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Toluene diisocyanate and related
chemicals induce asthma by specific
sensitization.14 The mechanism for
this is not yet clear. Hexamethylene
diisocyanate is a hardening agent
used in an acrylic enamel spray
paint for cars that has recently been
introduced. We report a case in
which asthma and an increase in
nonspecific bronchial reactivity to
inhaled histamine were induced by
this substance in a spray painter in
an automotive body shop.

Case report
A 44-year-old man employed in

an automotive body shop as a spray
painter for the previous 28 years
presented to a respiratory clinic
complaining of an increasing cough
productive of small amounts of
sputum and shortness of breath for
6 to 12 months. He denied wheez-
ing, chest pain, hemoptysis, chest
tightness, nasal symptoms and eye
symptoms. The respiratory symp-
toms were worse at night than dur-
ing the day. However, he related
their occurrence to exposure to an
acrylic enamel spray paint contain-
ing hexamethylene diisocyanate, a
type of paint that had been in use
at the shop for the past 2 years. He
had always worn a heavy-duty mask
while spraying and was the only in-
dividual in the shop doing spray-
painting. There was no history of
past chest or atopic disease, and he
had not smoked for 5 years. The
only other medical problem in his
past was mild hypertension, which
had easily been controlled with
weight reduction.

The man's blood pressure was
140 110 mm Hg, pulse rate 80
beats/mm and respiratory rate 16/
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mm. Results of the physical exam-
ination were normal, as were the
results of the following investiga-
tions: determination of the hemo-
globin concentration, leukocyte
count and differential, erythrocyte
sedimentation rate, serum elec-
trolyte concentrations, SMA-12 bio-
chemical analysis, serum protein
electrophoresis, sputum culture,
chest roentgenography and electro-
cardiography. A sputum specimen
contained eosinophils. Pulmonary
function studies revealed very mild
fixed airflow obstruction; the only
value that deviated from the normal
prediction was the maximum mid-
expiratory flow, which was 70%
of the predicted value both before
and after inhalation of salbutamol.
Prick skin tests with 25 common
allergens were all negative. A his-
tamine inhalation test, performed to
measure the level of nonspecific
bronchial reactivity, gave normal
results.

Special investigations
Methods: An occupational-type

exposure test was performed in the
laboratory as described by Pepys.e
On day 1, the control day, the
patient was exposed to the spray
paint with no hardener, diluted
50% with thinner; it was sprayed
with a DeVilbiss JGA-502 spray
gun (DeVilbiss Company, Somerset,
Pennsylvania) in an enclosed room
(150 x 180 x 240 cm) for 5
minutes, during which time 325 ml
was nebulized. On day 2 the patient
was exposed to the paint with
hardener containing 11.5% hexa-
methylene diisocyanate by weight
added in a concentration of 1:10 by
volume prior to 50% dilution with
thinner; thus, the concentration of
isocyanate in the spray was 0.6%.
The paint was sprayed for only 2
minutes (130 ml was nebulized), as
this was all that the patient could
tolerate, and exposure was conti-
nued for a further 5 minutes. The
forced expiratory volume in 1 sec-
ond (FEy1), maximum midexpira-
tory flow and vital capacity were
determined with a 9-1 water spiro-

meter before exposure and after
exposure at 10-minute intervals for
the first hour, 30-minute intervals
for the second hour and hourly for
the next 4 hours.

Histamine inhalation tests were
performed as described by Cock-
croft and colleagues.7 Progressively
doubled concentrations of histamine
acid phosphate from 0.03 to 8.0
mg/ml were delivered by a Wright
nebulizer (airflow 7 1/mm; output
0.130 ml/min; Aerosol Products
[Colchester] Ltd., London, England)
at 5-minute intervals; after each in-
halation the patient breathed quietly
for 2 minutes. The FEy1 was meas-
ured 30 and 90 seconds after each
inhalation, and the test was con-
tinued until the FEy1 was reduced
by 20% or more or until the maxi-
mum concentration of histamine had
been administered. The results were
expressed as the provocation con-
centration of histamine producing
a 20% reduction in FEV1 (PC2o)
calculated or extrapolated from the
histamine dose-response curve.
Histamine inhalation tests were per-
formed six times at the same time
of day - at the initial visit, 6 hours
after control exposure, and 6 hours,
30 hours, 54 hours and 6 days after
the isocyanate challenge.
From midnight the day before the

control exposure until the special
investigations were completed the
patient was away from work.

