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ABSTRACT 

Background: Organic cellular inflammatory response constitutes a pathophysiological mechanism present in all Coro- 
nary Artery Bypass Graftings (CABGs). In this aspect, the organism brings forth its defenses through answers that in- 
volve cellular components. Objectives: To evaluate, in a randomized double-blind prospective study, controlled with 
placebo, the effects of trimetazidine (Tmz) on cellular response, analyzed through the variation of leukocytes, neutro- 
phils and monocytes. Patients and Method: 30 patients were randomly selected to be studied, with no more than a 
mild ventricular dysfunction, and divided into two groups (Tmz and placebo) stratified by echocardiography and re- 
ceiving medication/placebo in a 60 mg/day dose. The samples of leukocytes, neutrophils and monocytes were obtained 
in the pre-operatory day without medication, at surgery day with 12 to 15 days of medication/placebo, with 5 minutes 
after the aortic declamping, and within 12, 24 and 48 hours after surgery. Results: The leukocytes and neutrophils lev- 
els have decreased significantly in the treated group when compared to the control group, in all analyzed moments (p = 
0.012; p = 0.005). Conclusions and Clinical Implications: Trimetazidine has proved to reduce significantly the levels 
of total leukocytes and neutrophils in patients submitted to CABG. 
 
Keywords: Trimetazidine; Administration and Dosage; Myocardial Reperfusion; Inflammation; Cellular Response;  

Myocardial Revascularization 

1. Introduction 

The modernization of cardiac surgery was driven by the 
development of extracorporeal circulation (ECC) on the 
late 1950s. This technique became indispensable for the 
majority of cardiac surgeries, although associated with an 
undesirable systemic inflammatory response [1].  

This inflammatory response is mediated by the release 
of humoral and cellular immunological factors, allowing 
analysis through the activation of the complement system, 
thrombin, cytokines, neutrophils, intercellular adhesion 
molecules (ICAMs), mast cells and other mediators that 
manifest themselves in many different ways [2,3]. 

Leukocytes, components of the cellular response, are 
partially driven off the circulation through their binding 
to the ECC circuit, and are also diluted by the fluid that 

fills up the circuit [2]. 
Three main types of leukocytes are activated in the 

initial stage of ECC: neutrophils, monocytes and lym- 
phocytes [4]. The neutrophils are activated by the com- 
ponents of the complement cascade (C3a and C5a) as 
well as the contact system (kallikrein and factor XIIf). 
The activated C3 and C5 manifest themselves after sec- 
onds of exposure to the ECC circuit, interacting with the 
neutrophils. In this context, other mediators also activate 
the neutrophils, such as thrombin, TNF-α, heparin, en- 
dotoxine, histamine, and the neutrophil activator peptide 
2, which is liberated through the platelets. Finaly, neu- 
trophils can also be activated by the direct interaction 
with the endothelial cells, assuming a very important role 
in the late stage of the inflammatory response. A similar 
effect occurs in almost every specific subgroup of lym- 
phocytes, including B lymphocytes, natural killer (NK) 
lymphocytes, T-helper lymphocytes and T-supressor 
lymphocytes. The total amount of lymphocytes decreases 
progressively, as the CABG-ECC goes on [2,5].  
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In CABG-ECC, the monocytes are also activated, al- 
though more slowly than in other systems, as the com- 
plement and the neutrophil ones, having an activity spike 
a few hours after the beginning of surgery [6] . The acti- 
vation mechanism of the monocytes is still not well 
known, acting independently as well as associating with 
platelets, constituting the monocyte-platelet aggregation 
[7,8]. 

By the end of the ECC, reperfusion, a physiopa- 
thological phenomenon that intensifies the inflammatory 
response after the aortic declamping, starts to act as a 
second wave of aggression related to the inflammatory 
insult in CABG [3,4,9].  

The reperfusion’s physiopathology—and its relation to 
the inflammatory response—involves several substances 
produced by the neutrophils and monocytes with subse- 
quent degranulation. The monocytes produce and release 
IL-1, IL-2, IL-3, IL-6 and IL-8 [9,10]. The neutrophils 
produce and release the so called hyperoxide radicals, 
that consist in the superoxide anion (O2), the hydroxyl 
radical (OH) and hydrogen peroxide (H2O2), and also 
proteinases, eicosanoid lipids, adhesion molecules, IL-1, 
IL-6 and IL-8, causing direct damage to the myocardium 
[11-14]. 

