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Abstract: Oxidative stress and lipid peroxidation play important roles in the development of unstable angina (UA). 
Probucol reduces inflammation and oxidative stress. The aim of this study was to evaluate the effects of probucol 
on levels of 8-iso-prostaglandin F2alpha (8-iso-PGF2α) and matrix metalloproteinase (MMP)-9 in patients with UA 
that underwent percutaneous coronary intervention (PCI). This was a single-center prospective cohort study of 
consecutive adult patients with UA that underwent PCI between March 2016 and July 2016 at the Yidu Central 
Hospital of Weifang (China). Control patients received conventional medication (aspirin, clopidogrel, rosuvastatin, 
and isosorbide mononitrate). In addition to conventional therapy, patients in the probucol group took oral probucol 
(250 mg bid) for 3 months. Levels of 8-iso-PGF2α and MMP-9 were measured the day after PCI and after 3 months. 
Major adverse cardiac events (MACE) were evaluated during follow-ups (mean of 14 months). Eighty-three patients 
were enrolled: 40 controls and 43 treated with probucol. Levels of MMP-9 of control and probucol groups were de-
creased by 14.0% and 47.9%, respectively, at 3 months after PCI (P=0.003). Levels of 8-iso-PGF2α of control and 
probucol groups were decreased by 13.1% and 49.8%, respectively, at 3 months after PCI (P=0.001). One patient in 
the control group underwent a coronary angiography for angina pectoris recurrence. There was no acute myocardial 
infarction or death events in either group during follow-ups. Probucol with rosuvastatin may significantly decrease 
8-iso-PGF2α and MMP-9 in patients with UA after PCI.
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Introduction 

Unstable angina (UA) is one of the common 
types of coronary heart disease, with a propen-
sity to progress to acute myocardial infarction 
or sudden cardiac death [1-4]. Atherosclerosis 
is a complex process involving oxidative stress, 
lipid peroxidation, and inflammation [5-8]. Iso- 
prostanes are derivatives of arachidonic acid 
oxidized by reactive oxygen species (ROS). 
8-iso-PGF2α is a stable isoprostane and reli-
able marker of oxidative stress in vivo [9]. In 
addition, 8-iso-PGF2α has been shown to be a 
sensitive and independent risk marker of coro-
nary heart disease [10]. Matrix metalloprotein-
ase (MMP)-9 is involved in the degradation of 
the fibrous cap of atherosclerotic lesions. 
MMP-9 levels have been directly associated 
with plaque scores and instability [11]. Mono- 

cyte chemoattractant protein (MCP)-1 has been 
associated with intima-media thickness (IMT), 
but not with plaque scores or stability. MMP-9 
and MCP-1 may be useful biomarkers in distin-
guishing stable and unstable plaques and pre-
dicting future cardiovascular events [12].

Percutaneous coronary intervention (PCI) is 
recommended for class I patients with UA with 
severe stenosis [3]. However, PCI itself elicits a 
systemic inflammatory response that can be 
measured in the plasma by inflammatory mark-
ers C-reactive protein (CRP), interleukin (IL)-6, 
and serum amyloid A [13, 14]. Release of in- 
flammatory factors after PCI can lead to vulner-
able plaque instability and plaque rupture, re- 
sulting in adverse cardiovascular events caused 
by restenosis, stent thrombosis, and endotheli-
al dysfunction [15].

http://www.ijcem.com


Probucol on 8-iso-PGF2α and MMP-9 after PCI

12540 Int J Clin Exp Med 2018;11(11):12539-12546

was approved by the Human 
Research Ethics Review Com- 
mittee. Informed consent was 
obtained just after the suc-
cessful procedure, upon suc-
cessful revascularization with-
out intraoperative death. 

