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Origins of breath isoprene

A recent communication by Phillips et all
dealt with the analysis ofvolatile organic com-
pounds (VOCs) in human breath to discover
whether these agents were produced endo-
genously or were inhaled from the at-
mosphere. Their conclusion concerning the
origin of breath isoprene took us by surprise
because we too have been working on the
analysis and identification of this volatile
hydrocarbon in expired air.2 Phillips et al'
measured and reported what they called the
"alveolar gradient" defined by them as the
difference between the exhaled and the in-
haled amount of the various VOCs. The al-
veolar gradient for isoprene was strongly
negative indicating that the concentration of
this hydrocarbon was considerably higher in
the ambient air breathed than in the expired
alveolar air, implying that isoprene has an
environmental origin and is therefore not a
product of metabolism. This conclusion con-
flicts with many other published reports iden-
tifying isoprene as the most prominent
biogenic hydrocarbon expelled in the breath
of humans and animals, and also emitted by
plants.35 The isoprene in human breath is
thought to be derived from the mevalonate
pathway of lipid (cholesterol) metabolism.3
Phillips et al' also reported a negative alveolar
gradient for pentane, suggesting that this
hydrocarbon also originates from the en-
vironment as opposed to the metabolism.
Many previous reports, however, have iden-
tified pentane in human breath as a metabolic
product of lipid peroxidation.4
How can the unusual results reported by

Phillips et al be explained? It should be em-
phasised that the actual concentration of the
VOCs present in alveolar air and ambient
air were not reported in absolute amounts.
Accordingly, the concentrations of isoprene
as well as other VOCs cannot be compared
with values reported in the literature. Instead,
Phillips et al determined the relative con-
centration of VOCs from the difference in
the chromatographic response after analysing
10 litres of alveolar air and the same volume
of ambient room air. Hopefully, the con-
centration of VOCs per litre of inhaled and
exhaled air will be published shortly.
We have developed a highly sensitive and

specific method for the analysis of isoprene
in human breath which involves thermal de-
sorption gas chromatography and diode array
ultraviolet detection.2 Using this method, the
concentration of isoprene in human breath
ranged from 1-6 to 10-3 nmolIl (median 3-4
nmol/l) in 16 healthy volunteers. More im-
portantly, the concentrations of isoprene in
ambient room air were negligible and below
the limits of detection of the method, ap-
proximately 0-02 nmolll for a 100 ml sample.
We obtained further support for a metabolic
origin of isoprene by analysing air entering
and leaving a respirator during treatment of
a patient in intensive care. The alveolar gra-
dient for isoprene was strongly positive, in-
dicating that isoprene was derived from the
patient as a product of metabolism. Even
after sampling and analysing 5 litres of air
entering the respirator, isoprene was not de-
tectable.
Although Phillips et al used a mass spec-

trometer with an ion-trap detector for analysis

of VOCs, as pointed out by DeMaster and
Nagasawa,6 the mass spectra oflow molecular
weight hydrocarbons are not easy to interpret
because they often lack a prominent mo-
lecular ion. Whether Phillips et al identified
the VOCs by running authentic standard sub-
stances or by searching a computed library
listing the mass spectra or organic compounds
is not clear. Because of the wide variation
in GC-MS operating conditions in different
laboratories, matching library spectra with
the fragmentation pattern of an unknown
substance is not a foolproof way to make an
unequivocal identification.
We suggest that the extreme negative al-

veolar gradient attributed to isoprene as re-
ported by Phillips et al was caused by some
closely related VOC, presumably an at-
mospheric pollutant in the room where the
experiments were performed. An unusually
large number of plants or other vegetation in
the room where alveolar and ambient air
samples were collected should be considered
as one likely source of isoprene. It is widely
known that isoprene is emitted into the at-
mosphere in relatively large quantities by
plants.5 By letting volunteer subjects inhale
compressed air from a cylinder or room air
after removal of VOCs by passage through
various filters will help to solve the mystery
of whether isoprene is a product of meta-
bolism or an atmospheric pollutant in the
laboratory where Dr Phillips and his col-
leagues work.
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Drs Phillips and Greenberg comment:
We thank Dr Jones and his colleagues for their
pertinent comments about breath isoprene;
they have prompted us to re-examine our
data.' Essentially, they raise two questions:
did we really see isoprene in the breath? And
if we did, how can one explain its negative
mean alveolar gradient?
We compared the mass spectrum of the

peak identified as isoprene in a typical breath
chromatogram to the mass spectrum of iso-
prene in the computer library (fig 1). The
agreement between the two confirmed the
identity of the breath VOC as isoprene (2-
methyl-1,3-butadiene).
We also examined the frequency dis-

tribution of the alveolar gradients of isoprene
in our subjects (fig 2). They ranged over a
broad spectrum, from strongly negative to
strongly positive. Isoprene was observed in
nearly all of the background air samples.
The alveolar gradient probably reflects the

net metabolism of isoprene; it may enter the
body from the environment and may also
be created or destroyed in the body. Some
subjects may rapidly metabolise en-
vironmental isoprene, hence producing a neg-
ative alveolar gradient, while others
manufacture the compound in sufficient
quantities to generate a positive alveolar gra-
dient. This is consistent with our observations
on pentane and carbon disulphide, both of
which exhibited a spectrum of positive and
negative alveolar gradients in groups of nor-
mal subjects.23
These findings suggest a number of con-

clusions which might help guide future stud-
ies of VOCs in the breath. Firstly, there is a
wide range of inter-individual (and possibly
intra-individual) variation. Secondly, one
needs to assay a VOC in the ambient air as
well as in the alveolar breath to identify its
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Formula: c5,H8, Rank 1 Index
Molecular weight 68 Purity 821 Fit 934 RFit 849 Cas# 78-79-
IIBR(NB) (Purity, mass range 20-100, weight range 0-1023)