Trimetazidine (1-(2,3,4-trimethoxy-benzyl) piperacil- 
lin hydrochloride) with its anti-ischemic action, reduces 
the metabolic damage caused during ischemia by acting 
on a critical step of cardiac metabolism, blocking beta- 
oxidation of fatty acids by inhibiting the long-chain 3- 
acetyl-CoA thiolase. That anti-ischemic effect increases 
glucose oxidation, additional to glycolysis, with the con- 
sequent reduction in protons, elevation of the intracellu- 
lar pH and tissue acidosis, recovery of the cardiac effi- 
ciency, and improvement in the production of acetyl- 
CoA. In addition, it limits calcium build-up, inflamma- 
tion and the production of superoxide free radicals that 
occur after reperfusion, without causing hemodynamic 
changes. 

During inflammatory response the neutrophils release 
the cytotoxic content held in their granules, resulting in 
an increase in vascular permeability, the formation of an 
interstitial edema, thrombosis and parenchymal cell in- 
jury [14,15]. This has been perceived in the lungs, the 
heart and in other tissues and organs during CABG-ECC. 
Most investigators consider that neutrophils play a cen- 
tral role in tissues and organs injuries as a result of ECC 
[16,17]. 

Taking into account the leukocytes’ action in the in- 
flammatory response triggered by CABG-ECC, this re- 
search evaluates the effects of the trimetazidine (Tmz) 
substance on the cellular response involving myocardial 
reperfusion, through the plasmatic variation of total leu- 
kocites, neutrophils and monocytes by the end of surgery 
and in post-operatory. 

2. Methods 

Prospective clinic trial, double-blinded, randomized and 
controlled by placebo, held in the State’s Institute of 
Cardiology Aloysio de Castro, Rio de Janeiro (IECAC- 
RJ) from July 2007 to August 2008. The main purpose 
was to examine the differences in the level of leukocytes, 
neutrophils and monocytes, components of the inflame- 
matory response in CABG-ECC, evaluating two groups, 
one treated with trimetazidine (Tmz) and the other with 
placebo. 

Martins et al. [11] have analyzed 137 patients with 
signs of CABG-ECC, diagnosed through an echocardio- 
gram, from which 75 with mild dysfunction or normal 
ventricular function were selected. From those 75, 60 
patients, allocated in the Tmz and placebo groups con- 
cluded the trial for exam of the serological markers of 
myocardial injury troponin-T and Cpk-Mb. From this 
first trial 15 patients from each group were selected ran- 
domly for the present research, using the computer pro- 
gram Cytools Excel Add-in for dosage of the following 
cellular components of inflammatory response: total 
leukocytes, neutrophils and monocytes. 

The Tmz was supplied to the patients after being 
masked with randomization in the proportion 1:1, inter- 
changed in blocks by the computer program Cytools Ex- 
cel add-in. The evaluators had no knowledge of which 
patients have had Tmz or placebo. The statistical studies 
were also made blindly, with other codes referring to 
Tmz/placebo, cracked only after statistical analysis. 

The patients have received the 60 mg dose of medica- 
tion/placebo divided into three daily intakes, begun with- 
in 12 and 15 days before the surgical procedure, all of 
them remaining with the drug/placebo intake for five to 
eight days after the surgery, totaling twenty days of 
medication/placebo usage. During this study, no side 
effects were detected that could be associated with tri- 
metazidine. 

The patients were submitted to an elective surgical 
treatment by a technique that involved transsternal me- 
dian sternotomy, dissection of the internal mammary 
artery, saphenous vein stripping, longitudinal pericar- 
diotomy, with the introduction of cannulas in the aorta 
and only one drain for the cava, in that sequence. The 
anastomoses of saphenous vein grafts were performed by 
two techniques. The first, distal anastomosis with occlu- 
sive clamping (tangential) of the aorta and cardiac arrest 
in anoxia, performing the distal and then still in circula- 
tion with tangential clamping of the aorta and proximal 
anastomosis. The second with occlusive aortic clamping 
for distal and proximal anastomoses. The extracorporeal 
circulation was held within a central moderated hypo- 
thermia (32˚C - 34˚C), and the myocardial protection 
established by a hypothermical blood cardioplegia (4˚C), 
infused in the aorta roots or directly into the coronary  

Copyright © 2013 SciRes.                                                                                WJCS 



G. F. MARTINS  ET  AL. 173

sinus. All the patients had a balanced general anesthesia, 
venous inhaling in closed circuit, with CO2 absorber 
(Soda-Lime) and mechanical ventilator. As an inhalation 
agent an isofluorane was used, with 50% oxygen blended 
with nitrous oxide. Of the venous drugs, the ones used 
were the hypnotics etomidate and midazolam; as opioid, 
fentanyl; and as muscle relaxant, pancuronium bromide.  

