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			Abstract

			Background: We have recently reported that polaprezinc which is a zinc delivery has an anti-inflammatory effect and improves cardiac function after acute myocardial infarction (AMI). As a secondary analysis, the aim of the present study was to evaluate if zinc concentration in blood affects anti-inflammatory effect and cardiac function after AMI.

			Methods: The primary study population included 50 patients with AMI. We equally divided the patients into two groups between the high group (H) and the low group (L) by blood concentration of zinc without relating to polaprezinc medication. The two groups were analyzed about cardiac function, cardiac enzymes, and the levels of the inflammation marker interleukin-6 (IL-6) as similar to the primary study.

			Results: The urine zinc levels of the H group were prominently higher than those of the L group at 8 days after PCI. The mean IL-6 level was strongly reduced in the H group (44.7(7.15-107.7) pg/mL vs. 130(19.6-384.25) pg/mL, respectively; p<0.05). As for the days of decline of both CRP and WBC, there were significant differences between the two groups (Figure 2). In addition, echocardiography indicated that the EF of the H group was clearly increased between day 3 and 9 months post-MI (54.5(50.5-59.75)% vs. 62(55-70)%, respectively; p<0.01).

			Conclusions: The present study suggests that high concentration of zinc has an anti-inflammatory effect and improves cardiac function after AMI.
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			Abbreviations: AMI: Acute Myocardial Infarction; PCI: Percutaneous Coronary Intervention; IL-6: Interleukin-6; CPK: Creatine Phosphokinase; EF: Ejection Fraction; CRP: C-Reactive Protein; LVDd: Left Ventricular End-Diastolic Dimension; LVDs: Left Ventricular End-Systolic Dimension; BMS: Bare Metal Stent; DES: Drug Eluting Stent; BMI: Body Mass Index; DM: Diabetes Mellitus; WBC: White Blood Cell; ZIP: Zrt, Irt-Like Protein; ZnT: Zinc Transporter
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			Introduction

			Zinc is one of the most abundant trace elements in the human body [1,2]. It is involved in antioxidant activity, immunity and inflammation [3-5]. Acute myocardial infarction (AMI) is a major cause of death worldwide [6,7]. It has recently been reported that zinc supplementation attenuates cardiac remodeling after experimental myocardial infarction in rats through implementing [8]. Several studies have indicated that intracellular zinc homeostasis is tightly regulated by two known classes of zinc transporters [9,10]. One of the transporters, Zrt, Irt-like protein 

(ZIP), has functions in the uptake of zinc into the cytoplasm of cell from either the extracellular space or from intracellular organelles [10]. The other one, Zinc transporter (ZnT), moves zinc from the cytoplasm to the outside of the cell or into the lumen of intracellular organelles [11]. It has been reported that the transporters are markedly abundant in human heart muscle tissues [12], and intracellular zinc level is decreased during reperfusion injury in cardiomyocytes due to lowered expression of ZIPs [13]. It is highly possible that intracellular zinc level of cardiomyocytes should be decreased in infarcted hearts. Therefore, supplementation of zinc may be useful for the patients with AMI. We thus performed a study using a zinc derivative, polaprezinc (Zeria Pharmaceutical Co., Ltd., Tokyo, Japan) for the patients with AMI previously. The patient group taking polaprezinc was significantly increased zinc concentration in both blood and urine, and reduced the level of inflammation marker IL-6 compared to the other control group without polaprezinc. In addition, the ejection fraction (EF) of the polaprezinc group was prominently augmented compared to the non-polaprezinc group in echocardiography. Subsequently, we demonstrated that polaprezinc had an anti-inflammatory effect and improves cardiac function after AMI [14]. However, there were some patients showing high concentration level of zinc in blood and urine without polaprezinc medication in the primary study indeed. Particularly, one patient was consuming daily a large amount of green tea containing high levels of zinc [14]. Although this patient was in the control group, the zinc level in his peripheral blood and urine were much higher than the average level in the polaprezinc group [14]. Conversely, there were some patients showing the low level of zinc in spite of taking polaprezinc [14].

			Accordingly, we performed a secondary analysis of our previous study. The aim of the present study was to evaluate if zinc concentration in blood affects anti-inflammatory and cardiac function post-AMI by dividing into two groups, high concentration of zinc group and low concentration of zinc group.

