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Objective: To study the effect of probucol + aspirin + atorvastatin (PAS) triple therapy on
nerve injury, oxidative stress and inflammatory response in patients with cerebral infarction.
Methods: Patients with acute cerebral infarction who were treated in Affiliated Hospital of
Jianghan University between February 2015 and January 2015 were selected and randomly
divided into the PAS group who received probucol + aspirin + atorvastatin triple therapy and
the control group who received aspirin + atorvastatin double therapy. The markers of nerve
injury, oxidative stress and inflammatory response were determined before treatment and 15 d
after treatment. Results: 15 d after treatment, peripheral blood Keap-1 expression and serum
GPX1 contents of both groups of patients were significantly higher than those before treatment
while peripheral blood Nrf-2 and ARE expression as well as serum S100B, NSE, sTRAIL,
FKN, HMGB-1, sICAM-1, Chemerin and 8-iso-PGF2α contents were significantly lower
than those before treatment, and peripheral blood Keap-1 expression and serum GPX1 content
of PAS group were significantly higher than those of control group while peripheral blood
Nrf-2 and ARE expression as well as serum S100B, NSE, sTRAIL, FKN, HMGB-1, sICAM-1,
Chemerin and 8-iso-PGF2α contents were significantly lower than those of control group.
Conclusion: PAS triple therapy can reduce the nerve injury as well as oxidative stress response
and inflammatory response in patients with cerebral infarction.
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1. Introduction
Acute cerebral infarction is a common clinical cerebrovascular
disease with rising morbidity as well as high disability rate and
mortality rate. Carotid plaque is an independent risk factor for
cerebral infarction, and the unstable plaque rupture, platelet
activation as well as thrombus formation and falling off are
important mechanisms of acute cerebral infarction[1,2]. In clinical
practice, stabilizing plaques and inhibiting platelet activation
on the basis of neurotrophy and protection drug therapy helps
prevent the further expansion of infarction scope and reduce the
ischemia hypoxia of brain tissue[3]. Aspirin and atorvastatin are
the common drugs for antiplatelet and stabilizing atheromatous
plaques respectively, and they have been widely used for the clinical

treatment of cerebral infarction[4]. Probucol is a new type of lipidlowering drug, which not only has the effects of regulating blood
lipid metabolism and stabilizing atheromatous plaque, but can also
inhibit the oxidative stress and inflammation damage to the brain
tissue in the process of ischemia hypoxia[5]. The PAS triple therapy
of probucol + aspirin + atorvastatin has been gradually used in the
treatment of cerebral infarction, but there is no report about the
changes of oxidative stress and inflammatory response after triple
therapy. The effect of PAS triple therapy on nerve injury, oxidative
stress and inflammatory response in patients with cerebral infarction
was analyzed in the following study.

2. Research subject information and research methods
2.1 Clinical information of research subjects



Corresponding author: Li-Jun Deng, Neurology Department, Affiliated Hospital of
Jianghan University in Hubei Province, Wuhan City, Hubei Province, 430015.
Fund Project: Scientific Research Project of Health and Family Planning
Commission of Wuhan Municipality No: WG16D02.

Patients with acute cerebral infarction who were treated in
Affiliated Hospital of Jianghan University between February 2015

119

Li-Jun Deng et al./ Journal of Hainan Medical University 2017; 23(20): 118-121

and January 2015 were selected, all patients were diagnosed with
cerebral infarction by cranial imaging examination, and the patients
with autoimmune diseases and malignant tumors and the patients
with history of infection and lipid-lowering drug taking within the
past 4 weeks were excluded. A total of 116 patients were enrolled in
the study, and random number table was used to divide the patients
into two groups, each with 58 cases. PAS group included 32 male
cases and 26 female cases that were 42-63 years old; control group
included 34 male cases and 24 female cases that were 41-65 years
old. There was no statistically significant difference in general
information between the two groups (P>0.05).

