
Diisocyanates White Paper

A REVIEW OF WHETHER DERMAL 
EXPOSURE TO DIISOCYANATES CAUSES 

OCCUPATIONAL ASTHMA 

WHAT ARE DIISOCYANATES?
Diisocyanates are an incredible family of 
chemical building blocks used to make 
polyurethane products, such as rigid and 
flexible foams, coatings, adhesives, sealants 
and elastomers. Many of the products that 
we rely upon every day for improved quality of 
life are safer, tougher and more comfortable 
through the use of polyurethanes, which are 
made possible by diisocyanates. Countless 
products rely on these chemicals for comfort, 
insulation, weather-resistance, adhesion, 
durability, and flexibility.

Polyurethane chemistry is complex, but the 
basics are relatively easy to understand. 
Polyurethanes are produced from the 
reaction of diisocyanates (A-side) with polyols 
and other chemical additives tailored to 
specific manufacturing techniques (B-side). 
Because a variety of diisocyanates and a 
wide range of polyols can be used to produce 
polyurethane (and the reaction speed can 
be adjusted), a broad spectrum of materials 
can be produced to meet specific application 
needs. But, once A-side and B-side are mixed 
and reacted to form a polyurethane, they no 
longer exist in their original form and the 
diisocyanates are reacted away.
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INTRODUCTION
Diisocyanates are considered to be dermal 
sensitizers and, in some individuals, may cause 
allergic contact dermatitis rash. It appears to be 
an infrequent event, however, as there are only a 
few reports of diisocyanate contact dermatitis.1 
The ability of diisocyanates to induce respiratory 
sensitization in some individuals is also a known 
potential adverse health effect in humans, but 
evidence indicates sensitization occurs after 
inhalation exposure to concentrations above 
workplace exposure limits.2 The clinical symptoms 
of respiratory sensitization that may occur 
after a subsequent inhalation exposure in some 
individuals are wheezing, shortness of breath, 
and chest tightness. Exposure to diisocyanates 
is most likely to occur in the work environment. 
Respiratory sensitization that is caused or 
worsened by breathing in substances on the job is 
typically termed “occupational asthma.”2 The role 
that dermal contact with diisocyanates plays in the 
development of diisocyanate-related occupational 
asthma, however, remains unresolved for humans.  
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ISSUE SUMMARY
Sensitization is a two-fold process: 1) induction 
or sensitization of the individual’s immune 
system to an agent or allergen; this may take 
multiple exposures over some period of time; 
2) a subsequent exposure or “challenge” (also 
called elicitation) which produces the clinical 
symptoms. The symptoms of dermal sensitization 
are a skin rash (known as dermatitis), whereas the 
respiratory sensitization symptoms are wheezing 
and shortness of breath. 

Although there has been research in the area 
for over 40 years, there is still no validated 
experimental animal model accepted by regulatory 
agencies that adequately reflects the respiratory 
sensitization process and numerous symptoms 
associated with occupational asthma.  Several 
research studies have demonstrated respiratory 
changes (e.g., alterations in respiratory rate, 
non-specific respiratory reaction to methacholine, 
influx of inflammatory cells) and/or antibody 
production in animals after dermal induction 
exposure and subsequent inhalation challenge 
with MDI or TDI.3,4,5,6,7,8,9

One respiratory sensitization study model using 
Brown Norway rats involving dermal applications 
with MDI for induction demonstrated the existence 
of a threshold for the elicitation of respiratory 
hypersensitivity responses following inhalation 
challenges.9 A high-dose MDI dermal induction 
protocol demonstrated a neutrophilic and 
eosinophilic inflammatory response in the lung 
following repeated inhalation challenge to MDI. 

These dermally “sensitized” rats did not exhibit 
pulmonary effects in the absence of inhalation 
exposure, and marked respiratory changes were 
only observed after repeated inhalation challenges 
using irritating concentrations of MDI aerosol.10 

It was also demonstrated in the same study, that 
at least three to four adequately spaced challenge 
exposures using moderately irritant concentrations 
of MDI are required, after multiple dermal 
induction applications, to elicit a typical respiratory 
response. In another study animals, sensitized 
by the intradermal route, only responded during 
challenge when an irritating concentration of MDI 
(>20mg/m3) was used.4  Experimental evidence 
in animals suggests that the mechanism of 
diisocyanate-induced asthma may require at 
least two potentially independent processes: 1) 
a sequence of immunological pathways which 
activate or “sensitize” the individual’s immune 
system to an agent or allergen which may occur 
following dermal or inhalation exposure, and 2) 
airway irritation by inhalation exposure.10

Animal study data and evidence from diisocyanate 
workplaces on this issue have been considered 
by experts.11  They concluded that evidence 
demonstrated that dermal exposures to MDI 
and TDI can cause induction of sensitization 
by activating the immune system in animals 
and humans. However, experimental animal 
studies suggest that dermal exposure without a 
subsequent inhalation exposure of the respiratory 
tract is not sufficient to initiate a respiratory 
sensitization (or asthmatic) response. 
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CONCLUSION
In conclusion, dermal sensitization through activation and responses of the immune system can 
be triggered by MDI and TDI and whether such dermal exposure can lead to a respiratory disease 
state (e.g., diisocyanate-specific occupational asthma) remains to be clarified. Regardless of the 
route of induction of “sensitization,” inhalation exposures are necessary to initiate the subsequent 
respiratory response.  Thus, the role that dermal contact with diisocyanates plays in the development 
of occupational asthma remains unresolved for humans.  As a result, it continues to be prudent to 
minimize dermal exposure to isocyanates. 
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Learn more about diisocyanates, the incredible chemical building block, by watching the 
video here: https://www.americanchemistry.com/DII-Chemical-Building-Block-Video.html
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