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ABSTRACT
Introduction: Cardiovascular disease (CAD) associated with death and disability remains a 
serious medical problem. In some patients the initial clinical coronary artery disease presen-
tation is stable angina pectoris. Aim: The aim of the study was to evaluate the effect of EECP 
therapy with or without trimetazidine (TMZ) in patients with refractory angina via modulating 
peripheral monocyte expression of Toll like receptor2 (TLR2) and its downstream signaling. 
Methods: This is a double-blind randomized prospective study in which 88 stable refracto-
ry angina patients allocated into two groups, Enhanced External Counter Pulsation (EECP) 
group: included 44 patients with stable refractory angina, and were treated with EECP-Ther-
apy. TMZ-EECP group: included 44 patients with stable refractory angina, we gave TMZ 35 
mg twice daily in addition to EECP-Therapy. Results: TLR2 expression in peripheral monocyte 
investigated by flow cytometry and 8-iso-prostaglandin F2β (8-iso-PGF2 β), interleukin1β 
(IL-1β), heat shock protein 60 (HSP60) and monocytes chemoattractant protein-1(MCP-1) 
were also measured before the EECP-therapy and before giving TMZ to patients, and after 35 
hours of EECP treatment (7 consecutive weeks). Inhibition in TLR2 expression in peripheral 
monocyte was observed among the EECP group (P<0.05). Inflammatory cytokine MCP-1 was 
remarkably decreased in both study groups but (heat shock protein 60 (HSP60), MCP-1 and 
interleukin-1β (IL-1β)) significantly decreased levels were observed among the TMZ-EECP 
group (P<0.05). Also, the oxidative stress biomarker 8-iso-prostaglandin F2β (8-iso-PGF2β) 
was decreased in both study groups but significantly decreased levels were observed among 
the TMZ-EECP group (P<0.05). TMZ and EECP therapy in patients with stable refractory angi-
na remarkably decreased the inflammatory markers HSP60, MCP-1 and IL-1β in serum levels 
also the decreased levels were found in serum levels of oxidative stress marker 8-iso-PG-
F2β serum level. Conclusion: EECP-therapy decreased the expression of TLR2 on peripher-
al monocytes in patients with chronic stable refractory angina which yield improvement in 
the quality of patients’ life by decreasing the frequency of angina episodes, decreasing the 
Short-acting nitrate use and change the exercise tolerance and distance.
Keywords: Timetizidine, Enhanced External Counter Pulsation.

1. INTRODUCTION
Cardiovascular disease (CVD) associated with death and disability remains 

a serious medical problem. In some patients the initial clinical coronary ar-
tery disease presentation is stable angina pectoris (1). Asymptomatic coro-
nary artery disease in the United State (U.S.) about 6.4 million patients, and in 
each year develop about 400,000 new cases indicate for invasive procedures 
(cardiac bypass surgery and angioplasty) and/or optimal medical therapy, In 
the U.S. refractory angina pectoris (RAP) estimated about 300,000 to 900,000 
patients. In each year about 25,000 to 75,000 of RAP new cases are diag-
nosed (2). Atherosclerosis is one of the inflammatory diseases. More than 
150 years ago atherosclerosis inflammatory hall-marks were first described 
(3)and over the past 30-40 years this subject has grown widely (4). In the ear-
ly 1990s, F2-isoprostanes were first discovered, in vivo, 8-Isoprostane found 
to reflect oxidative stress and lipid peroxidation which represented as stable 
of arachidonic acid end product belonging to the F-isoprostane (5). There 
was an association reported between 8-iso-PGF2α enhanced formation and 
several cardiovascular risk factors, as well as atherosclerosis (6, 7). Thus, in 
humans with atherosclerosis, lipopro-8-isoprostane plasma and urinary lev-
els increased (8). MCP-1 produced by many cell types, including endothelial, 
fibroblasts, epithelial, smooth muscle, mesangial, astrocytic, monocytic, and 
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microglial cells. These cells are important for immune 
responses in the peripheral circulation and tissues (9). 
There was a link between MCP-1 and cardiovascular dis-
ease which is reported by several studies. Using MCP-1 
or CCR2-deficient mice to examine atherosclerosis, it 
was demonstrated that the arterial lipid deposition re-
duced in the absence of MCP-1 or its receptor CCR2 (10 
11). Heat shock proteins or stress proteins produced in 
many cells due to stress stimuli, such as heat shock, oxi-
dized LDL (oxLDL), mechanical stress, infections, surgi-
cal stress, oxidants and cytokine stimulation (12). 

