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Understanding and quantifying dermal absorption of che-

micals and identifying factors w hich gov ern this process is

necessary for assessment of human health risk . 

T he project described in this thesis aimed at (1) generating

in  v iv o human data by using different methodology and

(2 ) inv estigating factors w hich gov ern absorption proces-

ses.

D ermal absorption w as assessed for the follow ing model

chemicals: 2 -butox yethanol ( B E ) , sodium lauryl sulphate

( S L S )  and polyethylene glycol oligomers ( P E G )  ranging in

molecular w eight from 1 5 0  to 5 9 0  D a. D ue to its ex cel-

lent lipophilic and hydrophilic properties, B E  is a fre-

quently used solv ent in industry and household, and

information on the percutaneous absorption of this che-

mical in humans in  v iv o is limited. S L S  is an anionic sur-

factant w hich is a common constituent of detergents and

soaps and dermal ex posure to this chemical in ev eryday

life is frequent.  S L S  is a potent sk in irritant, and the

ex tent of absorption might therefore contribute to the

ex tent of irritation. P E G  is a polymer frequently used in

intestinal and corneal permeability research. T he adv anta-

ges of P E G  as a model compound include its av ailability

in a w ide range of molecular w eights and the fact that the

solubility of indiv idual oligomers is not confounded by

the molecular w eight.

A mong factors w hich may affect the ex tent and rate of

dermal absorption w e inv estigated (1) the influence of

w ater as a v ehicle on dermal absorption of B E , (2 ) the

influence of molecular siz e of P E G s on dermal absorption

and (3 ) the role of sk in condition in the absorption of

S L S  and P E G s in the sk in of atopic dermatitis ( A D )

patients and in the absorption of P E G s in the sk in com-

promised by S L S .

D erm al absorption of 2- bu tox y ethanol

O ne study describes the assessment of dermal absorption

of B E  by using tw o different methods: biological monito-

ring ( B M )  and microdialysis ( for ex planation see further) .

Using B M  method, dermal absorption of neat B E , 9 0  %

and 5 0  %  aqueous solution of B E  w as determined by

measuring the concentration of B E  in blood and of its

major metabolite 2 -butox yacetic acid ( B A A )  in urine after

dermal ex posure and after inhalation ex posure, the latter

serv ing as a reference dosage. T he av erage dermal absorp-

tion rates of neat, 9 0  %  and 5 0  %  aqueous solutions of

B E  as determined from the 2 4 -hour ex cretion of B A A  in

urine amounted to 0 .2 6  ± 0 .1 7 , 0 .9 2  ± 0 .6 0  and 1 .3 4  ±

0 .4 9  mg cm-2 h-1 . M ore detailed dermal k inetics could be

deduced from the time course of B E  concentration in

blood. Using the linear system dynamics method based on

mathematical (de)conv olution, the dermal absorption rate

as a function of time w as obtained. T his enabled us to cal-

culate the max imal absorption rate and the permeability

coefficient. T hese tw o parameters are important because

they are used for comparison w ith in  v itr o assays. In addi-

tion, mathematical predictiv e models are based on perme-

ability coefficients. T he permeability coefficients of 5 0 %

and 9 0 %  aqueous solutions of B E  w ere 1 .7 5  ± 0 .5 3  x  1 0 -3

cm h-1 and 0 .8 8  ± 0 .4 2  x  1 0 -3 cm h-1 , respectiv ely. T he per-

meability coefficient of neat B E  could not be determined

because the concentrations of B E  in blood w ere under the

detection limit of the analytical method.

M icrodialysis show ed to be a useful technique for determi-

nation of dermal absorption k inetics. In this study, semi

permeable microdialysis probe w as inserted in the dermis

under the ex posed sk in site, in parallel to the sk in surface.

T his probe w as continuously perfused w ith physiological

solution and dialysate w as collected at regular interv als for

the analysis of B E . A lthough the respectiv e permeability

coefficients for 5 0 %  and 9 0 %  aqueous solutions of B E  of

6 .1  ± 2 .2  x  1 0 -3 cm h-1 and 2 .5  ± 2 .3  x  1 0 -3 cm h-1 w ere

higher than the v alues obtained by B M  method,  the

enhancing effect of w ater w as consistent in both studies.

T he microdialysis technique show ed to be suitable for stu-

dying sk in metabolism w ithout interference from the

systemic compartment. T he dermal metabolism seemed to

be low , the amount of B A A  w as approx imately 1  %  of the

amount of  B E  in the same dialysate.

