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Transient receptor potential ankyrin 1 antagonists block
the noxious effects of toxic industrial isocyanates

and tear gases
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ABSTRACT The release of methyl isocyanate in Bho-
pal, India, caused the worst industrial accident in
history. Exposures to industrial isocyanates induce lac-
rimation, pain, airway irritation, and edema. Similar
responses are elicited by chemicals used as tear gases.
Despite frequent exposures, the biological targets of
isocyanates and tear gases in vivo have not been identi-
fied, precluding the development of effective counter-
measures. We use Ca** imaging and electrophysiology
to show that the noxious effects of isocyanates and
those of all major tear gas agents are caused by
activation of Ca®* influx and membrane currents in
mustard oil-sensitive sensory neurons. These responses
are mediated by transient receptor potential ankyrin 1
(TRPAI), an ion channel serving as a detector for
reactive chemicals. In mice, genetic ablation or phar-
macological inhibition of TRPA1 dramatically reduces
isocyanate- and tear gas-induced nocifensive behavior
after both ocular and cutaneous exposures. We con-
clude that isocyanates and tear gas agents target the
same neuronal receptor, TRPAl. Treatment with
TRPAI antagonists may prevent and alleviate chemical
irritation of the eyes, skin, and airways and reduce the
adverse health effects of exposures to a wide range of
toxic noxious chemicals.—Bessac, B. F., Sivula, M., von
Hehn, C. A., Caceres, A. 1., Escalera, J., Jordt, S.-E.
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ISOCYANATES ARE REACTIVE ORGANIC chemicals widely
used in the industrial production of polyurethane
polymers, pesticides, fungicides, and other materials.
Methyl isocyanate (MIC), a precursor in pesticide pro-
duction, was the major causative agent of the environ-
mental disaster in Bhopal, India, responsible for more
than 3000 immediate deaths and several thousand
additional casualties in the years after the accident (1).
In the United States, MIC exposures have occurred
after spills of the pesticide metam sodium (sodium
N-methyl-dithiocarbamate) in railroad and agricultural
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accidents (2, 3). In these accidents, metam sodium
reacted with soil components and water to produce
MIC and other reactive agents (3-5). MIC exposure
caused immediate unbearable irritation of eyes, nose,
and throat (6). The airways are especially sensitive to
MIC and other isocyanates. Dependent on exposure
levels and duration, MIC-exposed individuals present
with airway hyperresponsiveness, inflammation, reac-
tive airway dysfunction syndrome (RADS), and airway
edema and injuries (1). Bifunctional isocyanates
such as 2,4-toluene-diisocyanate, diphenylmethane-
4,4'-diisocyanate (MDI), and hexamethylene-diiso-
cyanate (HDI), used in the production of polyure-
thane products, are equally strong irritants and cause
asthma-related symptoms on repeated exposures (7).

The severe irritation after exposures to isocyanates is
surprisingly similar to the incapacitating effects of tear gas
agents (8, 9). The development of tear gas agents dates
back to World War I, when almost all factions used airway
irritants and chemical lacrimatory agents (tear gases),
such as acrolein (Papite), chloropicrin (PS), bromoace-
tone, benzyl bromide, and others (9-11). CN tear gas, a
riot control agent, was developed in the 1920s and was
widely used by law enforcement until the 1960s (12). The
active lacrimatory agent in CN is 2-chloroacetophenone.
Because of its toxicity, CN was supplanted by CS tear gas,
containing 2-chlorobenzylidene malononitrile as its active
ingredient. CS is currently the most widely used riot
control agent worldwide. CR is another modern riot
control agent, containing dibenzol[b,/f][1,4]oxazepine as
its lacrimatory principle (Fig. 1B) (12).

Despite the infamy of isocyanate exposures in occu-
pational and environmental medicine and the wide-
spread and frequent use of tear gas agents for more
than 90 yr, with possibly millions of exposures, little is
known about the molecular and cellular actions of
these agents. Current medical treatment of exposures
includes the removal of the toxicants by dilution,
washing, and chemical neutralization, treatment of
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