The HSPs induce inflammatory responses in cardio-
vascular tissues, which are highly expressed, in the de-
velopment of atherosclerosis; the HSPs may be expressed 
as auto-antigens (13). Levels of HSPs 60 were found to 
be elevated in patients with early CVD (14). The innate 
immune system can activate (via toll-like receptor 4) by 
HSP60 and also the adaptive immune system is activat-
ed (15). IL1β represented as an “inflammation gatekeep-
er”(16). When IL-1 type I receptor activates, it mediates 
a state of proinflammatory characterized by elevation of 
inducible nitric oxide synthase production, Endothelin 
1, and other proinflammatory Chemokines, cytokines, 
and adhesion molecules. All of which leads to macro-
phage activation, endothelial and smooth muscle cell 
proliferation, leading to atherosclerosis progression. The 
role of IL-1β in atherosclerosis has long been established 
(17). In atherosclerotic mice model, activation of TLR2 
enhanced the atherosclerotic plaque formation, which 
had a role in atherosclerotic occlusive disease initiation 
and progression (18). The TLR-2 blockade may be ben-
eficial in cardiovascular disorders (19). TLR2 has only 
one pathway, MyD88-dependent pathway, and about 
TLR2 is more complex in activation, which makes het-
erodimers with TLR1 and TLR6 (20).

2. PATIENTS AND METHODS
This study is a prospective double-blind randomized 

control trial, Eighty-eight patients with chronic stable 
refractory angina were recruited from the private clin-
ic of Dr. Prof. Fadhil Ghali Yousif, Al-Najaf Center of 
Cardiac Surgery, during a clinical screening procedure 
performed by a cardiologist, that was mandatory for all 
patients referred for EECP. The patients were divided 
randomly into two groups, after the exclusion, the pa-
tients who suffered from uncontrolled atrial fibrillation, 
decompensate heart failure, severe aortic insufficiency, 
severe peripheral arterial disease, severe hypertension, 
aortic aneurysm, venous disease, severe chronic ob-
structive pulmonary disease, epilepsy patients and those 
patients who were already on Monoamine oxidase in-
hibitors (MAOIs) treatments and having allergy with 
TMZ were excluded. EECP group included 44 patients 
with stable refractory angina and were treated with 
ECP-Therapy. TMZ-EECP group include 44 patients 
with stable refractory angina in this group patients were 
given Trimetazidine 35 mg twice daily in addition to 
EECP-Therapy. 

All randomized patients that were enrolled in the 
study had signed informed consent and the approval 
for the study was granted by the Kufa University\faculty 
of medical ethics committees. Two blood samples were 
collected from each patient. The first sample was taken 
immediately before giving TMZ to patients and before 
the EECP-therapy, and the second blood sample was 
taken after 35 1-hour sessions of EECP therapy and then 
we drew 5ml of blood from a peripheral vein in each 
case and then divided into 2 ml of aspirated blood, blood 
was then put in sterile Ethylene diamine tetra acetic acid 
(EDTA) bottles for flow cytometry analysis of TLR2 and 
rest 3 ml of blood was centrifuged at 3000 ×g for 5 min 
to obtain serum which was then kept at -80 C to be used 
for the assay of 8-iso-PGF2a, IL1β, HSP60, and MCP-1.

Patient's satisfaction
Patient satisfaction was one of subjective evaluation 

based on the patients response to a questionnaire ad-
ministered before TMZ and EECP therapy and after 
35 hours of EECP treatment (7 consecutive weeks) and 
after treatment with TMZ. Patient satisfaction is an in-
dicator for measuring the improvement in the quality 
of life, anginal pain, Short-acting nitrate use, exertional 
dyspnea, five-minute work and Exercise tolerance. Pa-
tient satisfaction determines whether the patients saw 
an improvement, worsening, or no change.

Flow cytometic analysis
Bricyte E6 flow cytometic used for measuring periph-

eral monocyte cell expression for TLR2. florescent Phy-
coerythrin PE (anti-TLR2)antibody used for 45 minutes 
at 4 C° blood to stain sample in a dark environment. Af-
ter that the red blood cell (RBC) lysis buffer incubated 
with the mixture, after that the mixture washed by using 
phosphate buffer, then using irrelevant Isotope-matched 
control IgG as a control. The washed cells cell-associat-
ed fluorescence measured by Bricyte E6 flow cytometic 
(Mandray, China) and the data were analyzed by MR 
flow software.

