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Background: Pre-infarction angina reduces myocardial infarct size by preventing the myocardium from being

subjected to ischemia reperfusion (I/R) injury. Ischemic preconditioning is the proposed mechanism for this effect.

Sphingosine 1 phosphate (S1P) activates ischemic preconditioning pathways and may play a role in the presence of

cardioprotective effects of pre-infarction angina. Therefore, we evaluated the relationship between pre-infarction

angina and serum S1P levels.

Methods: Between May 2011 and January 2012, 79 patients with acute myocardial infarction were included in the

study. In addition to taking routine medical histories, all of the patients were questioned as to whether or not they

had pre-infarction angina. We determined patients serum levels of S1P at admission and discharge, and peak

creatine kinase MB and troponin levels were also measured in the pre-infarction angina positive and negative groups.

Results: Of the 79 patients included in the study, 36 had pre-infarction angina and 43 had not. Baseline characteristics

were similar between the groups. The median level of serum S1P in patients with pre-infarction angina was

significantly higher than in those without pre-infarction angina both at admission and discharge [0.54 (0.14-1.35)

vs. 0.26 (0.12-0.62) p = 0.014/0.51 (0.20-1.81) vs. 0.30 (0.13-0.68) p = 0.010]. Serum high sensitive troponin levels

were significantly lower in patients with pre-infarction angina [0.97 (0.39-3.07) vs. 2.56 (0.9-6.51) p = 0.034].

Serum S1P levels both at admission and discharge tended to be higher in patients with more angina episodes, but

the differences between these subgroups were not statistically significant.

Conclusions: Patients who experienced pre-infarction angina had higher serum S1P levels than patients without

pre-infarction angina. This study supported our hypothesis that the cardioprotective effects of pre-infarction

angina may in part be mediated by S1P.
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INTRODUCTION

Revascularization reduces myocardial injury dra-

matically in the setting of an acute myocardial infarc-

tion. However, restoration of blood flow may paradoxi-

cally result in further damage to the myocardium.
1

This

phenomenon, known as ischemia reperfusion (I/R) in-

jury, leads to a continuity of cellular death by activating

the cellular apoptotic pathways.

As general knowledge in the medical community

about I/R injury has increased, many studies have care-

fully reviewed the mechanism of myocardial injury and

attempted to slow down or stop the pathways which

lead to cell death. Since first described by Murry et al.,
2

ischemic preconditioning has become the most viable

approach to reduce I/R injury. Theoretically, ischemic
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preconditioning can be defined as transient, sublethal

ischemic episodes rendering the myocardium more re-

sistant to a sustained, lethal ischemic period. Adeno-

sine,
3,4

bradykinin
5

and opioid agonists
6

all seem to be

associated with myocardial preconditioning.

Sphingosine 1 phosphate (S1P) is an active metabolite

of sphingolipid metabolism, and has functions in intra-

cellular calcium mobilization, cytoskeletal organization,

angiogenesis, cellular differentiation and survival.
7

The

source of circulating S1P is red blood cells, platelets, leuko-

cytes, and endothelial cells.
8-10

S1P binds to plasma pro-

teins, particularly to high-density lipoprotein (HDL) in cir-

culation.
11

It has been shown that exogenous or endoge-

nous S1P serves as an important cardioprotectant.
12,13

Pre-infarction angina can be used as a surrogate

marker of ischemic preconditioning. Napoli et al. showed

that new angina preceding acute myocardial infarction

is associated with lower cardiac marker levels and better

contractile recovery.
14

S1P is an important cardioprotective molecule which

activates preconditioning pathways. The cardioprotec-

tive effects of pre-infarction angina may be mediated by

endogenous release of S1P. The relationship between

pre-infarction angina and serum S1P levels remains

largely unknown. So we aimed to evaluate the relation-

ship between pre-infarction angina and serum S1P levels.

