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Pentane and isoprene concentrations were analyzed in single end-expiratory breath samples using gas 
chromatography. Breath analysis was performed in 15 patients with acute myocardial infarction, 15 patients 
with stable angina, and I 5  healthy control subjects. The two patient groups were well matched for age. sex, 
smoking habits, hypertension and serum cholesterol levels. There was no significant difference in breath 
pentaneconceiitration in theacute myocardial infarction group (0.29_+0.03 nmolil) (mean? SEM) compared 
to the group with stable angina (0.3 1 f0 .03  nmol/l) or the control group (0.36k0.04 nmol/l). However, breath 
isoprene concentration was higher ( p  < 0.01) in the acute myocardial infarction group (1 1.4 k 1.2 nmol/l), 
compared to both the stable angina group (7.7 k 0.5 nmol/l) and the control group (7.1 ? 1 .O nmol/l). There 
was no difference in either the pentane or isoprene concentrations between the control group and the group 
with stable angina. Since pentane is thought to be an index of lipid peroxidation, the results d o  not support 
the presence of enhanced lipid peroxidation in acute myocardial infarction in the absence of thrombolytic 
therapy or primary angioplasty. The mechanism responsible for isoprene elevation in acute myocardial 
infarction is unknown. 
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INTRODUCTION 

Oxygen derived free radicals are produced by several different reactions in the body 
and are capable of damaging multiple cellular components. Increased free radical 
formation has been shown to occur in experimental animals during both ischemia and 
reperfusion.l.2 Polyunsaturated fatty acids are particularly susceptible to free radical 
attack resulting in the formation of relatively stable lipid peroxides. Malondialdehyde 
is a major reaction product of lipid peroxidation and has been shown to be elevated in 
the plasma of patients with acute myocardial infarction following successful thrombol- 
y~is. ' .~ 

In addition to malondialdehyde formation, peroxidation of lipids has also been 
shown to result in the formation of short-chain alkanes. Pentane is generated from 
peroxidation of w-6 polyunsaturated fatty acids and its assa in human breath is 
thought to represent a non-invasive index of lipid peroxidation.'6 Several studies have 
reported elevated breath entane levels in disease states where there is inflammation 
or tissue degeneration." Although pentane is present in expired air, the major 
hydrocarbon constituent of human breath is thought to be imp,"ne." l 5  Since isoprene 
co-elutes with pentane on most chromatography columns, many previous studies 
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may have unknowingly reported pentane as the combination of isoprene and pentane. 
Elevated breath pentane levels have been reported in patients with acute myocardial 
infarction, however, the breath isoprene concentrations were not reported.16 Thus, the 
purpose of the present study was to analyze both isoprene and pentane in patients with 
acute myocardial infarction. 

MATERIALS AND METHODS 

The study subjects included 15 patients with acute myocardial infarction, 15 patients 
with stable angina and 15 healthy controls. The patients with acute myocardial 
infarction were found to satisfy the World Health Organizations's 1983 criteria for the 
diagnosis of acute myocardial infarction. Serum creatine kinase MB concentration 
was considered to be elevated when the fraction was 3% or greater. All breath samples 
were obtained in the coronary care unit before the patients received thrombolytic 
therapy or coronary angiography. The patient control group consisted of 15 patients 
with stable coronary artery disease diagnosed by coronary angiography. They were 
matched with the acute myocardial infarction group for age, sex, smoking status, 
diabetes and hypertension. The exclusion criteria were cardiac failure, cardiogenic 
shock, coronary artery bypass grafting, percutaneous transluminal coronary angiopla- 
sty within the previous 3 months, liver disease, sepsis or acute inflammatory disease. 
The normal control group consisted of 15 age- and sex-matched, healthy, non-smoking 
volunteers. 

We collected end-expiratory breath samples (125 ml) from all subjects using a 
polyvinylchloride tube (1.3 cm inside diameter) with a disposable mouth piece at one 
end and a one-way valve at the other. Breath samples were aspirated into air-tight glass 
syringes (60 ml), through a stopcock inserted just proximal to the one-way valve. 
Samples were collected in the morning at  least three hours after the last meal and 
analyzed within two hours. All subjects were breathing room air for at  least one hour 
prior to breath sampling. The pentane concentration in room air was found to be less 
than 0.05 nmol/l. 