ELISA technique
Sandwich enzyme immune assay technique was used 

for measuring serum level concentrations of 8-iso-PG-
F2a, IL1B, HSP60, and MCP-1 using a kit of Elabscience 
Elisa. At room temperature, 100µl serum was added to 
each well and incubated for 1.5 hours. After that, 100 µl 
of prepared biotinylated detection antibody was added 
to each well and then incubated at room temperature for 
1 hour, and then it was aspirated and washed three times. 
100 µl of HRP conjugated solution was added and then 
incubated for 30 minutes at room temperature again it 
was aspirated and washed five times. Substrate reagent 
as 90 µl was added and incubated for fifteen-minute at 
37 degrees. Finally, 50 µl of stop solution was added. 
Color intensity was then measured at 450nm.

Statistical analysis
Statistical analyses were performed by using statistical 

package for social science (SPSS) version 20. Categori-
cal variables were presented as number and percentage 
using the Chi-square test to express the association be-
tween categorical variables. Continuous variables were 
expressed as Mean ± stander error of the mean. Paired 
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t-test was used for comparison of means at various time 
point in the same group. The independent sample t-test 
used for comparison between two groups. P-value <0.05 
was regarded as statistically significant.

3. RESULTS
All  the baseline parameter of the EECP-group and 

TMZ-EECP group  are not significant statistically re-
garding gender, age, smoking, history of diabetes mel-
litus, hypertension, drugs intake, total cholesterol, renal 
function test this details in Table 1

Patient's satisfaction
In this randomized study, we found in EECP-group 

there was 70.5% of the patients satisfy to the quality of 
life, anginal pain, short-acting nitrite use,excertional 
dyspnea, five-minute work and exercise tolerance after 
35 hours of EECP treatment (7 consecutive weeks) and 
in TMZ-EECP group there was 88.6% of patients satis-

fied after TMZ 35mg twice a day with 35 1-hour ses-
sions of EECP therapy. There is a significant difference 
between EECP-group and TMZ-EECP group (p-value = 
0.034 ) in the patients satisfaction. 

Effect of EECP and TMZ therapy on MCP-1 serum 
level

In the EECP-group of our study there was a significant 
decrease (P<0.05) in the serum level of MCP-1 after 35-1 
hour sessions of EECP therapy (Post EECP therapy) in 
comparison with Pre-EECP therapy and these results 
shown in Figure1. 

Also, we found in the TMZ-EECP group, there was 
a highly significant decrease (P<0.05) in the MCP-1 se-
rum level in the post TMZ-EECP combination therapy 
in comparison with EECP-group (post-EECP therapy) 
and these results shown in Figure2.

Figure 1. Effect of EECP-therapy on MCP-1 
serum level, comparison between Pre-EECP 
therapy and Post-EECP therapy

Figure 2. Effect of TMZ and EECP therapy on 
MCP-1 serum level, comparison between Post 
TMZ-EECP therapy and Post-EECP therapy

Figure 3. Effect of EECP-therapy on 
HSP60serum level, comparison between Pre-
EECP therapy and Post-EECP therapy

Figure 4. Effect of TMZ and EECP therapy on 
HSP60serum level, comparison between Post 
TMZ-EECP therapy and Post-EECP therapy

Figure 5. Effect of EECP-therapy on IL-1β   
serum level, comparison between Pre-EECP 
therapy and Post-EECP therapy

Figure 6. Effect of TMZ and EECP therapy on IL-
1β   serum level, comparison between PostTMZ-
EECP therapy and Post-EECP therapy

Figure 7. Effect of EECP-therapy on 8-iso-
PGF2α serum level, comparison between 
Pre-EECP therapy and Post-EECP therapy

Figure 8. Effect of TMZ and EECP therapy on 
8-iso-PGF2α serum level, comparison between 
Post TMZ-EECP therapy and Post-EECP therapy

Figure 9. Effect of EECP-therapy on peripheral 
blood monocyte expression of TLR2, 
comparison between Pre-EECP therapy and 
Post-EECP therapy
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Effect of EECP and TMZ therapy on HSP60 serum 
level

In EECP-group of the present study, there was a 
non-significant decrease (P<0.05) in the HSP60 serum 
level after 35-1 hour sessions of EECP therapy (Post 
EECP therapy) in comparison with Pre-EECP therapy 
and these results shown in Figure 3, while in the TMZ-
EECP group, there was a significant decrease (P<0.05) in 
the HSP60 serum level in post TMZ-EECP combination 
therapy in comparison with EECP-group (post-EECP 
therapy) and these results shown in Figure 4.