METHODS

Between May 2011 and January 2012, 79 patients

with acute myocardial infarction were enrolled into the

study. Patients who were diagnosed with unstable an-

gina whose cardiac markers did not rise and who had a

history of previous myocardial infarction, surgical or

percutaneous revascularization and malignancy were

also excluded from the study. The presence, onset, dura-

tion and number of the pre-infarction angina episodes

were recorded while taking anamnesis by asking ques-

tions like: ‘what is your complaint that was the basis of

your admission to emergency services? When did your

chest pains start, what was the duration of your pain,

have you ever had any pain like this one before, and was

this the first pain that you ever had like this? Did you

have similar complaints previously during the last se-

veral days? If you had any pain previously what was the

duration of your pain, when did it start, what was the

minimum and maximum durations of your pains, and

how many times did you have pain like this?’ to each pa-

tient. Serum samples were collected for S1P analysis

upon admission to the coronary care unit and again be-

fore discharge. Thirty minutes after blood samples were

obtained, the samples were centrifuged at 6000 rpm,

and serum was removed and frozen at -80� Celcius.

Measurement of S1P was made with S1P Elisa Kits

(Echelon Biosciences, Utah, USA). All samples were

processed simultaneously. High sensitive troponin T

(ROCHE Diagnostics) and creatine kinase MB (CKMB)

levels were processed every six hours until peak levels of

these cardiac markers were noted. Fasting blood glu-

cose, blood urea nitrogen (BUN), creatinine, total cho-

lesterol, low-density lipoprotein (LDL), HDL, triglyceride

(TG), glycated hemoglobin (HbA1c) were also recorded.

Additionally, an echocardiographic examination was

performed on all patients before discharge.

All patients underwent conventional coronary angio-

graphy. The treatment of patients (primary percutaneous

coronary intervention, fibrinolytic treatment and me-

dical treatment) was performed according to current

scientific knowledge. Coronary collateral circulation pro-

vides a cardioprotective effect other than ischemic pre-

conditioning pathways. Therefore, patients who had

collaterals at infarct-related artery territory were ex-

cluded from S1P analysis.

Statistical analysis

The results were expressed as mean � standard

deviation, median-interquartile range and percentile

values. All assumptions done before statistical analysis

and suitable parametric or non parametric tests were

chosen according to assumptions. Comparisons of the

continuous variables were done with the unpaired Stu-

dent’s t-test and the Mann-Whitney U test. The chi-

square test was used to assess the significance of the

difference between dichotomous variables. The correla-

tion of the S1P levels with the cardiac markers were

analyzed with the use of Spearman’s Rho correlation.

The Kruskal-Wallis H test was used to evaluate the sig-

nificance between more than two independent vari-

ables. The SPSS (Statistical Package for the Social Sci-

ences Program) for Windows version 17.0 was used for

statistical analysis.
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The study protocol conformed to the ethical guide-

lines of the 1975 Declaration of Helsinki, and was ap-

proved by the local ethics committee. Informed consent

was also obtained from all participants.

RESULTS

A total of 86 patient serum samples at admission

and discharge were collected for S1P analysis, but 7 pa-

tients (four with pre-infarction angina) were removed

from analysis due to coronary collateral circulation at

the infarct-related artery territory. Overall, 79 patients

were included in the study. Of these 79 patients, 54

(68.3%) had ST-segment elevation myocardial infarction

(STEMI), and 25 (31.7%) had non-STEMI (NSTEMI). Base-

line characteristics of the patients are given in Table 1.

Blood samples were collected an median of 155

(from 60-392) minutes after the onset of the chest pain.

