase is thought to be due to mito-
chondrial depolarization. Nicorandil reduces ROS formation by
mitochondria by opening the mitochondrial K ,p (44). Due to
its free radical scavenging properties and inhibition of oxidative
respiratory bursting of neutrophils (45),IC bolus injection of nicor-
andil could function by reducing oxidative stress. Furthermore,
nicorandil plays a role in ameliorating myocardial damage as well
as improving cardiac function and clinical outcomes.
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The inflammatory response evoked by vascular damage
during angioplasty and the subsequent reaction are thought
to be the main contributors to the development of restenosis.
Oxidative stress also contributes to clinical outcomes such as
adverse cardiac events. IC bolus injection of nicorandil before
implantation of the coronary artery stent was associated with
better suppression of various inflammatory cytokines, and
further reduced the oxidative stress in patients who suffered
from ACS undergoing PCI. However, there were no definite
clinical benefits detected in the amelioration of adhesion mole-
cules and inflammatory mediators. Our findings suggest that
IC bolus injection of nicorandil is a simple, safe, and effective
way to reduce the levels of inflammation and oxidation during
PCI which may be attributable to improved outcomes for such
ACS patients.

There were several limitations to the present study. Firstly,
the sample size of this study was small. It was necessary
to perform a power analysis before conducting the study.
However, no similar data could be found in the published
articles which made it difficult for us to assess the sample
size. Thus, we enrolled 65 patients to ensure the normality
of the data distribution. We surprisingly found significant
differences of sCD40L, SOD, MDA and ICAM-1 between the
two groups. Then, we performed the power analysis through
PASS based on our expression levels of sCD40L, SOD, MDA
and ICAM-1. We found that the value of 1-f was beyond 0.8.
Secondly, since nicorandil was only used during PCI and
only 20 of the enrolled patients took nicorandil regularly
post-discharge, no long-term observations of nicorandil was
obtained. We followed up the enrolled patients for only one
month after PCI. No difference in complications and mortality
was found in the two groups after one month. After surgery,
the patients recovered well after regular intake of the standard
medicine. Finally, according to the new guidelines of ECS
for ACS patients, ticagrelor is recommended for Class TA.
However, ticagrelor is recommended for Class IB in China at
present. According to the 2016 Ticagrelor Expert Consensus
in China (46), ticagrelor should be used as early as possible
in NSTE-ACS patients who have a moderate or high risk of
ischemia and plan for early invasive treatment. We previously
used clopidogrel more often during our experimental period
according to our previous guidelines. More than 50% patients
now use ticagrelor instead of clopidogrel at present. We
still need to consider our clinical practice, Chinese national
conditions, individual differences and implement specific
antithrombotic strategies to choose the antiplatelet drugs. We
will also follow up the patients taking nicorandil after PCI for
a longer period to explore its long-term effect when we carry
out a larger sample study in future studies.

In conclusion, our trial showed that IC bolus injection of
nicorandil as part of therapy for patients with ACS undergoing
PCI reduced soluble CD40 ligand levels, increased MDA
and SOD levels, and decreased ICAM-1. However, none of
the other subclinical markers of inflammation were altered
after the injection of nicorandil and PCI surgery. These find-
ings within the context of this clinical trial suggest a solitary
anti-oxidative and anti-inflammatory effect of nicorandil. A
larger sample size and a longer treatment period with nicor-
andil are needed for further investigation of the underlying
and long-term beneficial effects of this therapy.
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The prospective, randomized design and use of coronary
angiography to diagnose ACS patients are the strengths of
this study. The percutaneous transluminal coronary angio-
plasty (PTCA) showed that a residual stenosis diameter =75%
of the coronary artery combined with clinical symptoms are
the gold standard for identifying ACS patients.

Coronary blood was used to test serum or plasma levels of
inflammatory and oxidative markers, which was a better measure
of the coronary artery compared with peripheral blood as it
precisely reflected the effect on markers after stent deployment.

The limitations of this study included a limited sample size
of 65 subjects, inflammatory or oxidative indicators influenced
by PTCA and limited time period for extraction of coronary
blood during PCA and stent deployment.
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