Effect of EECP and TMZ therapy on IL-1β serum 
level

In EECP-group of this randomized study, there was 
a non-significant decrease (P<0.05) in the IL-1βserum 
level after 35-1 hour sessions of EECP therapy (Post 
EECP therapy) in comparison with Pre-EECP therapy 
and these results shown in Figure 5, while in the TMZ-
EECP group, there was a significant decrease (P<0.05) in 
the IL-1β serum level in post TMZ-EECP combination 
therapy in comparison with EECP-group (post-EECP 
therapy) and these results shown in Figure 6.

Effect of EECP and TMZ therapy on 8-iso-PGF2α 
serum level

In EECP-group, there was a significant decrease 
(P-value <0.05) in the serum level of 8-iso-PGF2α after 
35-1 hour sessions of EECP therapy (Post EECP therapy) 
in comparison with Pre-EECP therapy and these results 
shown in Figure 7. In the TMZ-EECP group, there was a 
significant decrease (P-value <0.05) in the serum level of 
8-iso-PGF2α in post TMZ-EECP combination therapy 
in comparison with EECP-group (post-EECP therapy) 
and these results shown in Figure 8.

Effect of EECP and TMZ therapy on peripheral 
blood monocyte expression of TLR2

In EECP-group of the current study, there was a signif-
icant decrease (P<0.05) in the peripheral blood mono-
cyte expression of TLR2 after 35-1 hour sessions of 
EECP therapy (Post EECP therapy) in comparison with 
Pre-EECP therapy and these results shown in Figure 9, 

but in TMZ-EECP group, there was a non-significant 
decrease (P<0.05) in the peripheral blood monocyte ex-
pression of TLR2 in post TMZ-EECP combination ther-
apy in comparison with EECP-group (post-EECP thera-
py) and these results shown in Figure 10.

4. DISCUSSION
Enhanced external counter pulsation is a non-invasive 

therapy, for CAD and for patients with RAP who fail to 
respond to standard revascularization procedures and 
aggressive pharmacotherapy. Data from the Interna-
tional Patient Registry (IEPR) demonstrate that angina 
episodes and nitrate usage are decreased by the effect of 
EECP, and exercise tolerance increases in patients with 
RAP (21,22). The anti-ischemic benefits occur early and 
are sustained up to 5 years in patients with a favorable 
initial response (23). In the EECP-group of the present 
study we found that there was a significant decrease 
(P<0.05) in the serum level of MCP-1 in the post-EECP 
therapy in comparison with a pre-EECP therapy, these 
results agreed with Braith et al. 2010, study which re-
ported that, the plasma levels of TNF-α, hsCRP and 
MCP-1decreased after 35 sessions of EECP treatment 
(24, 25). Our study findings are in concordance with 
Casey et al. 2008 who reported that the MCP-1plasma 
levels are reduced after EECP therapy (26). In the cor-
onary artery of atherosclerotic patients, the serum level 
of MCP-1 seen to be high (27, 28). Oxidized-LDL en-
hanced the expression of MCP-1 from macrophages, 
vascular smooth muscle cell, and endothelial cells; the 
MCP-1 expression is time and level-dependent manner 
(29). The EECP mechanism as anti-inflammatory action 
mostly related to the intermittent bouts of shear stress 
created with each inflation/deflation cycle of the cuffs. 
Shear stress enhanced endothelial-derived nitric oxide 
(NO) synthesis and release (30). Besides the NO vasodi-
latation effect, it also had an anti-inflammatory and an-
ti-atherosclerotic role via reducing the VCAM-1 expres-
sion and inhibiting the MCP-1 expression (31). In this 
randomized study, we also found there was a highly sig-
nificant decrease (P<0.05) in the serum level of MCP-1 