B E  is readily absorbed through the sk in and the results

show ed that dermal absorption of B E  from w ater solution

is increased mark edly compared to neat B E . E v en w ater

addition as low  as 1 0 %  led to an approx imate four-fold

increase in absorption rates. T h e se  fin d in g s a r e  im p o r ta n t

fo r  h e a lth  r isk  a sse ssm e n t o f o c c u p a tio n a l e x p o su r e  to  B E ,

sin c e  B E  is c o m m o n ly  u se d  in  m ix tu r e s c o n ta in in g  w a te r. T h e

d e r m a l u p ta k e  o f a q u e o u s so lu tio n s o f B E  w a s su b sta n tia l:

a ssu m in g  a  6 0 -  m in u te  sk in  c o n ta c t o f a n  a r e a  o f 10 0 0  c m 2 ,

th e  d e r m a l u p ta k e  w o u ld  b e  fo u r  tim e s h ig h e r  th a n  th e  p u l-

m o n a r y  u p ta k e  o f a n  8 - h o u r  e x p o su r e  a t th e  o c c u p a tio n a l

lim it v a lu e  fo r  B E . T h e  r e su lts c le a r ly  ju stify  th e  in tr o d u c tio n
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of a skin notation for BE. 

To explore the applicability of BAA as a biological indica-

tor of exposure to BE we studied the excretion pattern of

free and conjugated BAA after both inhalation and dermal

exposure to BE. The results revealed high intra- and inter-

individual variation in conjugation of BAA varying from

2-100% of total excretion. The use of only free BAA as

indicator of exposure in present BM programs will there-

fore lead to erroneous estimation of the internal dose.

Since conjugation changes with time, the time and dura-

tion of sampling would influence the outcome. The result

of our study indicated total BAA, due to lower inter-indi-

vidual variability, as a superior biomarker of exposure over

free BAA. 

Dermal absorption of chemicals through

compromised skin

The absorption of model chemicals was determined in

normal and compromised skin by means of the tape strip-

ping technique. After end of exposure the whole SC  was

removed subsequently by adhesive tapes on which the

amount of the chemical was determined. The penetration

parameters, i.e. diffusion coefficient and partition coeffi-

cient, were determined by best-fit regression of the con-

centration of SLS or PEGs as a function of relative SC

depth using an approach based on F ick’s second law of

diffusion. In healthy subjects the diffusion coefficient for

SLS was 6.2 ± 3.0 x 10-9 cm2 h-1 and for PEGs it ranged

from 1.9 ± x 10-9 (590 Da) to 8.4 ±x 10-9 cm2 h-1 (150

Da). The partition coefficient was 196 for SLS and it ran-

ged from 1.66 (150 Da) to 1.87 (590 Da) for PEGs.  

Patients with atopic dermatitis (AD) showed increased

trans-epidermal water loss (TEW L): 8.4 ± 4.3 g m-2 h-1

compared to 6.3 ± 2.0 g m-2 h-1 in controls. Given the

similar SC  thickness in both groups this implicates a less

effective barrier for water. The diffusion of both SLS and

PEGs through uninvolved AD skin was enhanced, being

twice as high as through normal skin, while the partition

coefficient between the SC  and water was 30 % and 50 %

lower, respectively. The observed enhanced diffusion and

lower partitioning tended to be more pronounced in

patients with active AD compared to those with inactive

AD. This indicates that state of disease influences permea-

bility of the skin which is visibly not affected by AD. 

Absorption of PEGs into the SC  was also investigated in

the skin compromised by SLS. The SLS pre-treatment

caused moderate barrier impairment: the TEW L increased

from 6.3 to 17.9 g m-2 h-1. The skin compromised by SLS

showed both an increased diffusion and partitioning of

PEGs into the SC . 

As expected, the diffusion of PEGs decreased with the

MW  in normal skin, skin of AD patients and in SLS-com-

promised skin. The gradual decrease of diffusion with

increasing molecular weight is in agreement with recent

findings that hydrophilic chemicals show less strong

dependence of diffusion on the molecular weight than

lipophilic chemicals. This might support existence of two

different transport pathways through the SC  for hydrophi-

lic and lipophilic chemicals. 

The partition coefficient showed no MW  dependence in

normal and AD skin; however, in the skin compromised

by SLS the partitioning showed an unexplained increase

with increasing MW .

These studies, are the first to have experimentally shown in

vivo that the barrier for chemicals other than water is altered

in the visibly not affected skin of AD  patients. 

(opmerking van de redactie: de samenvatting van het proef-

schrift is door de redactie iets ingekort)