Results: The day prior to day 1
the patient had been heavily ex-
posed to the isocyanate-containing
spray paint during a 16-hour work
shift and had experienced shortness
of breath and cough throughout the
night. However, when he arrived at
the laboratory for the control ex-
posure the FEV1 was unchanged
from previous visits and he was
asymptomatic.
The FEV1 on days 1 and 2 are

shown in Fig. 1. There was less than
a 10% change in the FEy1 in the
6 hours following the control in-
halation. Following the isocyanate
exposure there was an 18% reduc-
tion in the FEV. at 10 minutes, then
spontaneous improvement followed
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by a late asthmatic response with a
maximum FEy1 reduction of 41 %
at 3 hours.

Changes in the FEy1 before each
histamine test and in the histamine
PC2o are shown in Fig. 2. The
control PC20, determined 1 month
before the exposure test, on a
Monday 72 hours remote from
exposure to hexamethylene diisocy-
anate, was normal (9.4 mg/ml). On
day 1 (16 hours after the end of the
16-hour occupational exposure to
the paint) there was a 15-fold re-
duction in the PC20 (to 0.63 mg/ml),
and on day 2, 6 hours after the 7-
minute exposure to isocyanate in the
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FIG. 1-Changes in forced expira-
tory volume in 1 second (FEY1) fol-
lowing control and hexamethylene
diisocyanate exposure, represented
by interrupted and solid lines respec-
tively.

laboratory, there was a further 8-
fold reduction in the PC.0 (to 0.078
mg/mi). The PC2o returned to nor-
mal (19.0 mg/mi) by day 8.

Discussion

This patient demonstrated spe-
cific sensitization to hexamethylene
diisocyanate. Brief exposure to
paint containing this substance in a
concentration of 0.6% produced
a profound and sustained late asth-
matic response. This type of re-
sponse occurs frequently following
exposure to toluene diisocyanate in
the laboratory. Isocyanate exposure
in sensitive individuals can produce
an early asthmatic response with
recovery in the first 1 to 2 hours, a
late asthmatic response that begins
within the first 1 to 3 hours and
may persist up to 24 hours, or a
dual asthmatic response (both early
and late).8'9

Nonspecific bronchial hyperreac-
tivity to inhaled chemicals such as
histamine and methacholine is a
characteristic feature of most per-
sons with asthma.7'10'11 Nonspecific
bronchial hyperreactivity is also
generally seen in persons with
asthma due to toluene diisocyanate
sensitivity.12"3 In fact, the presence
of pre-existing nonspecific bronchial
hyperreactivity has been suggested
as an important risk factor for the
development of asthma due to
toluene diisocyanate. Our patient
demonstrated a normal response to
inhaled histamine when away from
work. Sixteen hours after a 16-hour
occupational exposure the bronchial
responsiveness to inhaled histamine
had increased so that the concentra-
tion of histamine required to pro-
voke a 20% fall in the FEy1 was
15-fold less than that required when
there had been no recent exposure.
At this time the patient was asymp-
tomatic and the FEy1, maximum
midexpiratory flow and vital capa-
city were similar to those at the ini-
tial visit. Six hours after the isocy-
anate challenge in the laboratory the
bronchial reactivity to inhaled his-
tamine had increased further, so
that the PC20 was reduced a further
eightfold. At that time, however, the
FEV1 was reduced by about 30%.
The reduced airway calibre may
have been a factor in the increased
response to histamine at this time,
for some have suggested that re-