The samples for total leukocytes, neutrophils and 
monocytes were collected at IECAC-RJ (Brownstein 
Laboratories) at the following stages: in the absence of 
drugs in pre-operatory, 5 minutes after aortical declamp- 
ing straight from the right atrium, and within 12, 24 and 
48 hours after the surgical procedure, gathered in a cen- 
tral vein and analyzed by the ABX Pentra 60 (Horiba) 
equipment using three techniques: cytochemistry, im- 
pedance and photometric absorption. The results were 
checked through slide-reading by a qualified technician.  

The adopted criterium for significance determination 
was the 5% level. The statistical analysis was processed 
by the SAS 6.04 software (SAS Institute, Inc., Cary, NC), 
using the following methods: for a comparison of nu- 
meric variables between both groups a Student’s t-test 
was used, or the Mann Whitney test. In the comparison 
of categorial variables between both groups a Chi-square 
(2) test or the Fisher’s exact test was applied. In order to 
compare the behavior of variables in time per each of the 
treatment groups, a variance (ANOVA) for repeated 
measures analysis was made. The Bonferroni’s multiple 
comparison test was applied to identify the moments in 
which they differed among themselves and between the 
two groups.  

The study was approved by the IECAC-RJ Ethical 
Committee for Research. Its participants signed the In- 
formed Consent term and were monitored until medical 
discharge. 

The drug and the research material were provided by 
the author. The randomization, masking and usage of 
software were coordinated by a certified pharmacist of 
Federal University of Rio de Janeiro.  

3. Results 

3.1. General Profile of Sample 

Table 1 presents the general profile of thirty selected 
patients for inflammatory markers’ analysis, comparing 
the Tmz and placebo groups. Significant differences 
were not found between the two groups, implying ho- 
mogeneity. 

Table 2 shows the basal inflammatory variables analy- 
sis in which it can be verified that there is uniformity 
between the groups Tmz and placebo selected for the 
trial. 

Table 3 shows the analysis of the surgical variables. 
As it can be observed for the clinical and inflammatory  

Table 1. Clinical variations according to Tmz and placebo 
groups. 

Tmz Plac 
Variations 

N % N % 
p value

Males 10 66.7 12 80.0 0.34

Years (average ± SD) 59.0 ± 7.8 59.3 ± 5.8 0.91a

Trivascularb disease  11 73.3 10 66.7 0.50

Diabetes mellitus 2 13.3 2 13.3 0.70

HAS 9 60.0 10 66.7 0.50

Previous MI 3 20.0 5 33.3 0.34

Smoker or former smoker 7 46.7 10 66.7 0.23

SD: Standard Deviation; HAS: Arterial Hypertension; MI: Myocardial 
infarct. aStudent’s t-test for independent samples; bComparison of the 
trivascular disease related to the bivascular. 

 
variables, the groups also were homogeneous as to sur- 
gical procedures and ICU time.  

Tables 4 and 5 show the analysis of the surgical vari- 
ables of non-selected patients for this trial that were 
treated with Tmz and with placebo and the ones that 
were randomly selected, as described in the methodology 
section. It may be observed that the groups do not present 
significant differences in any of the analyzed variables.  

3.2. Analysis of the Leucocytes by Groups 

As it is shown in Figures 1 and 2, in the analysis of the 
leucocytes by groups, the levels of total leucocytes and 
of neutrophils are significantly inferior in the Tmz group, 
when compared to the placebo group (leucocytes, p = 
0.012, and neutrophils, p = 0.005). The same occurred in 
the evolution of these values when analyzed over time in 
each group separately (p = 0.0001).  

In Figure 3, it is asserted that the evolution of the 
monocytes levels in time happened significantly in each 
group singly (Tmz p = 0.003 and Placebo p = 0.0001). 
However, when compared, the groups haven’t substan- 
tially differed (p = 0.25).  

4. Discussion 

Leucocytes changes are present in all cardiovascular 
surgeries, increasing when extracorporeal circulation is 
utilized. In the last few decades, not many studies have 
analyzed the impact of drugs in the reduction of neutro- 
phils and monocytes and its correlation to clinical out- 
comes in the post-operatory.  