Thirty six of the 79 patients had pre-infarction angina.
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Table 1. Baseline characteristics of study patients

Overall

(n = 79)

Pre-infarction angina

positive (n = 36)

Pre-infarction angina

negative (n = 43)
p

Age (years) 55.1 � 10 55.8 � 11.2 54.4 � 9.4 0.549

Gender (Male), n (%) 66 (83) 29 (80) 37 (86) 0.512

Hypertension, n (%) 37 (46) 18 (50) 19 (44) 0.606

Diabetes, n (%) 31 (39) 14 (38) 17 (39) 0.953

Hyperlipidemia, n (%) 24 (30) 09 (25) 15 (34) 0.341

Smoking, n (%) 54 (68) 26 (72) 28 (65) 0.499

Family history, n (%) 18 (22) 8 (22) 10 (23) 0.913

MI type (STEMI), n (%) 54 (68) 23 (63) 31 (72) 0.435

Time of arrival to CCU (minutes) (median-IQR) 155 (60-392) 180 (60-480) 150 (60-360) 0.846

Fasting blood glucose (mg/dl) (mean � SD) 138 � 62 141 � 49 136 � 73 0.760

BUN (mg/dl) (mean � SD) 18 � 10 18 � 10 019 � 11 0.652

Creatinine (mg/dl) (mean ±SD) 00.8 � 0.2 0.8 � 0.3 00.8 � 0.1 0.718

HbA1c (%) (mean � SD) 07.3 � 1.7 07.1 � 1.8 07.4 � 1.7 0.638

Total cholesterol (mg/dl) (mean � SD) 194 � 42 197 � 44 191 � 40 0.524

HDL (mg/dl) (mean � SD) 39 � 9 39 � 8 38 � 8 0.543

LDL (mg/dl) (mean � SD) 126 � 34 128 � 36 124 � 31 0.639

TG (mg/dl) (mean � SD) 148 � 94 139 � 78 0155 � 106 0.471

ECG changes, n(%)

Anterior 35 (44)0. 17 (47)0. 18 (41)0.

0.790

Treatment modality at discharge, n (%)

PCI 54 (68.3) 23 (63.8) 31 (72)0.

CABG 13 (16.4) 08 (22.2) 05 (11.6)

Medical follow 12 (15.1) 05 (13.8) 07 (16.2)

0.449

Culprit lesion; n (%)

LAD 37 (46.8) 16 (44.4) 21 (48.8)

RCA 25 (31.6) 10 (27.7) 15 (34.8)

CX 17 (21.5) 10 (27.7) 07 (16.2)

0.450

Number of diseased vessels, n (%)

Single vessel 39 (49.3) 17 (47.2) 22 (51.1)

Two vessel 26 (32.9) 10 (27.7) 16 (37.2)

Three vessel 14 (17.7) 9 (25). 05 (11.6)

0.277

BUN, blood urine nitrogen; CABG, coronary artery bypass grafting; CCU, coronary care unit; CX, circumflex; ECG, electrocardiography;

HDL, high density lipoprotein; IQR, interquartile range 25-75; LAD, left anterior descending; LDL, low density lipoprotein; MI,

myocardial infarction; PCI, percutaneous coronary intervention; RCA, right coronary artery; SD, standard deviation; STEMI, ST-

segment elevation myocardial infarction; TG, triglyceride.



The median duration of pain in these patients was 7

(4.25-18.75) days and median number of pain episodes

was 4 (2-6) times.

Serum S1P, CKMB, high sensitive troponin levels and

ejection fractions of the patients are given in Table 2.

The median level of admittance serum S1P in patients

with pre-infarction angina was significantly higher than

in those patients without pre-infarction angina. Median

level of serum S1P at the discharge was also significantly

higher in patients with pre-infarction angina compared

to the patients without pre-infarction angina. The peak

level of high sensitive troponin was significantly lower in

patients with pre-infarction angina. However, the peak

level of CKMB and left ventricular ejection fraction were

similar between the groups.

We examined whether there was any relationship

between serum S1P levels and cardiac markers. Al-

though there was an inverse association between CKMB

and high sensitive troponin levels with both admission

and discharge S1P levels, these correlations were not

statistically significant (Figure 1).