Table1 Demographic characteristics of participated patients
Figure 10.Effect of TMZ and EECP therapy on peripheral blood 
monocyte expression of TLR2, comparison between Post TMZ-EECP 
therapy and Post-EECP therapy
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in the post TMZ-EECP group in comparison with a post 
EECP-group, Trimetazidine cardio-protective effect like 
oxidative stress reduction, which decreased lipid oxida-
tion and inhibited monocyte/macrophage stimulation 
for chemokine and inflammatory cytokines production 
(32). Also, TMZ reduced the NO inactivation rate by 
stimulating the endothelial function, The anti-inflam-
matory and anti-atherosclerotic role of NO by its inhib-
itory effect on the MCP-1 expression and by reducing 
the expression of VCAM-1 (33). Finally, TMZ decreases 
the vascular cell adhesion molecules-1 and MCP-1 by 
its inhibitory effect on NF-kB (34). In the EECP-group 
of the present study we found that there was a non-sig-
nificant decrease (P<0.05) in the serum level of IL-1β in 
the post-EECP therapy in comparison with a pre-EECP 
therapy but there was a significant decrease in the serum 
level of IL-1β in post TMZ-EECP group in comparison 
with post EECP-group and this agreed with Kuralay et 
al. which supposed that the trimetazidine inhibits the 
inflammatory markers like nitric oxide products (nitrite 
and nitrates ), IL-1β, IL-6 and TNF alpha (35). IL1β rep-
resented as an “inflammation gatekeeper” (15). Which 
activates macrophage, endothelial and smooth muscle 
cell proliferation, leading to atherosclerosis progression 
(17). Zhang et al. approved that the trimetazidine in-
creased the level of Nrf2/HO-1, Nrf2 pathway plays a 
major role in inflammation, Nrf2 is negatively regular at 
NF-kB, NF-kB is a key mediator for inflammation which 
induce Chemokines and other inflammatory cytokines 
like (IL-1B, IL6, TNF-a) (34). In the current there was a 
non-significant decrease (P<0.05) in the serum level of 
HSP-60in the post-EECP therapy in comparison with a 
pre-EECP therapy and there was a significant reduction 
in serum level of HSP-60 in post TMZ-EECP group in 
comparison with the post-EECP treated group. HSP60 
level elevated in patients with early CVD (36). The in-
nate immune system can activate (via toll-like recep-
tor4) by HSP60and also the adaptive immune system ac-
tivated (37). The synergism effect of EECP and TMZ on 
the stress markers such as oxidative stress, endothelial 
dysfunction and inflammatory markers (i.e. stress mark-
ers enhance HSP60 release) (38, 39) cause a significant 
decrease in HSP60 serum level in TMZ-EECP group 
when compare with EECP-group in patients with stable 
refractory angina of our study. In this study 8-iso-PGF2 
serum level significantly decrease (P<0.05) in post-EECP 
therapy in comparison with a pre-EECP therapy, these 
results were in agreement with Braith et al. 2010, which 
observed that after 35 sessions of EECP treatment, the 
8-iso-PGF2a serum level decreased (25). Also there 
was a highly significant reduction in the serum level of 
8-iso-PGF2a in post TMZ-EECP group in comparison 
with the post-EECP group. In cardiovascular diseases, 
the 8-iso-PGF2 represented as the most valid systemic 
oxidative stress biomarker (40). Trimetazidine can bind 
to mitochondria and it significantly increases the rate of 
glucose oxidation and reduces the rate of fatty acid oxi-
dation (41). In this study the peripheral blood monocyte 
expression for TLR2 significantly decreased (P<0.05) in 
the post-EECP therapy in comparison with a pre-EECP 

therapy while there was a non-significant reduction in 
peripheral blood monocyte expression of TLR2 in post 
TMZ-EECP group in comparison with the post-EECP 
group. TLR2 blockade may be beneficial in cardiovas-
cular disorders (19). TLR2 blockade reduces the infarct 
size and maintains heart function (42). The endogenous 
ligands of TLR2 are oxLDL (43), Oxidized phospholip-
ids (44), HSPs (45). Braith et al. improved the effect of 
EECP on lipid peroxidation (TLR2 endogenous ligand) 
(25). TLR2 has only one pathway, MyD88-dependent 
pathway, and about TLR2 is more complex in activation, 
which made heterodimers with TLR1 and TLR6 (20).

• Author’s contribution: Each author gave substantial contribution in 
acquisition, analysis and data interpretation. Each author had a part 
in preparing article for drafting and revising it critically for important 
intellectual content. Each author gave final approval of the version 
to be published and agreed to be accountable for all aspects of the 
work in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and resolved.

• Conflicts of Interest: The authors declare no conflict of interest.
• Financial support and sponsorship: This research received no ex-

ternal funding.

REFERENCES
1. Lloyd-Jones D, Adams RJ, Brown TM et al. Heart disease and stroke sta-

tistics. Circulation. 2010 Feb; 127(7): e46-e215. doi:  10.1161/CIRCULA-
TIONAHA.109.192667.