2.2 Therapy
Both groups of patients received nutritional support,
neuroprotection, anti-free radical and other conventional treatments,
patients with history of hypertension received antihypertensive drugs,
and patients with history of diabetes received insulin to control blood
sugar. Control group received aspirin + atorvastatin treatment on this
basis, and the method was as follows: Aspirin Enteric-coated Tablets
100 mg, taken orally, 1/d as well as atorvastatin calcium tablet 20
mg, taken orally, 1/d; PAS group received probucol + aspirin +
atorvastatin therapy on the basis, and the methods were as follows:
probucol tablets 0.25 g, taken orally, 2 times/d, and same Aspirin
Enteric-coated Tablets and atorvastatin calcium tablet usage as those
of control group.

2.5 Statistical methods
SPSS 19.0 software was used to input data, the differences in
measurement data between two groups were analyzed by t test and P
＜0.05 indicated statistical significance in differences in test results.

3. Results
3.1 Nerve cell injury markers
Before treatment and 15 d after treatment, analysis of serum nerve
cell injury markers S100B (pg/mL), NSE (pg/mL) and sTRAIL
(ng/mL) contents between two groups of patients was as follows:
before treatment, serum S100B, NSE and sTRAIL contents were
not significantly different between two groups of patients; 15d after
treatment, serum S100B, NSE and sTRAIL contents of both groups
of patients were significantly lower than those before treatment,
and serum S100B, NSE and sTRAIL contents of PAS group were
significantly lower than those of control group.
Table 1.
Changes in nerve cell injury markers before and after treatment.
Groups

n

Time
Before treatment
PAS group 58
15 d after treatment
Before treatment
Control
58
group
15 d after treatment
*

NSE
23.42±3.41
7.79±0.94*#
23.19±3.28
12.18±1.48#

S100B
2.18±0.29
0.84±0.11*#
2.23±0.27
1.29±0.15#

sTRAIL
93.51±10.38
37.69±4.13*#
94.41±10.22
54.28±6.72#

: comparison between PAS group and control group after treatment, P＜

0.05; #: comparison within group between before treatment and 15d after

2.3 Serum molecule content detecting

treatment, P＜0.05.

Before treatment and 15 d after treatment, 3 mL of cubital venous
blood was collected from two groups of patients and centrifuged to
separate serum, and then enzyme-linked immunosorbent assay kit
was used to determine S100B, NSE, sTRAIL, 8-iso-PGF2α, GPX1,
FKN, HMGB-1, SICAM-1 and Chemerin levels.

2.4 Peripheral blood molecule expression detecting
Before treatment and 15 d after treatment, 1-2 mL of cubital venous
blood was collected from two groups of patients, whole blood RNA
extraction kit was used to separate RNA and synthesize it into cDNA
by reverse transcription, the primers for Keap-1, Nrf-2 and ARE
were designed, fluorescence quantitative PCR amplification was
conducted, and the amplification curve was referred to calculate the
Keap-1, Nrf-2 and ARE mRNA expression.

3.2 Oxidative stress markers
Before treatment and 15 d after treatment, analysis of oxidative
stress markers Keap-1, Nrf-2 and ARE in peripheral blood as well
as oxidative stress markers 8-iso-PGF2α (pg/mL) and GPX1 (U/
L) in serum between two groups of patients was as follows: before
treatment, peripheral blood Keap-1, Nrf-2 and ARE expression
as well as serum 8-iso-PGF2α and GPX1 contents were not
significantly different between two groups of patients; 15 d after
treatment, peripheral blood Keap-1 expression and serum GPX1
contents of both groups of patients were significantly higher
than those before treatment while peripheral blood Nrf-2 and
ARE expression as well as serum 8-iso-PGF2α contents were
significantly lower than those before treatment, and peripheral blood
Keap-1 expression and serum GPX1 content of PAS group were
significantly higher than those of control group while peripheral
blood Nrf-2 and ARE expression as well as serum 8-iso-PGF2α
content were significantly lower than those of control group.