We also examined whether there was any relation-

ship between angina episode frequency and serum S1P

levels. We determined that median serum S1P level at
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Figure 1. A and B show the relationship between S1P and high sensitive troponin levels. C and D show the relationship between S1P and CKMB

levels. Spearman’s Rho respectively: -0.084, -0.119, -0.168, -0.160 S1P, sphingosine 1 phosphate. CKMB, creatine kinase MB.

Table 2. Serum S1P, CKMB, high sensitive troponin levels and ejection fractions of two groups

Pre-infarction angina positive

(n = 36)

Pre-infarction angina negative

(n = 43)
p

Admission S1P �M (median-IQR) 0.54 (0.14-1.35) 0.26 (0.12-0.62) 0.014

Discharge S1P �M (median-IQR) 0.51 (0.20-1.81) 0.30 (0.13-0.68) 0.010

Peak CKMB U/L (median-IQR) 60.5 (34.7-130.7) 087.0 (44.0-145.0) 0.635

Peak high sensitive troponin ng/dl (median-IQR) 0.97 (0.39-3.07) 2.56 (0.9-6.51)0 0.034

EF % (median-IQR) 50 (39-53)0. 47 (40-50)0. 0.956

CKMB, creatine kinase MB, EF, ejection fraction; IQR; interquartile range 25-75; S1P, sphingosine 1 phosphate.

A B

C D



the admission was 0.26 (0.12-0.62) �M in patients with-

out pre-infarction angina, 0.40 (0.13-0.79) �M in pa-

tients who experienced one or two angina episodes,

0.74 (0.19-1.39) �M in patients who had three or more

angina episodes. S1P levels upon discharge were 0.30

(0.13-0.68) �M, 0.31 (0.16-0.82) �M, and 1.00 (0.22-

1.89) �M, respectively. Serum S1P levels both at ad-

mission and discharge tended to be higher with more

angina episodes, but this difference did not achieve sta-

tistical significance.

DISCUSSION

In the present study, we showed that patients who

experienced pre-infarction angina had significantly higher

serum S1P levels than patients who had not. This finding

supports our hypothesis that cardioprotective effects of

pre-infarction angina may partially be mediated by S1P.

The role of S1P in ischemic preconditioning, and its

cardioprotective effects have been demonstrated in ani-

mal studies. It is known that endogenous mediators

activate some intracellular kinases in the process of

preconditioning. These kinases open mitochondrial KATP

channels and prevent the opening of the mitochondrial

permeability transposition pores. The net effect of this

process is stabilization of mitochondria and eventual

cellular survival. In an experimental study, the negative

effects of severe hypoxia on myocardial cell viability

were prevented in rat myocytes after preincubating with

S1P, resulting in survival equivalent to normoxemic

state. This cardioprotective effect of S1P was abolished

with a mitochondrial KATP channel antagonist. This study

demonstrated that exogenous S1P reduces the myocar-

dial infarct size in the hypoxemic state and this effect

involves signaling mechanisms requiring mitochondrial

KATP channel opening.
12

Vessey et al. showed that S1P is

an important cardioprotective molecule both in pre-

conditioning and postconditioning. Its effect was blocked

with G protein cell receptor antagonist and inhibition of

phosphatidil inositol 3 kinase.
15

It has been demon-

strated that not only exogenous but also endogenous

release of S1P provides important cardioprotection.
13

Our findings are consistent with that data suggesting

patients with pre-infarction angina had higher serum

S1P levels and lower cardiac troponin levels as an in-

dicator of smaller infarct size.

