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ABSTRACT : The quantitative assessment of the penetration of organic solvents through skin is necessary
Jor the evaluation of health hazards in occupational environments. We investigated the rate of dermal pen-
etration when mixed or single forms of organic solvents were placed into a diffusion cell in vitro or into an
experimental animal in vivo. The diffusion rates of methanol, toluene, and styrene were 6.07, 0.129, and
0.046 mg/cm®/h, respectively. When skin was exposed to the mixed solvent of methanol and toluene, the
penetration rate of toluene did not change significantly (0.110 mg/cmm®/h). However, the rate of methanol
penetration increased to 43.90 mg/cm®/h. The penetration rate of methanol also increased significantly to
54.69 mg/cm?/h by mixing it with styrene. The concentration of methanol in the blood was monitored dur-
ing the epicutaneous exposure in rats. The blood concentration of methanol was increased by mixing meth-
anol with toluene as seen in the in vitro experiments. These results showed that the penetration rate of
organic solvents would be enhanced by mixing them with other solvents.
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I. INTRODUCTION

The assessment of the percutaneous absorption of
organic solvents has been studied by using a diffusion
cell in vitro (Franz, 1975; Tsuruta, 1977; 1982; Lofts-
son, 1982; Dugard, 1984; Tojo, 1987; Mathias, 1983),
or an experimental animal in vivo (Tsuruta, 1975,
1977, 1984, 1987, 1989). Many of these studies have
been investigated by exposing a single solvent to the
test system. Workers are, however, more likely to be
exposed to a mixture of organic solvents in actual
occupational settings. In this study, we investigated
the percutaneous absorption of mixed organic sol-
vents using the in vitro diffusion cell method. The
absorption pattern was then compared with the in
vivo percutaneous absorption.

II. MATERIALS AND METHODS
1. Chemicals

Methanol was purchased from Merck (USA), and
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toluene and styrene were purchased form Junsei
Chemicals (Japan).

2. Experimental animals

Male Sprague Dawley rats were purchased from the
Daehan Experimental Center (Korea). The animals
were maintained under naturally and ventilated con-
ditions. Filtered water and pelletted food (Purina
rodent chow, Korea) were supplied ad libitum.

3. The measurement of in vitro skin penetration
rate

A 10 week old Sprague Dawley rat was anesthetized
with pentobarbital (60 mg/kg, Sigma, USA) and its
abdominal hair was shaved by an electrical hair clip-
per. The abdominal skin was then excised, and the
blood vessels and muscle were removed. The excised
abdominal skin was glued to the teflon O-ring of the
diffusion cell (Tsuruta, 1982) using instant glue (alpha-
cyanoacrylate). The teflon O-ring on which the excised
abdominal skin was attached was placed between the
chambers of the diffusion cell. The skin area was



2.55 cm®. The lower chamber of the diffusion cell was
filled to the top with 0.9% NaCl solution to prevent
bubbling. The upper chamber contained 500 ul of
experimental solvents. The diffusion cell was shaken
and incubated at 25°C. 500 ul samples were taken at
designated time points and analyzed with a gas chro-
matograph equipped with a head space sampler and
FID detector (Hewkett Packard 5890). The lost vol-
ume due to the sampling was refilled immediately
with fresh NaCl solution. The rate of skin penetration
was calculated by using the slope of the steady-state
linear region of the graph which is determined by the
plots along the cumulative amount of penetration of
the solvent versus the application time by using the
least-squares method as described by Tsuruta (1996).

4. The measurement of in vivo skin penetration rate

A 10 week old Sprague Dawley rat was anesthetized
with pentobarbital (60 mg/kg, Sigma, USA) and its
abdominal hair was shaven by an electrical hair cut-
ter. The glass skin absorption ring was glued to the
shaven abdominal skin by using instant glue (alpha-
cyanoacrylate). 750 ul of test solvents were then added
into the ring, and the top was sealed with a cover
glass to prevent evaporation of the solvent. To sample
the blood at designated time points, a heparin con-
tained PE-50 tube was inserted into the carotid artery
of the experimental animal. 250 ul blood sample were
taken at the designated time points, and mixed with
250 pl each of citric acid (4.8 g/), sodium citrate (3.2 gfl),
and dextrose {14.7 g/l). The solvent concentrations in
the blood were determined by gas chromatograph
equipped with a head space sampler and FID.

