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Erythema-inducing effects of solvents following
epicutaneous administration to man — Studied
by laser Doppler flowmetry

by Jan E Wahlberg, MD'

WAHLBERG JE. Erythema-inducing effects of solvents following epicutaneous administration to man
— Studied by laser Doppler flowmetry. Scand J Work Environ Health 10 (1984) 159—162. Skin exposure
to solvents can cause erythema, edema, scaling, and, eventually, irritant contact dermatitis. The irritant
potential of chemicals is usually assessed by visual scoring, but in recent years a more objective measuring
technique, laser Doppler flowmetry (LDF), has been introduced for the assessment of erythema. The
method is noninvasive and allows continuous recording. In the present study 11 solvents were applied
for 5 min or less to the volar forearms of a man and the kinetics of the response is shown. For seven
solvents (dimethy! sulfoxide, trichloroethylene, n-hexane, carbon tetrachloride, toluene, 1,1,1-trichloro-
ethane, 1,1,2-trichloroethane) an increase was found over the pretreatment values, whereas four solvents
(methyl ethyl ketone, ethanol, propylene glycol, distilled water) did not influence blood flow. The
findings are discussed in relation to the macroscopic picture (whitening and erythema) and in relation
to previous studies of the edema-inducing effects of the same solvents on man and experimental animals.
It is concluded that LDF is well worth trying in cases of marginal irritancy and for predictive testing,

since it seems to be more sensitive and reliable than the naked eye.

Key terms: irritant contact dermatitis, new objective method, predictive testing, whitening.

Skin exposure to solvents in industry is one of the
common causes of irritant contact dermatitis (1, 2, 6,
7). Their defatting capacity is also claimed to impair
the barrier function of the skin and thereby facilitate
the penetration of other irritants and allergens and
chemicals with inherent systemic toxicity, eg, metals
and pesticides.

It has been shown that an inverse correlation exists
between the boiling point of a solvent and its primary
irritant effect (4). Assessment of the irritant potential
of chemicals is usually undertaken through examina-
tion of the exposed skin sites and with the use of dif-
ferent scores for the degree of erythema, edema,
scaling, pupules, etc. However, the subjectivity of the
traditional visual scoring system has been criticized
(16), and more objective methods are desirable. In
recent years laser Doppler flowmetry has been ap-
plied for quantitative assessments of the erythema (8,
13, 15), and skinfold thickness measurements have
been used for the edema (12). In previous studies (14,
15) nine solvents were applied topically to human,
rabbit, and guinea-pig skin, and the resulting edema
(ie, fluid accumulation) was assessed by skinfold
thickness measurements with a caliper.
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The aim of the present study was to assess the
erythematous response of the same solvents objec-
tively and quantitatively when applied topically to
human skin and to compare the findings with previ-
ous results (14, 15).

Materials and methods

Solvents
Carbon tetrachloride (analytical grade), n-hexane
(analytical grade), methyl ethyl ketone (analytical
grade), toluene (analytical grade), trichloroethylene
(extra pure) and 1,2-propylene glycol (all E Merck,
Darmstadt, Federal Republic of Germany), dimethyl
sulfoxide (DMSO), 1,1,1-trichloroethane (analytical
grade), 1,1,2-trichloroethane (pure) (Fluka AG,
Buchs SG, Switzerland), ethanol, and distilled water
were the solvents tested.

Trafuril® (CIBA) was used as a positive control
(15).

Laser Doppler flowmetry

The apparatus (Periflux®, Perimed, Stockholm,
Sweden) and the measuring technique have been
described in detail in previous studies with sodium
lauryl sulfate (8) and alkaline solutions (13).

Administration
The solvents (neat) were applied to the volar fore-
arms of a healthy man in the following two ways:
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Figure 1. Blood flow values (BFV)
after 5-min exposure in excess to di-
methyl sulfoxide (— - ), trichloroethy!-
ene (----}, n-hexane and carbon tetra-
chloride (— —), toluene (—-—), and
1,1,1-trichloroethane and 1,1,2-trichlo-
roethane (——). Four solvents {(methyl
ethyl ketone, propylene glycol, ethanol,
and water) did not influence blood
flow. Pretreatment BFVs are depicted
to the left of the arrow.