For the analyses of hydrocarbons in expired air, we used a gas chromatograph 
(Hewlett Packard 5890 series 11) equipped with a gas sampling valve, a 10-ml sampling 
loop and a flame ionization detector. The sample loop was flushed with 40 ml of sample 
and manually pressurized to 800 mm Hg with the last 20 ml using a digital manometer 
(UM 2000/200, Netech Corp.). The hydrocarbons were eluted by passing the sample 
through a 25-m (0.53 mm diameter) Poraplot U capillary column (Chrompack). 
Helium was used as the carrier gas at a flow rate of 8 mllmin. The temperature of the 
sampling loop was 70"C, the injector temperature was 90°C and the detector temper- 
ature was 190°C. To minimize peak broadening from the large sample volume, the 
column temperature was held at 30°C for 2 minutes in order to concentrate the 
hydrocarbons at the head of the column. Thereafter, the column temperature was 
increased 40"C/min to 90°C, 5"C/min to 135°C and 5O"C/min to a final temperature of 
190°C. 

Calibration curves were lotted using a commercially available reference gas mix- 
ture of hydrocarbons (C2-C ) with a concentration of 100 ppm (Alltech Associates) and 
appropriate dilutions. Calibration curves were plotted using five pentane concentra- 
tions; 0 ppb, 20 ppb (0.82 nmolfl), 50 ppb (2.04 mnol/l) 100 ppb (4.09 mnol/l) and 500 
ppb (20.4 nmol/l). The concentration of isoprene was estimated from the pentane 
calibration curve." 
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TABLE 1 
Clinical characteristics of patients with acute myocardial infarction and stable angina. 

Acute Stable 
Myocardial Angina 
Infarction 

Age {mean(range)} 
Malelfemale 
Current smokers 
Diabetes 
Hypertension 
Serum cholesterol (mmolll) 
Nitrates 
Aspirin 
Beta blockers 
Calcium channel blockers 
Anticoagulants 

64 (45-87) 
1411 
40% 
33% 
47% 

5.73 f 1.45 
100% 
80% 
53% 
21% 
53% 

61 (38-84) 
1312 
33% 
27% 
53% 

5.36 If: 1.46 
73% 
73% 
53% 
40% 
21% 

Chromatogram data acquisition, storage and peak area integration was done using 
a 386 PC and Peaksimple I1 software (SRI Instruments). Where possible the results are 
expressed as the mean k SEM. One way analysis of variance was used to compare age, 
breath pentane and breath isoprene concentrations. If the ANOVA yielded a signifi- 
cant F value then individual group means were compared with a Student-Newman- 
Keuls test. A Fisher’s exact test or Student’s unpaired t-test were used to compare 
clinical characteristics in the two patient groups. All differences were considered to be 
significant when p < 0.05. 

RESULTS 

The clinical characteristics of patients with acute myocardial infarction and stable 
angina are compared in Table 1. There was no significant difference in the age, sex and 
major coronary risk factor profile (smoking, hypertension and diabetes), between 
patients with acute myocardial infarction and those with stable coronary heart disease. 
There was also no significant difference in the number of patients taking anti-anginal 
or antithrombotic medications. The mean age of the control group was 64 (range 
42-78) and not significantly different from the two patient groups. 

Electrocardiography of the acute myocardial infarction group showed 6 anterior 
and 9 inferior infarcts. The concentration of serum creatine kinase in the patients with 
acute myocardial infarction was 959 f 209 U/I and the MB fraction was 63.6 f 15.5%. 
The onset of chest pain before breath sampling was 17 k 1.8 hours. 

Figure 1 shows a chromatogram of a breath sample from a patient with acute 
myocardial infarction. The elution order of the organic components that were identi- 
fied with reference standards was ethanol, pentane, isoprene and acetone. Acetone 
showed the greatest relative peak area followed by isoprene, ethanol and pentane. 
Table 2 shows the mean concentrations of pentane and isoprene in the three different 
subject groups. There was no significant difference in the pentane concentration in 
expired air in the group of patients with acute myocardial infarction compared to group 
with stable angina or the control group. The isoprene concentration in expired air was 
significantly elevated in the group with acute myocardial infarction compared to group 
with stable angina and the control group. There was no significant difference in breath 
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FIGURE 1 Gas chromatogram of an expired air sample from a patient with acute myocardial infarction. 
Retention time of ethanol, 10.3 min; pentane, 10.7 min; isoprene, 11.4 min; acetone, 11.9 min. 

pentane and isoprene concentrations between the group with. stable angina and the 
control group. 