In this research, thirty patients indicated for CABG, 
bearing bi- and trivascular lesions and with regular or 
mildly compromised ventricular function, evaluated by a 
bidimensional transtoracic echocardiogram [18], were 
randomly selected. The inflammatory response was ana- 
lyzed through the following elements of cellular response: 
total leukocytes, neutrophils and monocytes in a prospec- 

Copyright © 2013 SciRes.                                                                                WJCS 



G. F. MARTINS  ET  AL. 

Copyright © 2013 SciRes.                                                                                WJCS 

174 

   
Table 2. Basal inflammatory variables analysis according to the group. 

Basal variable Group n Average SD Median Minimum Maximum p valuea 

Tmz 15 7220.0 1394.5 7300 4900 10600 
Leucocytes (u/L) 

Plac 15 6738.4 1502.1 6400 4700 9500 
0.37 

Tmz 15 4010.0 653.6 4095 2745 5124 
Neutrophils (u/L) 

Plac 15 3798.3 956.8 3623.2 2592 5696 
0.48 

Tmz 15 560.7 119.8 552 279 750 
Monocytes (u/L) 

Plac 15 543.6 260.1 540 128 1012 
0.81 

SD: Standard Deviation. aStudent’s t-test for independent samples, or Mann-Whitney’s. 

 
Table 3. Analysis of the surgical variables according to Tmz and placebo groups. 

Variable Group n Average SD Median Minimum Maximum p value 

Tmz 15 66.3 23.2 58 37 120 
Time of anoxia 

Plac 15 58.3 23.8 50 30 100 
0.22 

Tmz 15 82.7 24.2 80 43 130 
Time of ECC 

Plac 15 77.3 23.1 75 50 120 
0.56 

Tmz 15 170.7 45.3 160 50 250 
Cardiopl. volume 

Plac 15 162.7 59.3 150 100 300 
0.52 

Tmz 15 2.87 0.74 3.0 2 4 
No. of bypass 

Plac 15 2.93 0.59 3.0 2 4 
0.74 

Tmz 15 72.8 7.1 72 60 96 
Hours in ICU 

Plac 15 78.4 14.8 72 60 120 
0.25 

SD: Standard Deviation. 
 

Table 4. Analysis of the surgical variables according to the selected and non-selected groups treated with Tmz. 

Variable Selected n Average SD Median Minimum Maximum p value 

Yes 15 66.3 23.2 58 37 120 
Time of anoxia 

No 15 65.5 19.0 63 34 100 
0.78 

Yes 15 82.7 24.2 80 43 130 
Time of ECC 

No 15 74.5 19.5 75 40 110 
0.33 

Yes 15 170.7 45.3 160 50 250 
Cardiopl. volume 

No 15 165.3 54.0 150 100 250 
0.61 

Yes 15 2.87 0.74 3.0 2 4 
No. of bypass 

No 15 2.93 0.59 3.0 2 4 
0.74 

Yes 15 72.8 7.1 72 60 96 
Hours in ICU 

No 15 76.8 9.9 72 72 96 
0.17 

SD: Standard Deviation. 

 
tive protocol that had as a goal to examine the effects of 
trimetazidine (Tmz) in reducing these elements after the 
reperfusion and in the subsequent post-operatory.  

The cellular components in CABG-ECC were ana- 
lyzed in the moments considered of most clinical sig- 
nificance, that is, in pre-operatory without drugs, when 
this markers should not be altered; five minutes after 
aortic declamping, that characterizes the myocardial re- 
perfusion moment by recirculation of the hyperoxide 

radicals, having the samples collected directly in the right 
atrium in the surgical field; and within 12, 24 and 48 
hours in deep catheter positioned at the right atrium 
[19,20].  

The routine medications used as a treatment for coro- 
nary disease by the patients until the surgery day, when 
compared between groups, did not reveal significant dis-
similarities. It is also important to highlight that in 
post-operatory there were no complications and that the 
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Table 5. Analysis of the surgical variables according to the selected and non-selected groups treated with Tmz. 

