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Previous studies have raised the question of whether pentane is a normal constituent of human breath, 
since its concentrations in inspired room air and expired breath are often similar. Using a highly sensitive 
assay for volatile organic compounds, we studied 37 normal subjects in order to determine the alveolar 
gradient of pentane in their breath (i.e. concentration in alveolar breath minus concentration in the 
inspired air). The chemical identity of pentane was confirmed by mass spectroscopy. The alveolar gradient 
of pentane was zero * 0.175 nmol/l in 54.1 Qo of subjects, and distributed in an approximately bell-shaped 
curve. Determination of the alveolar gradient divided the normal subjects into three groups: the "passive 
equilibrators" who did not appear to excrete pentane in the breath (the majority), 'rnetabolizers" who 
actively catabolized inhaled pentane, and 'manufacturers" who excreted more pentane than they inhaled. 
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INTRODUCTION 

Normal human breath contains a large number of volatile organic compounds 
(VOCs), most of them in very low concentrations (1). In recent years, increasingly 
refined methods of collection and analysis have demonstrated more than 100 VOCs 
in the breath, the majority in nanomolar (lO-'M) or picomolar (lO-I'M) concentra- 
tions (2-4). Alkanes in the breath, particularly ethane and pentane, have attracted 
special attention as indicators of lipid peroxidation caused by oxygen free radicals 
(5 ) .  Increased levels of pentane in the breath have been reported in a variety of 
disorders, including acute myocardial infarction (6), rheumatoid arthritis (7), nutri- 
tional deficiency of vitamin E (8), schizophrenia (9, 10) and inflammatory bowel 
disease (1 1). However, with improved assay methods has come the realization that 
several of the VOCs present in the breath can also be detected in room air. It is now 
apparent that the concentration of pentane in the breath of normal humans may be 
approximately the same as, or even less than the concentrations observed in the 
inspired air (10, 12). Such findings prompted Cailleux and Allain (12) to question 
whether pentane is a normal constituent of human breath. 

One of us (MP) has proposed the concept of the alveolar gradient of a breath VOC, 
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defined as the concentration of a VOC in the alveolar breath minus its concentration 
in the inspired air (10, 13). One of the major values of the alveolar gradient is that 
it indicates the probable source of a VOC, either from the body or from the 
environmental air. If the alveolar gradient is positive, it indicates that the lungs 
excreted more of the VOC than they took in, consistent with manufacture of the VOC 
in the body. Conversely, if the alveolar gradient is negative, it indicates that the lungs 
excreted less of the VOC than they took in, consistent with ingestion of the VOC from 
the environmental air and subsequent breakdown in the body. 

As part of a clinical study of patients with schizophrenia (10) we had determined 
the alveolar gradient of pentane in the breath of a group of normal volunteers. We 
re-examined these data in order to determine if they could throw light on the question 
of pentane manufacture in normal subjects. 

MATERIALS AND METHODS 

Human Subjects 

These have been described (10). We studied 37 normal volunteers, principally physi- 
cians and nurses, with no history of psychiatric illness. 

Breath Collection 

The method has been described (4). A mobile apparatus was used to collect the VOCs 
in 20 L alveolar breath by adsorption to an adsorbent cartridge. A sample of back- 
ground air was also collected. 

Assay of Pentane 
The method has been described (4). In summary, the VOCs were thermally desorbed 
from the adsorbent cartridge, separated by gas chromatography, and detected by 
mass spectroscopy with an ion-trap detector. The identity of pentane in the breath 
was confirmed by its elution time and mass spectrum, both of which were similar to 
those observed with pure pentane. The alveolar gradient was determined by sub- 
tracting the concentration of pentane in the environmental air from its concentration 
in alveolar breath. 

RESULTS 

Determination of Alveolar Gradient 
The distribution of the alveolar gradient of pentane is shown in Fig 1. The mean con- 
centration was -0.26 nmol/l (SD=0.11). 

Confirmation of the Chemical Identity of Pentane 

Mass spectroscopy confirmed the identity of pentane in the breath samples. Pentane 
was distinguished from isoprene which exhibited a different elution time (Figure 2) 
and a different mass spectrum (Figure 3). 
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P E N T A N E  ALVEOLAR G K A D I E S T  

FIGURE I Frequency distribution histogram of the alveolar gradient of pentane. Results are shown 
from assays of the breath of 37 normal subjects. Each bar comprises the number of subjects in the interval 
shown by the mean lt0.175 nmol/l. 

I100 1150 1200 1258 

FIGURE 2 Segment of a typical chromatogram of human breath. The x-axis indicates scan number 
(seconds into the run). The numbers superimposed on the two adjacent peaks indicate scan number, peak 
height, and area under the curve. The peaks are pentane (scan 1163) and isoprene (scan 1179) (see mass 
spectroscopic confirmation in Figure 3). 
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Scan number 1163 
BREATH 

ieex 

ieei 4 PENTANE (ACN) (DOT) CAS 189-66-8 

INTI,, I , ,  I !  I , r , ,  I ,  , , di 
Scan number 1179 

BREATH 
ieei - - 

I . . l I I I  I I  1 
1 " = ~ " ' " " ' ~  " " I " " ( ' ~ ~ : l ~ ~  I " ' ' I " " I ' " ' I 1 '  1 '  I i m- 

l€I€li 1,3-BUTADIENE, 2-METHYL- CAS 78-79-5 

FIGURE 3 Mass spectra of chromatographic peaks. These spectra confirm the identity of pentane 
(upper panel) and isoprene (Z-methyl-l,3-butadiene) (lower panel) in the peaks eluting at scans I163 and 
1179 respectively. 