Table 2.
Changes in oxidative stress markers before and after treatment.
Groups

n

Time

PAS group

58

Control group

58

Before treatment
15 d after treatment
Before treatment
15 d after treatment

Keap-1
1.02±0.14
2.52±0.34*#
1.01±0.13
1.77±0.24#

Peripheral blood
Nrf-2
0.99±0.13
0.32±0.05*#
1.02±0.15
0.71±0.09#

ARE
1.04±0.15
0.28±0.04*#
1.02±0.17
0.58±0.09#

Serum
GPX1
8-iso-PGF2α
32.58±5.62
582.3±72.3
71.31±9.34*#
241.2±33.8*#
33.12±4.59
585.2±69.3
53.28±7.59#
378.5±52.3#

: comparison between PAS group and control group after treatment, P＜0.05; #: comparison within group between before treatment and 15d after treatment, P

*

＜0.05.
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Table 3.
Changes in inflammation markers before and after treatment.
Groups
PAS group

n
58

Control group

58

Time
Before treatment
15 d after treatment
Before treatment
15 d after treatment

FKN
108.52±13.57
62.13±7.79*#
110.13±13.85
83.28±9.38#

HMGB-1
41.93±5.59
20.38±3.82*#
42.31±5.69
29.38±4.28#

sICAM-1
313.52±33.95
170.49±20.32*#
315.68±36.86
227.95±32.93#

Chemerin
142.31±16.93
72.34±9.86*#
144.14±15.74
102.46±13.82#

: comparison between PAS group and control group after treatment, P＜0.05; #: comparison within group between before treatment and 15 d after treatment, P

*

＜0.05.

through the blood brain barrier. NSE and S100B are the markers

3.3 Inflammation markers

of neurons and glial cells respectively, the former participates in
glucose catabolism and energy supply in neurons, the latter is

Before treatment and 15 d after treatment, analysis of serum

involved in the formation of glial cell skeleton, and the rupture of

inflammation markers FKN (ng/mL), HMGB-1 (pg/mL), sICAM-1

neurons and glial cells will cause serum NSE and S100B levels to

(ng/mL) and Chemerin (ng/mL) contents between two groups of

rise[8,9]. TRAIL is a molecule that promotes apoptosis to causes

patients was as follows: before treatment, serum FKN, HMGB-1,

nerve cell damage in ischemic hypoxic state, and sTRAIL is its

sICAM-1 and Chemerin contents were not significantly different

soluble form and can reflect the degree of apoptosis damage[10].

between two groups of patients; 15 d after treatment, serum FKN,

In order to define the effect of PAS triple therapy on the nerve

HMGB-1, sICAM-1 and Chemerin contents of both groups of

damage in patients with acute cerebral infarction, and the changes

patients were significantly lower than those before treatment, and

in serum levels of these nerve damage markers before and after

serum FKN, HMGB-1, sICAM-1 and Chemerin contents of PAS

treatment were analyzed in the study, and the results showed that

group were significantly lower than those of control group.

serum S100B, NSE and sTRAIL contents of both groups of patients
significantly decreased after treatment, and serum S100B, NSE and
sTRAIL contents of PAS group after treatment were significantly

4. Discussion

lower than those of control group. This means that both atorvastatin
+ aspirin double therapy and PAS triple therapy can relieve the nerve

Acute cerebral infarction is a common clinical disabling and
deadly disease, atherosclerosis is the pathological basis of cerebral

injury in patients with cerebral infarction, and PAS triple therapy is
better than double therapy in reducing the nerve injury.