			Methods

			The primary study population included 50 patients with initial ST elevation myocardial infarction between September 2011 and July 2014. The patients underwent PCI successfully within 12 h from the onset of AMI. After PCI, they were randomly administered 75 mg of polaprezinc twice a day for 9 months. Peripheral blood and urinary samples were collected in a specific time to analyze the zinc concentration, cardiac enzymes, and the level of inflammation markers (including IL-6) at 8 days after PCI. All patients administered statin from 8 days after PCI. To evaluate the cardiac function in terms of the EF, LVDd, and LVDs, echocardiography was performed upon admission to the hospital and at 9 months post-AMI. The LVDd and LVDs were determined according to the guidelines of the American Society of Echocardiography. The EF was estimated using the modified Simpson method.

			In the present study, 4 patients were excluded from the primary study because they had been not analyzed the zinc concentration in blood. We thus enrolled 46 eligible patients, and they were equally divided into two groups between high concentration of zinc group (H group, n=23) and low concentration of zinc group (L group, n=23) according to the median serum zinc concentration of 93 mg/dl as a standard. Here we analyzed two groups with the difference of zinc concentration in blood on anti-inflammatory effect and cardiac function after AMI.

			Percutaneous coronary interventions

			All patients received a single dose of 300 mg clopidogrel and 200 mg aspirin pre-PCI. Heparin was also administered in the catheterization laboratory. After PCI, patients continued to take 100 mg aspirin and 75 mg clopidogrel daily until the follow-up study. The PCI was performed according to the transfemoral, transradial, and transbrachial approaches, and the puncture was performed using 6 F or 7 F sheaths, as shown in Table 1. If necessary, an aspirator was used during PCI, such as TVAC (Nipro®, n=17) and Thrombuster (Kaneka®, n=21). The bare metal stents (BMS) used included Driver (Medtronic®, n=2), Liberte (Boston Scientific®, n=1), S-Stent (St. Jude Medical®, n=2), and Integrity (Medtronic®, n=7). The drug eluting stents (DES) used included Nobori (Terumo®, n=15), Endeavor (Medtronic®, n=4), Resolute (Medtronic®, n=3), Xience (Abbott®, n=6), and Promus (Boston Scientific®, n=6). Significant differences were not detected in the number of responsible branches for AMI (Table 1).
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							H group

						
							
							L group

						
							
							p

						
					

					
							
							Patient’s character

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Age

						
							
							64[47-71]

						
							
							72[61-83]

						
							
							<0.01

						
					

					
							
							Male rates

						
							
							95.7%

						
							
							69.6%

						
							
							<0.05

						
					

					
							
							Smoking rates

						
							
							43.5%

						
							
							47.8%

						
							
							1.000

						
					

					
							
							Height(cm)

						
							
							167[158-172]

						
							
							162[153-173]

						
							
							0.397

						
					

					
							
							Weight(kg)

						
							
							71[62-80]

						
							
							59[54-68]

						
							
							<0.01

						
					

					
							
							BMI

						
							
							25.2[23.8-26.7]

						
							
							22.8[19.8-25.8]

						
							
							<0.01

						
					

					
							
							Sys. pressure (mmHg)

						
							
							120[110-138]

						
							
							120[110-128]

						
							
							0.559

						
					

					
							
							Dias. Pressure (mmHg)

						
							
							70[62-82]

						
							
							68[63-75]

						
							
							0.523

						
					

					
							
							Maximal CPK(U/L)

						
							
							1628[1012-2916]

						
							
							2086[793-3480]

						
							
							0.468

						
					

					
							
							HbA1c (%)

						
							
							5.6[5.2-6.0]

						
							
							5.6[5.4-5.9]

						
							
							0.698

						
					

					
							
							LDL-cho (mg/dL)

						
							
							126.5[100.8-139]

						
							
							112[87-144]

						
							
							0.400

						
					

					
							
							HDL-cho (mg/dL)

						
							
							46[40-55.3]

						
							
							51[36-60]

						
							
							0.846

						
					

					
							
							Creatinine (mg/dL)

						
							
							0.85[0.78-0.99]

						
							
							0.92[0.73-1.1]

						
							
							0.841

						
					

					
							
							UA(mg/dL)

						
							
							5.6[4.7-6.8]

						
							
							5.4[4.6-6.8]

						
							
							0.947

						
					

					
							
							Medication of HT

						
							
							43.5%

						
							
							60.9%

						
							
							0.376

						
					

					
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Responsible branches for AMI

						
							
							 

						
							
							 

						
							
							0.446

						
					

					
							
