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Procedure for Studying Dermal Absorption

Robert P. Zendzian Ph.D.

Senior Pharmacologist

Toxicology Branch, HED

Office of Pesticide Programs, EPA

Introduction

This paper presents a general procedure for dermal
absorption studies on pesticides which is applicable to any
compound or formulation of a compound. The study requires
application of various doses of radiolabeled compound to the
shaven skin of male rats followed, at specific intervals
after dosing, by total urine and fecal collection, determina-
tion of blood concentration, determination of the quantity
in the body and determination of the quantity remaining on
the skin. It is assumed that a metabolism study of the
test compound has been performed in the rat before the
dermal absorption study is undertaken.

The rat is used for purely practical reasons, it is
not intended as a model of absorption through the human
skin but rather as a test system for dermal absorption. The
domestic rat is a conveniently sized animal, which is
readily available and used for most of the toxicology
studies on pesticides including metabolism. Because of its
small size, several animals can be used per dose and several
dose levels per compound within the constraints of time and
resorces. Foreign compounds in general pass more rapidly
through rat skin than through human skin and thus determina- -
tion of dermal penetration in the rat offers a built-in
safety factor for projection to human exposure.

The study described here combines two different types
of dermal absorption studies in a manner which can compensate
for their individual deficiencies and simultaneously cover
the full range of possible dermal absorption patterns. The
first type of study involves placing a measured quantity of
compound on the skin for a specific period of time. The
animal is then killed and the treated skin is removed. The
quantity remaining on the skin is determined and the quantity
of compound absorbed is calculated by subtraction. This
method works very well for small quantities of a compound
which does not fall or vaporize off of the skin. Large
quantities, volatile compounds or strange solvents, cannot
be used in this procedure.

The second type of study measures what goes into the
animal. The compound is applied to the skin in a measured
dose and the quantity in the body and the guantity excreted
for a specific time period is measured. The procedure has
greater possibilities for error in very low doses, for
compounds which are not rapidly excreted and for compounds
which are completely metabolized to COjp, water and urea.
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The treated animals are placed individually in metabo-
lism cages. All urine and feces are collected, a single -
collection for the entire duration of exposure. At intervals
of 1/2, 1, 2, 4, 10 and 24 hours, four animals per dose
are anesthetized. The exposed skin and residual compound
are collected separately by washing the skin with a mild
_soap solution followed by several water rinses. Liquid
Ivory or Dove for dishwashing is suggested. The skin must
be washed before killing the animals, as up to three fold
differences have been observed in the ability of skin on
the live animal and skin from the killed animal to bind
test compounds. The animals are killed, a blood sample
taken, and residual urine collected from the bladder and
added to the collected urine. Any material on the protective
appliance is measured. The remainder of the animal is
prepared for determination of the quantity of compound in
the carcass. : :

For each animals the following determinations are
made. Results are expressed as quantity or concentration
of the parent compound and as percent of applied dose.
Metabolites are not separately distinguished.

1) The quantity of the compound in/on the application
device and the protective appliance.

2) The quantity of compound that can be washed from the
skin.

3) Quantity of compound remaining on/in the skin at
the application site which cannot be removed by washing.

4) Concentration of compound in the blood and from
this the quantity of compound in the blood.

5) Quantity of compound excreted in the urine and feces.
6) Quantity of material remaining in the carcass.

Results and Conclusions

From the quantity determined in parts 1 and 2 above
one may calculate, by subtraction the quantity absorbed
provided that other routes of loss are not significant.
Excessive variation of results within groups at the same
time and dose will indicate external loss of the dose.

From the quantity in the skin, the quantity excreted,
the quantity in the blood and the quantity remaining in
the carcass one may obtain directly the quantity absorbed.
The quantity which cannot be removed from the skin by
washing is considered potentially able to be absorbed and,
if the amount is large, special studies may be required to
quantitate its potential for absorption.
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For regulatory purposes one must assume that this
material is available for further absorption. However,
this may not be true particularly in cases were little or
no detectable compound appears in blood, excreta and/or
carcass. However, studies such as the one suggested below
have shown that absorption of the residue following washing
can range from none detectable to essentially all, over a
period of two weeks after dosing. :

In such cases the following additional study is sug-
gested.

1) Eight rats per dose are treated for the time period
which shows the maximum skin concentration (or ten hours).

2) At the end of the exposure period 4 rats per dose are
treated as in the basic protocol.

3) The skin of the remaining 4 rats per dose, is washed in

the same fashion used in the basic study and the animals
followed for at least an additional 72 hours. A study which
carried the post-wash period for up to three weeks showed
maximum absorption at two weeks. This appears to be a
practical limit for observation. '

4) The animals are then treated as in the basic protocol.

A balance comparison of the various residues will
give some indication as to whether or not the quantity in
the washed skin can be absorbed and quantitation of any
absorption. If absorption occurs it may be necessary to
repeat this process with longer post washed periods to
obtain a quantitation of absorption over time.

Forth Edition
Revised
September 18, 1987

Including
California Modifications
October 9, 1985

Please note. This procedure has been developed by the
experimental work performed on pesticides by Registrants in
their own or contract laboratories. Their continued work
provides valuable and unique information on improving the
experimental design and methodology. It is strongly advised
that you contact the Agency before performing a dermal
absorption study on a pesticide in order to take advantage
of the most recent information. You may submit your protocol,
through the Registration Division, for evaluation by the
author of this document.