2. Heidenreich RA, Paul A, Trogdon GJ. et al. forecasting the future of cardio-
vascular disease in the United States: a policy statement from the Amer-
ican Heart Association. Circulation. 2011 Mar 1; 123(8): 933-944. doi: 
10.1161/CIR.0b013e31820a55f5.

3. Rokitansky V, Freiherr K. A manual of pathological anatomy. 1855.
4. Bruggen NV, Nicholas, Ouyang W. Th17 cells at the crossroads of auto-

immunity. inflammation and atherosclerosis. Immunity. 2014; 40: 10-12. 
doi.org/10.1016/j.immuni.2013.12.006

5. Morrow D, Harris TM, Robert LJ. et al. Noncyclooxygenase oxidative for-
mation of a series of novel prostaglandins: analytical ramifications for 
measurement of eicosanoids. Analytical biochemistry. 1990 Jan; 184(1): 
1-10. doi: 10.1016/0003-2697(90)90002-q.

6. Stigter ECA, Letsiou S, Broek NJF. et al. lacking linearity in quantitative 
stable-isotope LC–MS/MS measurement of F2-isoprostanes is an irre-
futable indicator of analytical inadequacy. Journal of Chromatography B. 
2017 Oct1; 1064: 139-142. doi: 10.1016/j.jchromb.2017.09.007. 

7. Wang B, Pan J, Wang L et al. Associations of plasma 8-isoprostane levels 
with the presence and extent of coronary stenosis in patients with cor-
onary artery disease. Atherosclerosis. 2006 Feb; 184(2): 425-430.  doi: 
10.1016/j.atherosclerosis.2005.05.008.

8. Il'yasova D, Spasojevic I, Base K. et al. Urinary F2-isoprostanes as a bio-
marker of reduced risk of type 2 diabetes. Diabetes care. 2012 Jan; 35(1): 
173-174. doi: 10.2337/dc11-1502.

9. Conductier G, Blondeau N, Guyon A. et al. The role of monocyte chemo-
attractant protein MCP1/CCL2 in neuroinflammatory diseases. Jour-
nal of neuroimmunology. 2010; 224(1-2): 93-100.  doi: 10.1016/j.jneu-
roim.2010.05.010.

10. Boring L, Gosling J Cleary M et al. Decreased lesion formation in CCR2−/− 
mice reveals a role for chemokines in the initiation of atherosclerosis. Na-
ture. 2012; 394(6696): 894-897. doi: 10.1038/29788.

11. Okamoto M, Fuchigami M, Suzuki T. et al. A novel C–Cchemokine recep-
tor 2 antagonist prevents progression of albuminuria and atherosclerosis 
in mouse models. Biological and Pharmaceutical Bulletin. 2012; 35(11): 
2069-2074. doi: 10.1248/bpb.b12-00528.

12. Ivor J., Benjamin IJ, McMillan JD. Stress R. proteins: molecular chaper-
ones in cardiovascular biology and disease. Circulation research. 1998 
Jul 27; 83(2): 117-132. doi: 10.1161/01.res.83.2.117.

13. Pockley AG. Heat shock proteins inf lammation, and cardiovascu-
lar disease. Circulation. 2002 Feb 26; 105(8): 1012-1017. doi: 10.1161/



Trimetazidine Improves the Outcome of EECP Therapy in Patients with Refractory Angina Pectoris

204 ORIGINAL PAPER | MED ARCH. 2020 JUN; 74(3): 199-204

hc0802.103729.
14. Xiao Q, Mandal K, Schett G. et al. Association of serum-soluble heat shock 

protein 60 with carotid atherosclerosis: clinical significance determined 
in a follow-up study. Stroke. 2005 Dec; 36(12): 2571-2576. doi: 10.1161/01.
STR.0000189632.98944.ab.

15. Schoneveld AH, Hoefer I, Sluijter JPG. et al. Atherosclerotic lesion de-
velopment and Toll like receptor 2 and 4 responsiveness. Atherosclero-
sis. 2008 Mar; 197(1): 95-104. doi: 10.1016/j.atherosclerosis.2007.08.004.

16. Dinarello CA. A clinical perspective of IL‐1β as the gatekeeper of inflam-
mation. European journal of immunology. 2011 May; 41(5): 1203-1217. 
doi: 10.1002/eji.201141550.

17. Chamberlain J, Evans D, King A, et al. Interleukin-1β and signaling of in-
terleukin-1 in vascular wall and circulating cells modulates the extent of 
neointimal formation in mice. The American journal of pathology. 2006 
Apr; 168(4): 1396-1403. doi: 10.2353/ajpath.2006.051054.