Two experienced cardiologi- 
sts, blinded to clinical and 
treatment characteristics of 
the patients, assessed the 

Table 1. Baseline characteristics of the study population (n=83)

Variables Control 
group (n=40)

Probucol 
group (n=43) P

Age in years (mean ± SD) 64.2±11.8 65.7±9.9 0.518
Male, n (%) 26 (65) 29 (67.4) 0.890
Current smoker, n (%) 19 (47.5) 20 (46.5) 0.493
Diabetes, n (%) 13 (32.5) 16 (37.2) 0.882
Hypertension, n (%) 23 (57.5) 21 (48.8) 0.671
Total cholesterol >5.7 mmol/L, n (%) 6 (15) 7 (16.3) 0.947

Probucol is a synthetic antioxidant, first used as 
a lipid-lowering drug because it can significant-
ly reduce total cholesterol (TC) and low-density 
lipoprotein cholesterol (LDL-C) [16-19]. Probu- 
col has also been used to treat atherosclerosis 
[20]. Probucol alleviates atherosclerosis by 
improving HDL function by accelerating the  
process of reverse cholesterol transport and 
increasing HDL-associated paraoxonase activi-
ty, thereby improving anti-inflammatory and 
anti-oxidant function [19, 21]. Probucol can 
decrease plaque areas through decreasing 
inflammation and oxidative stress [5, 6]. Meng 
et al. [22] reported that probucol significantly 
inhibits the generation of ox-LDL and MMP-9. 
PAS (probucol, aspirin, and atorvastatin) thera-
py reduces plaque thickness and decreases 
the rate of adverse events in patients with ath-
erosclerosis [22]. Probucol has also been used 
in patients that underwent PCI to reduce oxida-
tive stress, incidence of restenosis, and major 
coronary events after PCI [17, 18, 23, 24].

Data are lacking concerning the effects of pro-
bucol on markers of oxidative stress (8-iso-
PGF2α) and plaque stability (MMP-9) in patients 
with UA after PCI. Therefore, the aim of this 
study was to measure MMP-9 and 8-iso-PGF2α 
levels in patients with UA that underwent PCI 
and were treated with probucol and rosuvas-
tatin for 3 months. Patients of the control group 
were treated with conventional drugs (aspirin, 
clopidogrel, rosuvastatin, and isosorbide). 

Materials and methods

Study design and patients

This was a single-center prospective cohort 
study of consecutive adult patients with UA that 
underwent PCI, between March 2016 and July 
2016, at the Department of Cardiology of Yidu 
Central Hospital of Weifang (China). The study 

extent of coronary artery disease and morphol-
ogy of all coronary artery stenoses. A significant 
lesion was defined as ≥75% stenosis of the 
arterial luminal diameter on coronary angiogra-
phy, according to the ACC/AHA lesion classifica-
tion scheme (A, B1, B2, or C) [25]. 

Procedural success was defined as a mini- 
mum diameter stenosis of <10% and final 
thrombolysis in myocardial infarction (TIMI) 
flow grade 3, without occlusion of a significant 
side branch, flow-limiting dissection, distal 
embolization, or angiographic thrombus. 

Patient exclusion criteria were: 1) >80 years of 
age; 2) Pregnant women; 3) Liver or kidney dys-
function; 4) Acute myocardial infarction; 5) Bo- 
dy temperature ≥38.0°C before or during pro-
cedure; 6) Inflammatory diseases (infections  
or autoimmune diseases); 7) Malignancies; 8) 
Recent major surgery; 9) History of PCI or co- 
ronary artery bypass grafting (CABG); or 10) 
History of statin or antioxidant medication in 
the previous month. 

Treatment

Patients in the control group were treated with 
oral conventional drugs (lifelong aspirin, 100 
mg qd; clopidogrel, 75 mg qd for at least one 
year; lifelong rosuvastatin, 10 mg qn; and iso-
sorbide mononitrate, 20 mg bid at the time  
of hospitalization). In addition to convention- 
al therapy, patients in the probucol group  
took oral probucol (Jingfukang Pharmaceutical 
Group Co., Ltd., Chengde, China; 250 mg bid) 
beginning the next day after PCI, for 3 months. 
Patients were required to avoid other antioxi-
dants during this period. 

Blood sampling and enzyme immunoassay

Fasting venous blood samples were collected 
the next day and 3 months after PCI. Blood 
samples were centrifuged at 3000 rpm for 15 
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ment. The secondary outcome 
was occurrence of MACE during 
follow-ups.