							LAD

						
							
							39.1%

						
							
							56.5%

						
							
							 

						
					

					
							
							LCX

						
							
							13.0%

						
							
							13,0%

						
							
							 

						
					

					
							
							RCA

						
							
							47.8%

						
							
							30.4%

						
							
							 

						
					

					
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Sheath size

						
							
							 

						
							
							 

						
							
							0.763

						
					

					
							
							6Fr

						
							
							65.2%

						
							
							56.5%

						
							
							 

						
					

					
							
							7Fr

						
							
							34.8%

						
							
							43.5%

						
							
							 

						
					

					
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Approach site

						
							
							 

						
							
							 

						
							
							0.795

						
					

					
							
							TFA

						
							
							65.2%

						
							
							73.9%

						
							
							 

						
					

					
							
							TRA

						
							
							30.4%

						
							
							21.7%

						
							
							 

						
					

					
							
							TBA

						
							
							4.3%

						
							
							4.3%

						
							
							 

						
					

					
							
							Aspiration catheter

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							TVAC/Thrombuster

						
							
							82.6%

						
							
							82.6%

						
							
							1.000

						
					

					
							
							 

						
							
							 

						
							
							 

						
							
							 

						
					

					
							
							Stent/POBA

						
							
							 

						
							
							 

						
							
							 0.513

						
					

					
							
							BMS

						
							
							30.4%

						
							
							21.7%

						
							
							 

						
					

					
							
							DES

						
							
							65.2%

						
							
							65.2%

						
							
							 

						
					

					
							
							POBA

						
							
							4.3%

						
							
							13.0%

						
							
							 

						
					

				
			

			Statistical Analysis

			Continuous data are presented as the median with interquartile range, and categorical data are presented as the number (percentage). The present study had a small sample size, and thus non-parametric statistical analysis methods were employed. Differences between continuous variables were analyzed using Mann-Whitney U-test. Categorical data were compared using Fisher’s exact test. Mann-Whitney U-test was used to compare the EF, LVDd, and LVDs detected by echocardiography during the follow-up. A p value of less than 0.05 was considered to indicate a statistically significant difference. All statistical analyses were performed with EZR software (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [15].

			Results

			In more detail, there contained 16 people who took polaprezinc and 7 people who did not take polaprezinc in the H group (n=23). On the other hand, there contained 8 people who took polaprezinc and 15 people who did not take polaprezinc in the L group (n=23). There was some statistical significance in the clinical characteristics at the baseline which was detected between the H and the L groups (Table 1). A number of young patients (p<0.01), male rate (p<0.05) and BMI of patients (p<0.01) were observed in the H group compared to the L group. It is established that CPK is used as a marker for myocardial infarct size [16-18]. In the primary study, there was a problem for data analysis because there had a significance in the maximal (MAX) CPK between two groups [16]. In that case, we needed to rectify other biochemical markers by the significant difference of MAX CPK [16]. In the present study, there was not difference between the maximal CPK in the H group and in the L group. It suggests that there had the same level of cardiac muscle injury after myocardial infarction, and that we did not need to correct the data between two groups.

			By the zinc concentration in blood, the patients were clearly divided at the 93µg/dL into the H group and the L group (105(96-114) vs. 77(64-84) µg/dL, respectively; p<0.01) at 8 days after AMI (Figure 1A). The urine zinc level of the H group was significantly higher in comparison to that of the L group (945(738-1780) vs. 653(474-1030) µg/L, respectively; p<0.01) (Figure 1B).

			Recent studies have shown that inflammatory markers, such as CRP and IL-6, are more important than maximal CPK as prognostic factors of AMI [19,20]. Thus, IL-6 level, CRP and WBC were also analyzed. We measured the days of decline CRP, WBC, CK and AST. As for AST and CK, there were no significant differences between the two groups (Figure 2). However, as for CRP and WBC, there were significant differences between the two groups (Figure 2). An important inflammatory cytokine, IL-6 was also measured as shown previously. IL-6 was significantly lower in the H group than that in the L group, as shown in Figure 3 (28.9(6.9-94.0) pg/mL vs. 157(22.2-379) pg/mL, respectively; p<0.05). About the cardiac function, there had no difference in LVDd (Figure 4A), LVDs (Figure 4B) and EF (Figure 4C) in the L group between day 3and 9 months post-AMI in echocardiography. By contrast, echocardiography indicated that the EF of the H group was significantly increased between day 3and 9 months post-MI (55(51.5-60.3) % vs. 62(55-70) %, respectively; p<0.01) (Figure 4C). By 9 months post-AMI, 2 patients were lost to follow-up in the H group and 1 patient was lost to follow-up in the L group, since these 3 patients were followed up by other hospitals after moving.
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			Discussion