18. Cole C, Jennifer E, Georgiou E. et al. The expression and functions of toll-
like receptors in atherosclerosis. Mediators of inflammation. 2010; 2010: 
393946. doi: 10.1155/2010/393946.

19. Spirig R, Tsui J, Shaw S. et al. The emerging role of TLR and innate immu-
nity in cardiovascular disease. Cardiology research and practice. 2012: 
181394. doi: 10.1155/2012/181394.

20. Lucas K, Maes M. Role of the Toll Like receptor (TLR) radical cycle in 
chronic inflammation: possible treatments targeting the TLR4 pathway. 
Molecular neurobiology. 2013 Aug; 48(1): 190-204. doi: 10.1007/s12035-
013-8425-7.

21. Arora RR, Chou TM, Jain D. et al. The multicenter study of enhanced ex-
ternal counter pulsation (MUST-EECP): effect of EECP on exercise-in-
duced myocardial ischemia and anginal episodes. Journal of the Amer-
ican College of Cardiology. 2013; 33(7): 1833-1840. doi: 10.1016/s0735-
1097(99)00140-0.

22. Urano H, Ikeda H, Ueno T. et al. Enhanced external counter pulsation 
improves exercise tolerance, reduces exercise-induced myocardial isch-
emia and improves left ventricular diastolic filling in patients with coro-
nary artery disease. Journal of the American College of Cardiology. 2011; 
37(1): 93-99. doi: 10.1016/s0735-1097(00)01095-0.

23. Yang DY,  Wu GF. Vasculoprotective properties of enhanced external 
counter pulsation for coronary artery disease: beyond the hemodynam-
ics. International journal of cardiology. 2013 Jun 5; 166(1): 38-43. doi: 
10.1016/j.ijcard.2012.04.003.

24. Braith RW, Casey DP, Beck TD. et al. Enhanced external counterpulsa-
tion for ischemic heart disease: a look behind the curtain. Exercise and 
sport sciences reviews. 2012 Jul; 40(3): 145-152. doi: 10.1097/JES.0b013e-
318253de5e

25. Braith RW, Conti CR, Niclos WW et al. Enhanced external counter pul-
sation improves peripheral artery flow-mediated dilation in patients with 
chronic angina: a randomized sham-controlled study. Circulation. 2010 
Oct 19; 122(16): 1612-1620. doi: 10.1161/CIRCULATIONAHA.109.923482.

26. Casey DP, Conti CR, Niclos WW. et al. Effect of enhanced external counter 
pulsation on inflammatory cytokines and adhesion molecules in patients 
with angina pectoris and angiographic coronary artery disease. The Amer-
ican journal of cardiology. 2008 Feb 1; 101(3): 300-302. doi: 10.1016/j.am-
jcard.2007.08.031. 

27. Basurto L, Gregory MA, Hernández SB. et al. Monocyte chemoattractant 
protein-1 (MCP-1) and fibroblast growth factor-21 (FGF-21) as biomark-
ers of subclinical atherosclerosis in women. Experimental gerontology. 
2019 Sep; 124: 110624. doi: 10.1016/j.exger.2019.05.013.

28. Jasim AE , Majeed SA , Hadi HR. et al. Atorvastatin loading before per-
cutaneous coronary intervention down-regulates Toll-like receptor4 
expression and ameliorates myocardial injury markers. International 
Journal of Pharmaceutical Research. 2019 July; 11(3), doi:  10.31838/
ijpr/2019.11.03.056

29. Karimian MS, Pirro M, Majeed M. et al. Curcumin as a natural regula-
tor of monocyte chemoattractant protein-1. Cytokine & growth factor re-
views. 2017 Feb; 33: 55-63. doi: 10.1016/j.cytogfr.2016.10.001

30. Abe JI, Berk BC. Laminar shear stress: mechanisms by which endothe-
lial cells transducer anatheroprotective force. Arteriosclerosis. Throm-
bosis, and vascular biology. 1998 May; 18(5): 677-685. doi: 10.1161/01.
atv.18.5.677.

31. Harrison DG, Widder J, Grumbach I. et al. Endothelial mechanotrans-
duction, nitric oxide and vascular inflammation. Journal of internal med-
icine. 2006 Apr; 259(4): 351-363. doi: 10.1111/j.1365-2796.2006.01621.x.

32. Argaud L, Gomez L, Roesch OG. et al. Trimetazidine inhibits mitochon-
drial permeability transition pore opening and prevents lethal ischemia–
reperfusion injury. Journal of molecular and cellular cardiology. 2005 Dec; 
39(6): 893-899. doi: 10.1016/j.yjmcc.2005.09.012. 