infarction, and plaque stability reduction and rupture, platelet

Massive oxygen free radical generation and oxidative stress

activation and thrombosis are the key links in the process of vascular

response activation are the important pathological links in the nerve

infarction. In clinical practice, antiplatelet by aspirin and plaque

injury under hypoxic hypoxia condition[11,12]. Keap1-/Nrf2/ARE

stabilization by atorvastatin are important means in the treatment of

is an important antioxidant pathway within cells, the continuous

cerebral infarction and can avoid further thrombosis and ischemic

generation of oxygen free radicals can inhibit the Keap-1 expression

hypoxic injury aggravation. Probucol is a new type of lipid-lowering

and cause Keap-1 to be dissociated with Nrf-2, and the free Nrf-2

drug that can promote the expression of apolipoprotein E to regulate

enters the nucleus to identify the ARE sequence of a variety of

the transfer of cholesterol and delay the process of atherosclerosis[6].

antioxidant genes and start the gene expression[13,14]. GPX1 is one

can not only regulate lipid metabolism, but also promote the

by it has the effect of scavenging free radicals. The damaging

scavenging of inflammatory mediators and oxygen free radicals,

effect of massively generated oxygen free radicals in the process

and reduce inflammation and oxidative stress damage to nerve

of cerebral infarction is associated with the lipid peroxidation

function; in addition, probucol can also increase the activity of

in cellular structure, and 8-iso-PGF2α is the product of lipid

various antioxidant enzymes and enhance the ability of local tissues

oxidation, and can reflect the generation of free radicals and the

In recent years, research on probucol has confirmed that the drug

of the antioxidant genes regulated by Nrf-2, and the product encoded

to withstand oxidative damage[7]. It has been reported that the PAS

degree of oxidative stress injury. In the study, analysis of the changes

triple therapy on the basis of plaque stabilization by atorvastatin

in these oxidative stress markers before and after treatment indicated

and antiplatelet by aspirin can improve the neural function in

that peripheral blood Keap-1 expression and serum GPX1 contents

patients with acute cerebral infarction, but there is no report about

of both groups of patients significantly increased while peripheral

the changes of oxidative stress and inflammation in patients with

blood Nrf-2 and ARE expression as well as serum 8-iso-PGF2α

cerebral infarction.

contents significantly decreased after treatment, and peripheral

After the occurrence of cerebral infarction, brain tissue injury

blood Keap-1 expression and serum GPX1 content of PAS group

caused by ischemia hypoxia can cause the neurons and glial cells in

after treatment were significantly higher than those of control group

local tissue to rupture, and the corresponding molecules in cells are

while peripheral blood Nrf-2 and ARE expression as well as serum

released into the extracellular area and enter the blood circulation

8-iso-PGF2α content were significantly lower than those of control
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group. This means that both atorvastatin + aspirin double therapy

A case report and review of literature. J Clin Lipidol 2016; 10(5): 1266-

and PAS triple therapy can relieve the oxidative stress reaction in

1271.

patients with cerebral infarction, and PAS triple therapy is better than
double therapy in reducing the oxidative stress.
Inflammatory response is the pathological change throughout the
course of atherosclerosis and cerebral infarction, and many cytokines

[5] J ung YS, Park JH, Kim H, Kim SY, Hwang JY, Hong KW, et al.
Probucol inhibits LPS-induced microglia activation and ameliorates brain
ischemic injury in normal and hyperlipidemic mice. Acta Pharmacol Sin
2016; 37(8): 1031-1044.

are closely related to inflammatory response. KFN is the adhesion

[6] Colleran R, Kufner S, Harada Y, Giacoppo D, Cassese S, Repp J, et al.

molecule in CX3C family, ICAM-1 is an intercellular adhesion

Five-year follow-up of polymer-free sirolimus- and probucol-eluting

molecule, and both can promote the adhesion of lymphocytes,

stents versus new generation zotarolimus-eluting stents in patients

mononuclear macrophages and other inflammatory cells with

presenting with st-elevation myocardial infarction. Catheter Cardiovasc

vascular endothelial cell adhesion, and accelerate the formation

Interv 2017; 89(3): 367-374.