Statistical analysis

Continuous data are presented 
as mean ± SD (normal distribu-
tion) or median (range) (non-nor-
mal distribution). Categorical data 
are presented as counts and pro-
portions (percentages). The nor-
mality of distribution of continu-
ous variables was tested using 
Kolmogorov-Smirnov test. Diffe- 
rences in means were assessed 
using independent t-test (inter-
group analysis) or paired-samples 
t-test (intra-group analysis). Cate- 
gorical data were analyzed using 
Chi-square test. Significance is 
set at two-sided P<0.05 in all 

minutes at 4°C. Plasma was collected and 
immediately stored at -80°C. MMP-9 and 8-iso-
PGF2α levels were measured by enzyme-linked 
immunosorbent assay (ELISA) kits (TSZ ELI- 
SA, Waltham, MA, USA). Effective range was 
18-1220 µg/L for MMP-9 and 30-2200 pg/mL 
for 8-iso-PGF2α, according to Enzyme Analyzer 
ELISA 400 (Yantai Aidekang Biotechnology Co., 
China). Routine blood tests were performed, 
including blood routine, liver function, kidney 
function, blood glucose, blood lipids, troponin 
T, and coagulation. Laboratory measurements 
were performed using standard methods. 

Follow-ups

All baseline, clinical, and in-hospital data were 
obtained, prospectively. Follow-up data were 
obtained from outpatient clinic visits or tele-
phone calls once a month. Mean follow-up time 
was 14 months (range, 12-16 months). Follow-
ups included asking patients if they had any 
discomfort, reviewing liver and kidney function, 
blood lipid analysis, and electrocardiograms, 
and 24-hour dynamic electrocardiograms, if ne- 
cessary. Major adverse cardiac events (MACE) 
were defined as death, non-fatal acute myocar-
dial infarction (MI), and target vessel revascu-
larization (TVR). Regular follow-ups also helped 
ensure patient compliance.

Outcomes

Primary outcomes were changes in MMP-9 and 
8-iso-PGF2α levels after 3 months of treat-

tests. Analyses were carried out using SPSS 18 
for Windows (IBM, Armonk, NY, USA) by a data 
analyst blinded to grouping. 

Results

Characteristics of patients 

Ninety-five patients were screened for eligibility 
and 83 patients were enrolled: 40 in the control 
group and 43 in probucol group. Baseline clini-
cal characteristics of enrolled patients are list-
ed in Table 1. The age range of the control 
group was 35-79 years, with males accounted 
for 65.0%. The age range of the probucol group 
was 43-78 years, with males accounted for 
67.4%. There were no significant differences 
between the two groups in age, sex, smoking, 
and main risk factors of coronary heart disease 
(diabetes, hypertension, and hyperlipidemia) 
(all P>0.05).

Procedural features of the patients are listed in 
Table 2. All patients received at least one drug-
eluting stent. There were no significant differ-
ences between the two groups (all P>0.05).

MMP-9 and 8-iso-PGF2α levels

MMP-9 and 8-iso-PGF2α levels are shown in 
Figure 1. Levels of MMP-9 of control and probu-
col groups were decreased by 14.0% (from 
416±256 to 358±265 µg/L) and 47.9% (from 
405±219 to 211±145 µg/L), respectively, at 3 

Table 2. Procedural features in the control and probucol group 
(n=83)

Variables Control 
group (n=40)

Probucol 
group (n=43) P

Vessel treated 
    Left main 0 1 (1.9%) 0.963
    Left anterior descending 24 (47.1%) 24 (46.2%) 0.781
    Left circumflex 12 (23.5%) 10 (19.2%) 0.925
    Right coronary artery 15 (29.4%) 17 (32.7%) 0.844
Lesion type B2/C 29 (72.5%) 32 (74.4%) 0.924
Multivessel intervention 11 (27.5%) 9 (20.9%) 0.931
Bifurcations with kissing balloon 1 (2.5%) 0 0.963
Number of stents per patients 1.6 1.6 0.796
Stent diameter (mm) 3.1±0.5 3.2±0.6 0.226
Total stent length (mm) 21.9±6.9 20.6±6.1 0.254
Use of drug-eluting stents 40 (100%) 43 (100%) 0.964
Stent deployment pressure 12.9±1.1 13.3±1.1 0.111
Use of post-dilatation 7 (17.5%) 8 (18.6%) 0.943
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Figure 1. MMP-9 (A) and 8-iso-PGF2α (B) levels of 
control and probucol groups. *P<0.05; **P<0.01; 
***P<0.001 by the t-tests. Error bars indicate 95% 
CI.

months after PCI (P=0.003). Levels of 8-iso-
PGF2α of control and probucol groups were 
decreased by 13.1% (from 669±454 to 582 
±428 pg/mL) and 49.8% (from 637±477 to 
320±200 pg/mL), respectively, at 3 months 
after PCI (P=0.001). Compared to the control 
group, both MMP-9 (difference, 95% CI: -147, 
[-240, -55] µg/L, P=0.002) and 8-iso-PGF2α 
(difference, 95% CI: -262, [-406, -118] pg/mL, 
P=0.001) levels in the probucol group were 
lower at 3 months after PCI.