33. Loscalzo J. Nitric oxide insufficiency, platelet activation, and arterial 
thrombosis. Circulation research. 2001; 88: 7566-62.. doi.org/10.1161/
hh0801.089861

34. Zhang H, Liu M, Zhang Y. et al. Trimetazidine Attenuates Exhaustive 
Exercise-Induced Myocardial Injury in Ratsvia Regulation of the Nrf2/
NF-κB Signaling Pathway. Frontiers in pharmacology. 2019; 10: 175. doi: 
10.3389/fphar.2019.00175

35. Kuralay F, Altekin E, Yazlar AS. et al. Suppression of angioplasty-related 
inflammation by pre-procedural treatment with trimetazidine. The To-
hoku journal of experimental medicine. 2006 Mar; 208(3): 203-212. doi: 
10.1620/tjem.208.203.

36. Xiao Q, Mandal K, Schett G. et al. Association of serum-soluble heat shock 
protein 60 with carotid atherosclerosis: clinical significance determined 
in a follow-up study. Stroke. 2005 Dec; 36(12): 2571-2576. doi: 10.1161/01.
STR.0000189632.98944.ab. 

37. Schoneveld AH, Hoefer I, Sluijter JPG. et al. Atherosclerotic lesion de-
velopment and Toll like receptor 2 and 4 responsiveness. Atherosclero-
sis. 2008 Mar; 197(1): 95-104. doi: 10.1016/j.atherosclerosis.2007.08.004.

38. Sardina PD, Martin JS, Dzieza WK. et al. Enhanced external counter pul-
sation (EECP) decreases advanced glycation end products and proinflam-
matory cytokines in patients with non-insulin-dependent type II diabe-
tes mellitus for up to 6 months following treatment. Acta diabetologica. 
2016 Oct; 53(5): 753-760. doi: 10.1007/s00592-016-0869-6.

39. Dehina L, Vaillant F, Tabib A et al. Trimetazidine demonstrated cardi-
oprotective effects through mitochondrial pathway in a model of acute 
coronary ischemia. Naunyn-Schmiedeberg's archives of pharmacology. 
2013 Mar; 386(3): 205-215. doi: 10.1007/s00210-012-0826-z.

40. Liu Y, Wang D, Sun R. et al. Associations of retinol-binding protein 4 
with oxidative stress, inflammatory markers, and metabolic syndrome in 
a middle-aged and elderly Chinese population. Diabetology & metabolic 
syndrome. 2014; 6: 25.  doi: 10.1186/1758-5996-6-25

41. Jain S, Bharal N, Medriatta PK et al. Anticonvulsant and antioxidant ac-
tions of trimetazidine in pentylenetetrazole-induced kindling model in 
mice. Naunyn-Schmiedeberg's archives of pharmacology. 2011 Feb 12; 
383(4): 385-392. doi: 10.1007/s00210-011-0606-1.

42. Arslan F, Smeets MB, O’Neil LA. et al. Myocardial ischemia/reperfu-
sion injury is mediated by leukocytic toll-like receptor-2 and reduced 
by systemic administration of a novel anti–toll-like receptor-2 antibody. 
Circulation. 2010 Jan 5; 121(1): 80-90. doi: 10.1161/CIRCULATION-
AHA.109.880187. 

43. Xu XH, Shah PK, Faure E et al. Toll-like receptor-4 is expressed by mac-
rophages in murine and human lipid-rich atherosclerotic plaques and 
upregulated by oxidized LDL. Circulation. 2001 Dec 18; 104(25): 3103-
3108. doi: 10.1161/hc5001.100631. 

44. Erridge C, Kennedy S, Spickett CM. et al. Oxidized phospholipid inhibi-
tion of toll-like receptor (TLR) signaling is restricted to TLR2 and TLR4 
roles for cd14, lps-binding protein, and md2 as targets for specificity of 
inhibition. Journal of Biological Chemistry. 2008 Sep 5; 283(36): 24748-
24759. doi: 10.1074/jbc.M800352200. 

45. Fang H, Wu Y, Huang X. et al. Toll-like receptor 4 (TLR4) is essential for 
Hsp70-like protein 1 (HSP70L1) to activate dendritic cells and induce Th1 
response. Journal of Biological Chemistry. 2011 Sep 2; 286(35): 30393-
30400. doi: 10.1074/jbc.M111.266528.