III. RESULTS
1. The rates of skin penetration in vitro

The rates of skin penetration for methanol, toluene
and styrene were obtained by using the diffusion cell.
The rates of skin penetration for methanol, toluene
and styrene were 6.07 mg/cm’/h, 0.129 mg/cm®/h and
0.046 mg/cm’/h, respectively (Fig. 1, closed circles;
Fig. 2A, closed circles; Fig. 2B, closed squares). When
methanol and toluene were mixed 1 : 1 together, the
rate was 43.90 mg/cm’/h for methanol (Fig. 1, closed
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Fig. 1. Skin Absorption curves of methanol and its mix-
tures with styrene or toluene. Each regression line was cal-
culated by the least squares method. Vertical bars represent
a mean and standard error of 4 different experiments.

squares) and 0.110 mg/cm*h for toluene (Fig. 2A,
open circles). When comparing the mixed solvent to
the single solvent, there was virtually no change in the
rate of skin penetration for toluene. However, there
was major difference regarding methanol; the rate of
skin penetration increased approximately 6 times in
the mixed solvent than that of the single solvent.
Again, when methanol and styrene were mixed 1 : 1
together, the rates for methanol and styrene were
54.69 mg/cm®/h (Fig 1, closed triangles) and 0.056 mg/
cm’h (Fig. 2B, open squares), respectively. The rate
of skin penetration for methanol increased nearly 9
fold while styrene remained at a constant rate. All the
methanol penetrated the skin within 2 hours (data
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Fig. 2. Skin absorption curves of toluene and styrene. A,
toluene and its mixture with methanol; B, styrene and its
mixture with methanol. Vertical bars represent a mean and
standard error of 4 different experiments.
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Fig. 3. Blood concentration of methanol absorbed through
skin in vivo. Vertical bars represent a mean and standard
error of 3 different experiments.

not shown).
2. The rate of skin penetration in vivo

The rate of skin penetration for methanol increased
significantly in the mixed form of methanol and toluene
than methanol alone. The rates of penetration in vivo
monitored from blood samples were very similar to
those obtained from the in vitro experiments (Fig. 3).

IV. DISCUSSION

Several factors play an important role in determin-
ing the rate of skin absorption (Philippe Grandjean,
1990). The vehicle is one of important factors of skin
absorption. In occupational settings, chemicals are
usually used as mixtures, and the majority of chemi-
cals encountered in industry are rarely used in pure
form. The barrier function of skin depends on hydra-
tion, age and damage, etc. In our experimental results,
when the skin was exposed to the mixed solvents of
methanol with styrene or toluene, the rate of skin
penetration for styrene or toluene did not change, but
the rate of skin penetration for methanol increased
nearly 10 fold in the mixed solvents in comparison to
methanol alone. In our experiment, non-polar sol-
vents, toluene and styrene might extract or dissolve
non-polar components of the epidermis, thus facili-
tating the diffusion of polar solvents such as methanol.

There is a report that methanol may cause severe

local damage to the skin (NIOSH, 1976). Tsuruta (1996)
reported that methanol enhanced the absorption of
toluene and the skin absorption rate of toluene in tol-
uene/methanol mixtures exhibited a parabolic rela-
tionship to the mixed ratio. The report further sug-
gested that methanol was a good penetration enhancer
such as DMSO, N,N-dimethylacetamide and N,N-dim-
ethylformamide. Our results, however, showed metha-
nol did not enhance the absorption of toluene in vitro.
More detailed studies concerning the effect of alco-
hols on the rate of skin penetration should be done.
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