DISCUSSION 

The measurement of breath alkanes appears to be a valuable and elegant method for 
assessing free radical formation and lipid peroxidaton in-vivo (14). However, the 
value of breath pentane measurements has recently been called into question because 
some assays using gas chromatography have apparently confused pentane with 
isoprene (15). Pentane and isoprene are both important constituents of the breath 
which may elute from a column at similar or even identical times. However, this 
problem did not affect our assay; pentane and isoprene eluted separately and with 
clearly identifiable mass spectra. 

In more than half of the normal subjects, the alveolar gradient of pentane was zero 
i 0.175 nmol/l. Values were distributed around zero in an approximately bell-shaped 
curve. These findings are in general agreement with those of Caillew and Allah [ 121. 
However, we also observed a small number of subjects whose alveolar gradients of 
pentane were either markedly negative or positive. 

We conclude that most normal subjects did not appear to excrete pentane in their 
breath. The pentane detected in their alveolar breath most probably resulted from 
passive equilibration across the alveolar membrane between pentane in the inhaled 
air and in the venous blood. There are two likely explanations for this finding: either 
the majority of normal subjects did not manufacture detectable quantities of pentane 
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in their bodies, or else what pentane they did manufacture may have been rapidly 
metabolized to other compounds. 

In addition, small numbers of the normal subjects exhibited either strongly positive 
or negative alveolar gradients. Those with negative alveolar gradients had apparently 
metabolized the pentane inhaled from the air, while those with positive alveolar 
gradients appeared to be manufacturing pentane in their bohies. The alveolar gra- 
dient of pentane therefore divided our normal subjects into three groups: “passive 
equilibrators” (the majority) and, at the two extremes of the bell-shaped curve, 
“metabolizers” and “manufacturers” of pentane. 

Further research is needed to confirm these findings and to determine their 
significance. In particular, it would be of interest to learn if pentane umetabolizers” 
are at lower risk of those diseases mediated by an excess of oxygen free radicals. 
These findings also raise the possibility that those normal subjects who were “manu- 
facturers” of pentane might have been suffering from the preclinical phase of a 
disorder associated with increased lipid peroxidation. 

References 

1. M. Phillips (1992) Breath tests in medicine. Scientific American, M7(1), 74-79. 
2. L. Pauling, A.B. Robinson, R. Teranishi and P. Carey (1971) Quantitative analysis of urine vapor 

and breath by gas-liquid partition chromatography. Proceedings of the NationalAcademy of Sciences 
of the United States of America, 68, 2374-2376. 

3. Y. Ghoos, M. Hiele, P. Rutgeerts and G. Vantrappen (1989) Porous-layer open-tubular gas chroma- 
tography in combination with an ion-trap detector to assess volatile metabolites in human breath. 
Biomedical and Environmental Mass Spectrometry, 18, 613-616. 

4. M. Phillips and J. Greenberg (1992) Ion-trap detection of volatile organic compounds in alveolar 
breath. Clinical Chemistry, 38(1), 60-66. 

5. C.M.F. Kneepkens, C. Ferreira, G. Lepage and C.C. Roy (1992) The hydrocarbon breath test in the 
study of lipid peroxidation: principles and practice. Clinical ond Investigative Medicine, 38(1), 

6. Z.W. Weitz, A.J. Birnbaum, P.A. Sobotka, E.J. Zarling and J.L. Skosey. High breath pentane con- 
centrations during acute myocardial infarction. Lancet, 337, 933-935. 

7. S. Humad, E. Zarling. M. Clapper and J.L. Skosey (1988) Breath pentane excretion a marker of 
disease activity in rheumatoid arthritis. Free Radical Research Communication, 5(2), 101-106. 

8. M. Lemoyne, A. Van Gossum, R. Kurian and K.N. Jeejeebhoy (1988) Plasma vitamin E and selenium 
and breath pentane in home parented nutrition patients. American Journal of Clinical Nutrition, 
48, 1310-1315. 

9. E.S. Kovaleva, O.N. Orlov, Mia Tsutsul’kovskaia, T.V. Vladimirova and B.S. Beliaev (1989) Lipid 
peroxidation processes in patients with schizophrenia. Zhurnal Nevropatologii I Psikhiatrii Imeni 
S.S. Korsakova, 89(5), 108-1 10. 

10. M. Phillips, M. Sabas and J. Greenberg (1993) Incteased pentane and carbon disulfide concentrations 
in the breath of patients with schzophrenia. Journal of Clinicol Pathology, 46, 861-864. 

11. J. Kokoszka, R.L. Nelson, W.I. Swedler, J. Skosey and H. Abcarian (1993) Determination of inflarn- 
matory bowel disease activity by breath pentane analysis. Diseases of the Colon and Rectum, 36, 

12. A. Cailleux and P. Allain (1993) Is pentane a normal constituent of human breath? Free Radical 
Research Communications, 18(6), 323-327. 

13. M. Phillips (1992) Detection of carbon disulfide in breath and air: A possible new risk factor for cor- 
onary artery disease. InternationalArchives of OccupationolandEnvironmental Health, 64, 119-123. 

14. A. Van Gossum and J. Decuyper (1989) Breath alkanes as an index of lipid peroxidation. European 
Respiratory Journal, 2 ,  787-191. 

15. D. Kohlmuller and W. Kochen (1993) Is n-pentane really an index of lipid peroxidation in humans 
and animals? A methodological reevaluation. Analyticol Biochemistry, 210, 268-276. 

163-1 86. 

597-601. 

Accepted by Professor B. Halliwell 

Fr
ee

 R
ad

ic
 R

es
 D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
L

ib
ra

ry
 o

f 
H

ea
lth

 S
ci

-U
ni

v 
of

 I
l o

n 
11

/1
2/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.