DISCUSS I 0  N 

The results of this study indicate that isoprene in breath is elevated in acute myocardial 
infarction. Contrary to previously published work,I6 we did not find any increase in 
pentane concentration in the breath of patients with acute myocardial infarction. 
Weitzi6 reported an average pentane level of about 5 nmolll in 10 patients with acute 
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TABLE 2 
Effect of acute myocardial infarction on pentane and isoprene concentrations in end-expiratory air. 

Control Acute 
Myocardial 
Infarction 

Stable 
Angina 

Pentane (nmollL) 0.36 k 0.04 0.29 k 0.03 0.31 + 0.03 
Isoprene (nmol/L) 7.1 k 1.0 11.4?r 1.2* 1.7 k 0.5 

*p < 0.01 compared to stable angina and control 

myocardial infarction compared to 2 nmol/l in a group of patients with chest pain and 
no infarction. Since these investigators did not report isoprene levels or document the 
separation of isoprene from pentane, it is conceivable that their pentane levels reflect 
a combination of isoprene and pentane. Indeed, the concentration of pentane in the 
breath of their control subjects (2 nmol/l) was much higher than the pentane concen- 
trations that we observed or that have been reported by others using chromatographic 
techniques that separate pentane from i s ~ p r e n e . ’ ~ ~ ’ ~ ~ ’ ~  

Several studies have reported that pentane levels in expired air from healthy subjects 
cannot be distinguished from pentane levels in room air.6,i4.18 In the present study, as 
well as a previous study,15 we consistently observed a higher concentration of pentane 
in expired air compared to room air. Since there is no commonly accepted method for 
assaying pentane in human breath, it is difficult to compare the results of different 
studies. Our pentane levels are probably higher than the levels reported by others 
because we sampled end-expiratory breath rather than total breath. Furthermore, we 
minimized the possibility of pentane loss from the breath samples by the direct injection 
of the samples into a gas chromatograph. 

Although both ischemia and reperfusion have been shown to increase the formation 
of free radicals in experimental animals, reperfusion is a much more effective stimulus 
for free radical formation.’.2 Increased plasma levels of malondialdehyde have been 
demonstrated in patients with acute myocardial infarction following successful throm- 
bolysis but not in those patients whose arteries remained occluded despite thrombolytic 
the rap^.^.^ Since malondialdehyde and pentane are both end products of lipid peroxida- 
tion, increased pentane formation would not be expected in acute myocardial infarc- 
tion in the absence of spontaneous thrombolysis. Coronary arteriography has 
demonstrated spontaneous thrombolysis in only 28% of patients with acute myocardial 
infarction even when performed at the time of discharge.’’ 

The mechanism responsible for the increase in isoprene in exhaled air in acute 
myocardial infarction is not clear. Earlier studies have suggested that the amount of 
isoprene excreted into breath is not influenced by diet, age, sex or fasting” but rather 
is elevated during Isoprene formation is thought to be regulated in part by 
the same enzyme (3-hydroxy-3-methyl-glutaryl-CoA reductase) that regulates choles- 
terol synthesis.23 Inhibition of cholesterol synthesis with lovastatin has been shown to 
cause a decrease in breath isoprene excretion.22 There is also evidence that the synthesis 
of isoprene may be linked to the respiratory burst activity of n e ~ t r o p h i l s . ~ ~  It is possible 
that activation of neutrophils in the ischemic myocardium may have been responsible 
for the increased formation of isoprene. It is also possible that isoprene is elevated in 
other inflammatory conditions that were previously found to be accompanied by 
enhanced pentane excretion.’ Additional studies on the dynamics and mechanism of 
isoprene formation will be required to determine the precise mechanism responsible 
for the changes in isoprene in acute myocardial infarction. 
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