Blood lipids 

Blood lipids are presented in Table 3. There 
were significant decreases in TC (P<0.001) and 
LDL-C (P≤0.001) 3 months after PCI in the two 
groups. HDL-C was decreased in the probucol 
group after 3 months of therapy (P<0.001). 

Adverse effects

Three patients in the probucol group felt gas- 
trointestinal discomfort for 3-5 days, but with-
out influencing treatment. No other adverse 
effects, such as headache, dizziness, pares-
thesia, tinnitus, insomnia, skin rash, and skin 

itching, were observed. No electrocardiogram 
Q-T prolongation, ventricular tachycardia, thro- 
mbocytopenia, or abnormal liver or kidney func-
tion were found in the two groups. 

Major adverse cardiac events during follow-up

No patients were lost to follow-up. One patient 
in the control group underwent a coronary angi-
ography for angina pectoris recurrence. Addi- 
tionally, 90% restenosis was determined and 
another drug-eluting stent was placed four 
months after the first operation. There were no 
acute myocardial infarction and death events in 
either groups during follow-up (P=0.963).

Discussion 

Oxidative stress and lipid peroxidation play 
important roles in the development of UA [5-8]. 
Probucol reduces inflammation and oxidative 
stress [16-19]. This study evaluated the effe- 
cts of probucol on levels of 8-iso-PGF2α and 
MMP-9 in patients with UA after PCI. Results 
showed that, compared to the control group, 
8-iso-PGF2α and MMP-9 levels of the probucol 
group were decreased more significantly (47.9% 
vs. 14.0% and 49.8% vs. 13.1%) after 3 months 
of treatment. There were significant decreases 
of TC and LDL-C after 3 months of therapy in 
the two groups. HDL-C levels were decreased in 
the probucol group after 3 months. There were 
no differences in occurrence of MACE in the 
two groups during follow-up.

The pathogenesis of UA is complex [5-8], gener-
ally considered to involve ruptures, erosion, or 
hemorrhaging of vulnerable plaque, thrombo-
sis, coronary stenosis, spasms, and embo-
lisms, eventually leading to acute or subacute 
decreases of myocardial oxygen supply. During 
PCI treatment, a large number of inflammatory 
cytokines are released from the coronary ath-
erosclerotic plaque due to the direct mechani-
cal effects applied on the atherosclerotic 
plaque by balloon inflation and stent deploy-
ment [13, 14]. The important roles of inflamma-
tion in in-stent restenosis are well understood 
[15]. From animal models and clinical studies, 
it is known that endothelial injuries, platelet 
and leukocyte interactions, and subcellular 
chemoattractant and inflammatory mediators 
are pivotal in the development of inflammatory 
responses following stent implantation [26]. 
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jects [31]. Results of 
the present study sho- 
wed that the decrease 
of 8-iso-PGF2α levels 
was more important af- 
ter probucol combined 
with rosuvastatin, com-
pared to rosuvastatin 
alone.

A previous animal ex- 
periment [32] showed 
that probucol could in- 
hibit macrophage infil-

Inflammation is essential for initiation and pro-
gression of vascular remodeling, entailing deg-
radation and reorganization of the extra-cellu-
lar matrix (ECM) scaffold of the vessel wall, 
leading to the development of atherosclerotic 
lesions [5-8]. MMPs are zinc-dependent endo-
peptidases found in most living organisms,  
acting mainly by degrading ECM components 
[27]. MMP-9 is secreted by monocytes, macro-
phages, endothelial cells, vascular smooth 
muscle cells, and fibroblasts [27]. MMP-9 is 
involved in ECM degradation, thereby thinning 
the plaque fibrous cap [28]. Fiotti et al. [29] 
showed that MMP-9 expression was signifi-
cantly higher in patients with acute coronary 
syndrome, compared with patients with stable 
angina, after PCI treatment, while high expres-
sion of MMP-9 suggests plaque instability and 
higher risk for adverse cardiovascular events. 
Therefore, reducing MMP-9 expression could 
lead to more stable plaque, potentially reduc-
ing the risk of major adverse cardiac events 
after PCI. In the present study, results showed 
that the decrease of MMP-9 levels was more 
important after probucol combined with rosuv-
astatin compared to rosuvastatin alone. These 
results are supported by a study in cultured 
cells and apoE knockout mice [6].