			In the original study, there were differences of the MAX CPK between in the control group and in the polaprezinc group [14]. In that case, we needed to rectify the IL-6 value by the significant difference of the MAX CPK. Because in the present study there was no difference between the MAX CPK in the H group and in the L group, we did not need to correct the biochemical markers.The days of decline CRP and WBC in the H group was less than those of the L group (Figure 2). Also, the L-6 value was significantly lower in the H group than that in the L group, as shown in Figure 3. These results indicate that an inflammatory reaction was significantly suppressed in the H group. It is well known that statin drugs can reduce inflammation in AMI [21]. However, statin is not involved in this study about the results entirely, because statin medication was started 8 days after AMI in this study until taking blood for examination of IL-6. Moreover, the present study suggests that the serum high level of zinc significantly reduced directly the IL-6 value, not limited to medication of polaprezinc.

			In the primary study, the male rate was not significant between two groups (polaprezinc group and control group). However, the male rate in the H group was higher than in the L group in this secondary study. Ministry of Health, Labor and Welfare in Japan recommended intake of 10 mg/day and 8 mg/day for adult males and females, respectively [22]. It seems to be different in the metabolism of zinc between men and women. The tendency of gender difference in the level of zinc may be preserved in the patients with AMI. Moreover, compared to the patients of the H group, the age and the BMI value of patients were lower in the L group. Although there was a difference in the BMI of the AMI patients between two groups in our previous study, there was no difference in the age between them [14]. The recent studies have showed that elderlies are prone to zinc deficiency [23,24]. Possibly, young people may be able to retain the zinc in the body, and the concentration of zinc becomes lower with the advance of age. In terms of BMI, it already reported that Zn levels in obese patients were significantly lower than in healthy controls [25]. Our result was different from the previous study of Italy [25]. In general, adult obesity is highly connected to progression of atherosclerosis and epidemiological evidence suggests that overweight and obesity have been associated with acute myocardial infarction [26,27]. In this study, the patients with AMI contained more young people (under 65) in the H group compared to the L group (52.1% vs 34.7%). It is conceivable that the age may be involved in the relationship between the BMI and Zinc level in the H group.

			In addition, it has recently been focused that AMI is correlation with inflammation [28]. Our previous first study demonstrated that IL-6, a critical inflammation biomarker was lowered in the group which took polaprezinc [14]. However, this mechanism is still not clarified. In this analysis, the high group of zinc concentration had an effect on suppressing not only IL-6 (Figure 3) but also WBC and CRP (Figure 2). IL-6 is made mainly by one type of white blood cell, the macrophage [29]. Furthermore, it is known that several cytokines increased in response to the breakdown of myocardial tissue promote the production of CRP [30]. Therefore, this study suggests that zinc may inhibit inflammatory reaction by suppression of WBC function in the beginning in AMI patients. Further studies are required to clarify the suppressive effect of zinc on IL-6 production.

			The present study showed that the high serum level of zinc significantly improved the EF in post-AMI patients (Figure 4C). Therefore, we assume that zinc may be involved in the process to repair cardiac muscle after AMI. Recently, Willson et al. [31] also stated that zinc deficiency plays a major causal role for apoptosis in the pathology of in the skin [31]. Also Lizzi et al. [32] has reported that the potential role of autophagy as a mediator of the protective effects of zinc [32]. It suggests that zinc may protect a cardiomyocyte by regulating cell death after myocardial infarction.

			Study Limitations

			The present study has several limitations. First, the sample size was fairly small. The limitations of this study also include the absence of a multicenter trial and significant differences in the percentage of BMI and age between the two groups. In addition, the study excluded patients with severe MI or inflammation disease. Furthermore, four patients were lost to follow-up during the study. Finally, the PCI procedures were performed by multiple doctors. 

			Conclusion

			Preserving serum high concentration of zinc improved cardiac function post-AMI. This effect may be due to anti-inflammatory processes through the suppression of IL-6. In particularly, elderly patients has a tendency of zinc deficiency, they should be provided zinc ingredient and supplement.
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Figure 3: Evaluation of inflammation. IL-6 was measured 8 days after PCI
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