Variable Placebo n Average SD Median Minimum Maximum p value 

Yes 15 59.3 5.8 58 46 67 
Age (years) 

No 15 63.1 7.2 66 51 72 
0.11 

Yes 15 58.3 23.8 50 30 100 
Time of anoxia 

No 15 67.8 28.2 60 42 156 
0.19 

Yes 15 77.3 23.1 75 50 120 
Time of ECC 

No 15 85.9 30.9 80 45 179 
0.37 

Yes 15 162.7 59.3 150 100 300 
Cardiopl. volume 

No 15 187.3 53.4 170 120 300 
0.20 

Yes 15 2.93 0.59 3.0 2 4 
No. of bypass 

No 15 3.13 0.74 3.0 2 4 
0.40 

Yes 15 78.4 14.8 72 60 120 
Hours in ICU 

No 15 75.2 11.5 72 60 96 
0.58 

SD: Standard Deviation. 
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Figure 1. Leukocyte over time according to treatment group. 
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Figure 2. Neutrophil (u/L) over time according to treatment group. 
 

patients didn’t need support with amines, transfusions or 
any other additional therapy. 

The comparison of clinical and basal leukocytary 
variables between the groups did not demonstrate sig- 
nificant differences (Tables 1 and 2), staying within nor- 

mality. Some authors describe a major incidence of atrial 
fibrillation when comparing patients with leukocytes 
elevation in pre-operatory, therefore making it necessary 
to observe changes in these components prior to surgery 
[21,22]. 
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Figure 3. Monocytes (u/L) in time according to treatment group. 
 

Albert et al. [21] analyzed the leukocytes values in 
pre-operatory in 7483 patients undertaking CABG-ECC, 
to examine the relation between elevated basal levels of 
leukocytes and the occurrence of an encephalic vascular 
accident (EVA). The authors verified that the pre-op- 
eratory values of leukocytes above 9 × 103/L were sig- 
nificantly related to the incidence of EVA in post-op- 
eratory.  

Fontes et al. [22] (2009) have analyzed a cohort of pa- 
tients aged ≥60 years, submitted by choice to CABG- 
ECC, their values of CRP and leukocytes having been 
evaluated prospectively up until the second day of post- 
operatory, and also the relation of these values to the 
development of atrial fibrillation. Values of total leuko- 
cytes over 7 × 103/L in pre-operatory have shown to be 
an independent predictor in the prevalence of atrial fib- 
rillation. 

The analysis of the surgical variables in the present 
study (Table 3) demonstrated that there aren’t significant 
differences between the Tmz and the placebo groups. 
The time of ECC and the aortic clamping time were simi- 
lar between the groups, also being inferior to the ones 
described in the literature [19,23].  

With the main goal of verifying eventual differences 
between study patients from Martins et al. [11] selected 
for this trial and the ones not selected, the analysis was 
extended to a comparison between these two groups not 
revealing, however, significant differences (Tables 4 and 
5). 

Some studies have demonstrated that leukocytes varia- 
tions during the initial stage of CABG include the reduc- 
tion of the serum C3 and C4 levels with concomitant 
increase in the levels of C3a, C3b and C5a; increase in 
histamine and IL8; and the loss of neutrophils, eosino- 
phils and basophils in the circuit and the peripheral blood, 
most likely through their migration to the subendothelial 
tissue stimulated by the inflammatory response [24,25]. 

The ischemia-reperfusion injury plays a very impor- 
tant part in the mediation of the complement’s activation 
[12]. The membrane attack complex (MAC) that grows 
in the final stage is observed more rapidly when reperfu- 
sion occurs. The association between neutrophils, endo- 
thelium and complement, the action of The complement 
in adhesion and infiltration of neutrophils, as well as the 
relation among complement, mitochondria and ischemia 
followed by reperfusion, are topics that address the re- 
perfusion relation to the activation of the complement 
pathways in oxidative stress. It might be considered that 
the activation of the complement plays an essential role 
in the initial stage of the inflammatory response at 
CABG-ECC, being this action the stimulation for neu- 
trophils activation [26]. 

When the physiopathological aspects of cardiovascular 
surgeries with and without ECC are analyzed in trials 
that compare the pro- and anti-inflammatory effects of 
these procedures, smaller inflammatory damages in the 
procedures without ECC become evident, with lesser 
increase in the polymorphonuclear leukocytes, but with 
no reduction of clinical outcomes of great magnitude 
such as mortality, strokes, myocardial infarctions and the 
need for reintervention [20,27,28] . 

In this essay, while analyzing the total leukocytes, 
neutrophils and monocytes in five distinct moments (5 
minutes, 6, 12, 24 and 48 hours), it was verified that the 
total leukocytes varied significantly when compared with 
the groups in the sample collecting hiatus, with lower 
values in the Tmz group relative to the placebo group (p 
= 0.012). Neutrophils also presented significantly low 
values in the Tmz group (p = 0.005). Monocytes values, 
however, did not achieve statistical significance when 
compared to the groups over the studied moments in time 
(p = 0.25). 

