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14.1
Introduction

Drug and chemical dermal absorption typically involves experiments conducted
using single chemicals making the mechanisms of absorption of individual chemi-
cals extensively studied. Similarly, most risk assessment profiles and mathematical
models are based on the behavior of single chemicals. A primary route of occupational
and environmental exposure to toxic chemicals is through the skin; however, such
exposures are often to complex chemical mixtures. In fact, the effects of coadminis-
tered chemicals on the rate and extent of absorption of a topically applied systemic
toxicant may determine whether toxicity is ever realized. This dichotomy between the
availability of data and the absorption models based on single chemicals with field
exposure scenarios dominated by complex mixtures deserves further attention.

It is axiomatic that for a topically applied chemical to exert systemic toxicity,
absorption across the dermal barrier is required. For a topically applied compound to
be absorbed into the skin, it must first pass through the stratum corneum, continue
through the epidermal layers and penetrate the dermis where absorption into the
dermal microcirculation becomes the portal for systemic exposure. For a chemical
with direct toxicity to the skin, systemic absorption is not required as the target cells
could be any of those comprising the epidermis or dermis.

The application of risk assessment to dermal absorption by US regulatory agencies
(EPA, OSHA, and ATSDR) is varied and highly dependent upon available data
[25, 26, 44). A similar concern over the lack of data exists for overall risk assessment of
chemical mixtures [16, 23, 24, 45]. A Congressional Commission on Risk Assess-
ment and Risk Management [20] recommended going beyond individual chemical
assessments and to focus on the broader issue of toxicity of chemical mixtures. With
complex mixtures of hundreds of components, current approaches border on the
impossible. Importantly, interactions involving the modulation of dermal absorp-
tion, and thus systemic bioavailability, have not been addressed.

It is impossible to assess all potential combinations of chemicals to determine
which has the greatest potential to modulate absorption of a known toxic entity
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14.5
Summary

This chapter has reviewed the potential effects that topical exposure to a chemical
mixture might produce compared to exposure to a single neat chemical. In fact, most
single-chemical exposures are not to neat compound but rather to a chemical in a
defined vehicle such as water, ethanol, or acetone in many toxicological studies. Itis
clear that there are significant vehicle effects that may overshadow differences
between absorption of chemicals with different properties. Such vehicle effects have
been previously noted. However, what is just as significant is the phenomenon that
chemical interactions may also be vehicle specific depending upon the physiochem-
ical properties of both the penetrating chemical and the vehicle/mixture in whichitis
dosed. The ability to dramatically improve the prediction of permeability for 12
diverse chemicals across multiple mixtures when the physical-chemical properties
of the solvent/mixture are also taken into account presents an approach that may have
future utility once fully validated. The MCF array approach provides a novel
experimental tool to quantify these mixture interactions using solvatochromatic
parameters. Even in situations where chemical permeability is similar across
mixtures, it is possible that opposing mixture interactions are at work that would
alter the toxicological interpretation of this permeability compared to control values
where no mixture additives are present.
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