Oxidation of lipids, proteins, and nucleic acids 
is involved in the pathogenesis of many diseas-
es, including atherosclerosis [5-8]. Since circu-
lating 8-iso-PGF2α levels predominantly reflect 
the production of 8-iso-PGF2α rather than its 
metabolism and excretion, it can be used as a 
reliable indicator of oxidative stress in vivo [9], 
supporting its use as a risk marker for CVD 
[30]. 8-iso-PGF2α levels are significantly higher 
in patients with UA, compared with matched 
patients with stable angina and control sub-

tration and expression of MMP-9 in plaque, 
thereby reducing coronary artery stenosis and 
increasing plaque stability. Li et al. [33] sug-
gested that probucol may attenuate the 
enlargement of atherosclerotic vessel walls 
and may be associated with a negative remod-
eling pattern, without affecting lumen size. This 
effect of probucol may involve inhibition of ECM 
degradation and prevention of apoptosis in ath-
erosclerotic plaques. A randomized controlled 
trial showed that probucol can significantly 
decrease ox-LDL-C levels and inhibit expression 
of MMP-9 in patients with coronary heart dis-
ease [22]. A meta-analysis showed that probu-
col reduced restenosis after PCI [18], support-
ing the concept of decreased inflammation, 
oxidative stress, and plaque remodeling.

Reduction of LDL-C levels has been associated 
with slowed atherosclerosis progression and 
decreased restenosis after stenting [34]. The 
present study showed that, in both groups, TC 
and LDL-C levels were significantly decreased 
after 3 months of therapy compared with base-
line. The decrease of TC and LDL-C in the probu-
col group was more obvious than in the control 
group. Results suggested that probucol com-
bined with rosuvastatin could more significant-
ly reduce levels of TC and LDL-C, compared with 
rosuvastatin alone, probably leading to better 
long-term outcomes. Longer follow-ups will be 
necessary to examine this point thoroughly.

Kasai et al. [17] collected data from 1,694 con-
secutive patients that underwent complete 
revascularization (PCI and/or bypass surgery). 
Mortality was compared between patients that 
received probucol and those that did not. 
Probucol was associated with significantly 
reduced risk of all-cause mortality. A meta-

Table 3. Blood lipids analysis (before PCI and 3 months after PCI)

Group Blood lipids Before PCI
Median (range)

3 months after PCI
Median (range) P

Control (n=40) TG (mmol/L) 1.30 (0.64-3.99) 1.38 (0.65-3.79) 0.090
TC (mmol/L) 4.11 (2.33-8.32) 3.01 (2.31-4.76) <0.001

HDL-C (mmol/L) 1.15 (0.61-1.58) 1.06 (0.57-1.82) 0.440
LDL-C (mmol/L) 2.03 (1.14-4.27) 1.52 (0.72-3.14) 0.001

Probucol (n=43) TG (mmol/L) 1.27 (0.40-3.64) 0.85 (0.38-3.15) 0.217
TC (mmol/L) 4.18 (2.71-6.68) 2.53 (1.63-4.61) <0.001

HDL-C (mmol/L) 1.20 (0.85-1.55) 0.97 (0.46-1.42) <0.001
LDL-C (mmol/L) 2.16 (1.25-4.02) 1.30 (0.76-3.57) <0.001
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analysis by Liu et al. [18] showed that probucol 
is more than a lipid-lowering drug, also effec-
tive in reducing the risk of restenosis and inci-
dence of MACE after PCI. In the present study, 
no differences in MACE were observed between 
the two groups. This could be due to the limita-
tions of the study, including the small sample 
size and short follow-up. In addition, patients 
with MI and those with a prior history of PCI or 
CABG were excluded, reducing the overall risk 
of MACE in enrolled patients. Furthermore, fol-
low-up angiographies were not performed for 
some patients, at their discretion. Additional 
studies are necessary to improve the generaliz-
ability of present results.

Probucol with rosuvastatin may significantly 
decrease 8-iso-PGF2α and MMP-9 in patients 
with UA after PCI. 
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