Utoh et al. [29] observed in patients submitted to 
CABG-ECC, conversions in complement and isolation of 
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leukocytes. The drop in the levels of neutrophils was 
verified in the initial stage of ECC, and an increase in the 
leukocytes with neutrophil predominance happened dur- 
ing the first post-op day. 

Lamm et al. [30] analyzed 253 patients in a prospec- 
tive study, submitted to cardiac surgery, establishing the 
incidence of atrial fibrillation in 39.1% related to a spike 
of 16.3 +/− 6.5 × 109/L from total post-operative leuko- 
cytes. 

In this study, the analyses of leukocytes and neutro- 
phils showed a significant raise of their levels in both 
groups in the moment of the aorta declamping. The 
maximum values were achieved at reperfusion and kept 
through 12 hours, not surpassing the values described in 
the Lamm [30] study, with progressive fall until 48 hours 
later, when they reached averages closer to normality, as 
observed in trials that compare cardiac surgery with and 
without ECC [1,20,31]. 

The inflammatory effects in CABG-ECC include the 
release of interleukin 6 and 8 and the complements C3a 
and C5a, that will act over the bone marrow cells, stimu- 
lating the production and release of leukocytes in the 
vascular bed increasing its levels in peripheral blood af- 
ter aortic unclamping [29,32,33].  

Little is known of the Tmz effects over the leukocytes 
dynamics in inflammatory response. Williams et al. [34] 
analyzed experimentally the inhibition of neutrophils by 
Tmz after myocardial ischemia injury and reperfusion, 
bearing evidence of a major myocardial accumulation of 
neutrophils after three hours from reperfusion, as well as 
circulating neutrophils in the control group.  

Martins et al. [35] evaluated in a prospective double- 
blind randomized and placebo controlled study, the ef- 
fects of Tmz on the inflammatory response, by using the 
variation in interleukins 6 and 8, TNF-α, complements 
C3 and C5, and highly sensitive C-reactive protein (HS- 
CRP) levels in the pre-and post-operative periods. The 
authors showed that interleukin 6 levels were signifi- 
cantly lower in the group treated as compared with those 
in the control group at all time points assessed and side 
effects were not found in any of the patients included in 
the study. 

Monti et al. [36] analyzed experimentally the Tmz ac- 
tion in blocking the release of endothelin-1. This action 
has as consequence a major nitrate production, leading to 
vasodilatation, but still demands more clarification as to 
the effects produced over neutrophils.  

Tritto et al. [37] demonstrated that Tmz is able to curb 
the activation of neutrophils and that the substance gives 
protection over injury mediated by them in ischemic 
hearts.  

Based on significant differences in the leukocytes and 
neutrophils levels between the group treated with Tmz 
and the placebo group observed in this study, it is possi- 

ble to suggest that Tmz does have a protective effect over 
the cardiac cell in ischemia injury and reperfusion, lead- 
ing to the reduction of the myocardial aggression mark- 
ers, of oxidative stress and, as a consequence, of inflam- 
matory response, limiting calcium accumulation, acidosis, 
the production of hyperoxide radicals and interleukin, 
resulting in a clinical benefit [11,37-40]. 

CABG-ECC is a good model to evaluate inflammation 
and the ischemia and reperfusion effect [20,37,38] when, 
with intermittent hypothermic cardioplegic solution, we 
attempt to protect the heart isolated in prolonged asystole. 
For this reason, the additional effect of Tmz as a pre- 
treatment in this process was also evaluated.  

5. Conclusions 

Trimetazidine, when administered as a pre-treatment to 
patients of CABG-ECC with intermittent hypothermic 
cardioplegia, promotes a decrease in the cellular response 
in inflammation, demonstrated by a significant reduction 
in total leukocytes and neutrophils.  

Dedications: I would like to thank Prof. Dr. Alexandre 
Lourenço Lopes (Pharmacology) for the placebo produc- 
tion, attendance to the masking process and randomiza- 
tion of the clinical essay; Prof. Rafael Nunes for blood 
analyses and organization of laboratorial results; and Prof. 
Dr. Maria do Carmo Lourenço-Gomes (Linguistics) for 
the text review of the Portuguese version of this article.  
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