duced airway calibre is an important
determinant of bronchial respon-
siveness to inhaled histamine.'4
Others, however, have shown that
even moderate fluctuations in air-
way calibre fail to affect the re-
sponse to inhaled histamine or
methacholine.""6 For 6 days follow-
ing the isocyanate challenge the pa-
tient was away from work and not
exposed to the paint. During this
time the histamine PC20 returned to
normal, increasing by a factor of
200. These results demonstrate that,
at least in certain individuals, ex-
posure to isocyanate can not only
induce a specific asthmatic response
but also result in increased non-
specific bronchial reactivity. This
suggests that nonspecific bronchial
hyperreactivity may be acquired as
a result of isocyanate sensitivity
rather than be a pre-existing deter-
minant for the development of iso-
cyanate-induced asthma.

Similar increases in nonspecific
bronchial reactivity to inhaled
histamine occur in sensitized in-
dividuals following exposure to
allergens,'7"8 dimethylethanolamine'9
and western red cedar.20 The me-
chanism for this is unclear. The
common feature of persons demon-
strating increased nonspecific bron-
chial reactivity following exposure
to allergens, isocyanate, ethanola-
mine or red cedar appears to be the
occurrence of a late asthmatic re-
sponse. Persons with allergen-in-
duced isolated early asthmatic re-
sponses have not shown any change
in histamine sensitivity,'8 nor has
such a change been seen following
an isolated early asthmatic response
induced by red cedar (unpublished
data). Small changes in bronchial
reactivity to inhaled histamine have
been observed in healthy individuals
following viral upper respiratory
tract infections2' and following

22

ozone exposure; these have been
postulated to be the result of in-
flammation and damage of the bron-
chial mucosa leading to exposure
and sensitization of epithelial irritant
receptors, which could result in an
increased vagal reflex following the
inhalation of histamine.

Hexamethylene diisocyanate be-
longs to a group of chemicals re-
ferred to as copolymerizing agents,
which, although differing widely in
chemical structure, have a similar
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chemical function. They act as
catalysts in a number of chemical
processes to harden liquid or semi-
liquid materials. There are at least
four types of copolymerizing chem-
icals: isocyanates, acid anhydrides,
ethanolamines and complex amines.
Asthma caused by specific sensitiza-
tion to chemicals of all four types
has been reported. As well as isocy-
anates, the responsible chemicals
have included phthalic anhydride,.'24
trimellitic anhydride,.'.' dimethyl-

19ethanolamine, aminoethylethanola-
mine,."7 and a number of complex
amines such as paraphenylenedia-
mine, ethylenediamine and hexame-
thylene tetramine."30 These chem-
icals are encountered in paints,
lacquers, glues, soldering fluxes,
plastics and synthetic rubber.

The mechanism of this specific
type of sensitivity is unclear. The
specificity of the responses as well
as the patterns of early, late and
dual asthmatic responses are similar
to those of allergen-induced asthma
and suggest an immunologic me-
chanism. However, immunologic
investigations in asthma induced by
isocyanates3'9"2"3"' and ethanola-
mine'9 have produced conflicting
results. Some studies show that con-
jugates of toluene diisocyanate and
human serum albumin stimulate
lymphocytes from sensitized individ-
uals.2'31 However, IgE antibodies
have rarely been demonstrable.'3'19'3'
In contrast, immunologic investiga-
tions in asthma induced by phthalic
anhydride. and trimellitic anhy-
dride2' have demonstrated specific
IgE antibodies directed against con-
jugates of these chemicals and
human serum albumin.

With the increasing use of iso-
cyanates and related chemicals in
industry, asthma induced by sensi-
tization to these chemicals is likely
to become an increasing problem.
This case has demonstrated a new
source of occupational exposure to
isocyanates, namely spray paint
used for automobiles. This syn-
drome should be considered in em-
ployees of automotive body shops
presenting with bronchial asthma.
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