of endangium foam cells and the development of atheromatous

[7] Kufner S, Sorges J, Mehilli J, Cassese S, Repp J, Wiebe J, et al.

plaque[15,16]; HMGB-1 is a member of the high mobility group box

Randomized trial of polymer-free sirolimus- and probucol-eluting stents

family, which is expressed in both vascular endothelial cells and

smooth muscle cells, can locally recruit a variety of inflammatory

versus durable polymer zotarolimus-eluting stents: 5-year results of the
isar-test-5 trial. JACC Cardiovasc Interv 2016; 9(8): 784-792.

cells and increase the release of inflammatory mediators, and is not

[8] L ai PM, Du R. Association between S100B levels and long-term

only involved in the process of atherosclerosis, but also associated

outcome after aneurysmal subarachnoid hemorrhage: systematic review

with the ischemic hypoxic injury of brain tissue[15,16]; Chemerin is a

and pooled analysis. PLoS One 2016; 11(3): e0151853.

kind of adipocytokine with chemotaxis effect, which can promote the

[9] Li K, Jia J, Wang Z, Zhang S. Elevated Serum Levels of NSE and

infiltration of local inflammatory cells and inflammatory mediators

S-100β Correlate with Increased Risk of Acute Cerebral Infarction in

in local atheromatous plaque and local cerebral infarction so as to

Asian Populations. Med Sci Monit 2015; 30(21): 1879-88.

accelerate the atherosclerosis process and increase the degree of

[10]K ang YH, Park MG, Noh KH, Park HR, Lee HW, Son SM, et al.

cerebral infarction[17]. In the study, analysis of the changes in these

Low serum TNF-related apoptosis-inducing ligand (TRAIL) levels

inflammatory response markers before and after treatment indicated
that serum FKN, HMGB-1, sICAM-1 and Chemerin contents of

are associated with acute ischemic stroke severity. Atherosclerosis 2015;
240(1): 228-233.

both groups of patients significantly decreased after treatment, and

[11]Atik I, Kozacı N, Beydilli I, Avcı M, Ellidag H, Kesapli M. Investigation

serum FKN, HMGB-1, sICAM-1 and Chemerin contents of PAS

of oxidant and antioxidant levels in patients with acute stroke in the

group after traetment were significantly lower than those of control

emergency service. Am J Emerg Med 2016; 34(12): 2379-2383.

group. This means that both atorvastatin + aspirin double therapy

[12]Wang HC, Lin YJ, Shih FY, Chang HW, Su YJ, Cheng BC, et al. The

and PAS triple therapy can reduce the inflammation in patients with

role of serial oxidative stress levels in acute traumatic brain injury and as

cerebral infarction, and PAS triple therapy is better than double
therapy in reducing the inflammatory reaction.

predictors of outcome. World Neurosurg 2016; 87: 463-470.
[13]Palenkic H, Bacun T, Cosic A, Lovricevic I, DeSyo D, Drenjancevic I.

The value of probucol + aspirin + atorvastatin triple therapy

Serum levels of ICAM-1, VCAM-1 and E-selectin in early postoperative

for cerebral infarction was mainly analyzed in the study, and the

period and three months after eversion carotid endarterectomy. Med Glas

preliminary conclusions are as follows: PAS triple therapy is better

(Zenica) 2014; 11(2): 313-319.

than double therapy in reducing the nerve injury as well as oxidative

[14]Zhang Y, Zheng J, Zhou Z, Zhou H, Wang Y, Gong Z, et al. Fractalkine

stress response and inflammatory response in patients with cerebral

promotes chemotaxis of bone marrow-derived mesenchymal stem cells

infarction.

towards ischemic brain lesions through Jak2 signaling and cytoskeletal
reorganization. FEBS J 2015; 282(5): 891-903.
[15]Tsukagawa T, Katsumata R, Fujita M, Yasui K, Akhoon C, Ono K, et
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