Figure I Mass spectra of isoprene. Upper panel, breath spectrum; lower panel, library spectrum.
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Figure 2 Frequency distribution of the alveolar gradients of isoprene. Units are area under curve

(AVC) of the chromatographic peak of isoprene.

sources. Thirdly, the alveolar gradient seems

to provide a convenient index of the net effect
of environmental exposure to the VOC and
the rate at which it is created or destroyed in
the body.
An advantage of this approach is that it

obviates the need to supply the subject with
chemically clean inspired air, as Jones et al
suggest. We (and others) have found this
to be a fruitless undertaking because of the
technical difficulty ofcleansing air of all VOCs
at a picomolar level. It is also unphysiological,

Notices

because real people breathe real air which is
full of VOC contaminants.
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Sheffield Cytology Training School
presents

Cytopathology for Histopathologists
February 5-9 1996

and
J7une 24-28 1996

An intensive five day course of lectures
and microscopy workshops in both gynae-
cological and non-gynaecological cytology
suitable for candidates for the MRCPath
or Diploma in Cytopathology examin-
ations, or established consultants re-
quiring an update. Course tutors: Dr J H
F Smith, Dr J L Channer, Mrs E M
Hewer, Prof F Sharp (Sheffield), Dr I 0
Ellis (Nottingham), Dr J A Young (Bir-
mingham), Dr P Smith (Liverpool), Dr A
P Boon (Leeds), Mr R Smith (Brighton).
The course is approved for the RCPath
CME scheme, and participants in career
grade posts will be entitled to claim 25
CME points. The June course is also time-
tabled to run consecutively with the Aut-
opsy and Diagnostic Histopathology
Courses organised by the Sheffield Uni-
versity Department of Pathology.
Course fee, including refreshments: £350.

An Introduction to Cervical
Cytology

May 20-22 1996
An intensive three day course for junior
medical staff to describe the operation of
the national cervical screening programme
together with lecture and microscopy ses-
sions on cervical cytology. Course tutors:
Dr J H F Smith, Dr J L Channer, Mrs E
M Hewer, Prof F Sharp.
Course fee, including refreshments: £200.

Accommodation is available on site at a
modest additional charge.
For further details and course re-
servations, please contact: Mrs E M
Hewer, Manager, Sheffield Cytology
Training School, Northern General Hos-
pital, Herries Road, Sheffield S5 7AU (Tel
& fax: 0114 271 5500.)

Texas Society of Pathologists
75 Years Young

presents
Pathology: Past, Present and Future

Diamond Jubilee Celebration
February 1-4 1996

For further information, please contact:
Paula Rigling, Texas Society of Path-
ologists, 401 West 15th Street, Austin,
Texas 78701-1680, USA.

The Royal College of Pathologists
presents

Joint RCPATH/BSH/BBTS Update
Meeting in Transfusion Medicine

December 6-7 1995

JC, HIV, HSE - Health and Safety in
the Autopsy Suite

Thursday, J7anuary 25 1996

Diagnostic Pitfalls in Histopathology/
Cytopathology

Wednesday, February 7 1996

Stress in the NHS
Thursday, March 14 1996

All Symposia will be held at the Royal
College of Pathologists, 2 Carlton House
Terrace, London SW1, and are open to
members and non-members of the
College.

Further details and application forms are

now available and can be obtained from:
Scientific Meetings Officer, RCPath, 2
Carlton House Terrace, London SWI
5AF. (Tel: 0171 930 5862, ext: 24/25.)

First Announcement
5th International Congress on Trace
Elements in Medicine and Biology

presents
Therapeutic Uses of Trace Elements

February 4-7 1996
Main topics include: Therapeutic forms
of trace elements; large epidemiological
and intervention studies related to trace
elements; trace element supplementation
ofpopulation groups of differing ages; and
trace elements, bone physiology and bone
diseases, among others.
For further information, please contact:

Madame A Alcaraz, Laboratoire de Bio-
chimie C, CHURG, B.P. 217, F-38043
Grenoble Cedex 9, France (tel: (33) 76
76 54 84; fax: (33) 76 76 56 64).

13th International Conference on
Human Tumour Markers

J7une 16-19 1996

Sponsored by: International Academy of
Tumor Marker Oncology (IATMO), Vi-
enna

Organiser: Singapore Association of Clin-
ical Biochemists
Topics for scientific sessions include: en-
zymology related to malignancy, clinical
application of tumour markers, hormones
and cancer, new instrumentation/method-
ology, and new developments in onco-
genes and tumour biology.
The Conference will also feature free oral/
poster presentation sessions and an in-
dustrial exhibition.
Organising Committee Co-Chairmen: Dr
It-Koon Tan/Dr Edward Jacob, De-
partment ofPathology, Singapore General
Hospital, Singapore. (Tel: (65) 321 4914;
fax: (65) 222 6826.)
Secretariat: Academy of Medicine, Sin-
gapore, 16 College Road #01-01, Sin-
gapore 0316. (Tel: (65) 223 8968; fax:
(65) 225 5155.)
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