There have been human studies evaluating S1P le-

vels in patients with coronary artery disease. Deutschman

et al. evaluated serum S1P levels in 308 patients under-

going coronary angiography for any indications. They

found that S1P is a strong predictor for both occurrence

and severity of coronary artery disease.
16

In another

study Sattler et al. evaluated S1P and HDL levels in pa-

tients with MI, stable coronary artery disease (CAD) and

control groups. They found that plasma S1P levels are

lower in stable CAD patients than in controls. They also

found that non HDL bound S1P is significantly higher in

myocardial infarction (MI) and stable CAD patients than

controls, and that non HDL bound S1P is correlated with

the severity of coronary atherosclerosis.
17

Knapp et al.

evaluated S1P levels between control patients and acute

MI patients. S1P levels were significantly lower in acute

MI patients.
18

All of these studies demonstrate that se-

rum S1P levels are significantly lower in acute MI pa-

tients than in control groups and this finding can be con-

cluded as these low S1P levels can diminish the ex-

pected cardioprotection. But none of these studies pro-

vide any insight as to the role of S1P in human precondi-

tioning because they were not designed to demonstrate

the role of S1P in preconditioning. Our study demon-

strated that S1P levels are increasing with sublethal

ischemia-reperfusion cycles (pre-infarction angina posi-

tive group). This finding can support the role of S1P in

human preconditioning.

We evaluated the relationship between serum S1P

levels and CKMB/troponin levels. We found that serum

CKMB and troponin levels decrease with the increase of

serum S1P levels, but this negative correlation is not

statistically significant. It has been shown that S1P has

reduced infarct size in an animal study.
19

Our result sup-

ports these findings, and the relatively lower number of

patients included in the study may be the cause for the

lack of statistical significance.

With this study, we found that serum S1P levels are

increasing as the number of angina episodes increases.

Patients who have three or more angina episodes have

serum S1P levels two times higher than patients who

have not pre-infarction angina. In addition, S1P levels

tend to be higher in patients with three or more angina

episodes compared to those patients with one or two

angina episodes. Ischemic preconditioning pathways
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seem to be more active with increased sublethal is-

chemia reperfusion cycles. Again, however, the low

number of patients included in the study seems to be

the cause for the lack of statistical significance.

We found that serum S1P levels are significantly

higher in patients with pre-infarction angina both upon

admission to and discharge from the hospital. The aim

of admission and discharge S1P measurement was to

explore the effects of S1P both at early and late pre-

conditioning phase. The first serum samples were ob-

tained with an average of 323 minutes after onset of

infarction symptoms. Egom et al. examined the effect of

preconditioning to serum sphingoid base levels in elec-

tive PCI patients.
20

They examined long chain sphingoid

base levels by taking blood samples before the index

ischemia, at the first minute of ischemia, the fifth minute

of ischemia and the twelfth hour of ischemia. They found

significant increase of long chain sphingoid base levels in

both coronary sinus and peripheral venous blood sam-

ples from the beginning of first minute and the signifi-

cant high S1P levels continued at twelfth hour also. This

study supports that sphingolipids are functionally active

both at the early and late phase of preconditioning.

Limitations

One of the most important limitations of our study

is the subjective nature of pre-infarction angina. If we

had more accurate methods by which to assess precon-

ditioning, we might obtain more accurate results. But in

clinical practice, there is no other parameter which can

be used as an indicator of ischemic preconditioning ex-

cept pre-infarction angina in patients presenting with

acute MI. Lack of silent ischemia detection and evalua-

tion is another limitation. In patients without pre-infarc-

tion angina, silent ischemia may be present and this

may activate the mechanism of ischemic precondition-

ing. This could explain the high levels of S1P in some

patients without pre-infarction angina. S1P enzyme-

linked immunosorbent assay kits which we used can de-

tect only albumin-bound S1P; HDL-bound S1P cannot be

detected. HDL is the most important carrier of S1P, and

albumin is generally considered the second. So we can-

not detect a significant proportion of S1P. This is another

limitation of our study. But as we discussed above, non

HDL bound S1P levels were found to be higher in acute

MI patients than in the control group. Finally, a low total

patient number is another important limitation of our

study. We think that some of the circumstances which

may reduce the significance of our findings are due to

low patient number.

CONCLUSIONS

The present study showed that there is a relation-

ship between pre-infarction angina and serum S1P le-

vels in patients with STEMI and NSTEMI. Our findings

suggest that S1P may have a role in human precondi-

tioning.
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