Figure 2. Blood flow values after 1
(----), 3(—-—), and 5 (— —) min of ex-
posure to trichloroethylene in excess.

Figure 3. Blood flow values after 1
(----- ), 3 (—-—), and 5 (— —) min of ex-
posure to 0.1 ml of dimethyl sulfoxide;
0.1 mi of the other 10 soivents did not
influence blood flow.



1. A glass ring with an inner diameter of 20 mm (11)
was fastened with rubber bands. The solvents were
administered in excess (1.5 ml) so that the entire test
site (3.1 cm?) was covered. No occlusion was used.
After 5 min the remaining solvents were removed
with cotton and the test sites dabbed dry. The re-
cording started 6 min after the application. For tri-
chloroethylene exposure, times of 1 and 3 min were
also used.

2. Solvent (0.1 ml) was pipetted onto the skin and
was allowed to spread freely and evaporate. After 5
min the test sites were dabbed with cotton. The mea-
suring probe was attached, and the recording started
6 min after the application. For DMSO exposure,
times of 1 and 3 min were also used.

Visual scoring

All sites were examined for erythema, whitening,
edema, scaling, etc.

Results

Laser Doppler flowmetry

The output signal from the laser Doppler flowmeter
is expressed in relative and dimensionless blood flow
values (BFV) (8).

Excess administration: 1.5 ml on 3.1 cm?. Exposure
for 5 min caused an immediate increase in blood flow
after the first method of administration for seven sol-
vents (DMSO, trichlorethylene, n-hexane, carbon tet-
rachloride, toluene, 1,1,1-trichloroethane, and
1,1,2-trichloroethane) when compared to the pretreat-
ment flow values (figure 1). Carbon tetrachloride and
n-hexane yielded identical curves, as did 1,1,1- and
1,1,2-trichloroethane, and therefore only one solvent
from each group is shown in figure 1. For n-hexane
a gradual increase to maximum at 15 min was ob-
served, while for the other solvents the maximums
were reached as early as 6—10 min after the admini-
stration.

Four solvents (methyl ethyl ketone, ethanol, pro-
pylene glycol, and water) did not influence blood
flow.

For six of the seven solvents causing an increased
blood flow, the pretreatment values were reached
within 60 min, while the blood flow in sites exposed
to DMSO remained the same for more than 24 h.

For trichloroethylene shorter exposure times of 1
and 3 min also caused an increase in blood flow (fig-
ure 2). The ptetreatment values were reached within
20—30 min.

Administration of 0.1 ml. DMSO (exposure times 3
and 5 min) caused a clear response (figure 3) after the
administration of 0.1 ml, while the other 10 solvents

did not influence blood flow, probably due to evapo-
ration.

Macroscopic picture

Exposure in excess (1.5 ml on 3.1 cm?) for 5 min
gave rise to whitening and erythema. Spontaneous
transient whitening was observed for methyl ethyl
ketone, ethanol, 1,1,2-trichloroethane, and carbon
tetrachloride. A marked and persisting erythema was
observed for DMSO and trichloroethylene, and tran-
sient erythema for toluene. Trichloroethylene for 1
and 3 min caused transient whitening and then ery-
thema. A slight and transient erythema appeared
after 10—20 min of exposure to 1,1,1,-trichloro-
ethane, carbon tetrachloride, and n-hexane.

With the exception of DMSO, exposure to 0.1 ml
of the solvents caused no erythema. When the test
sites were gently rubbed with gauze after 10 s of expo-
sure, whitening was observed for eight solvents, the
only exceptions being DMSO and propylene glycol.

Subjective sensations

Stinging and/or burning was noticed after exposure
to n-hexane, 1,1,2-trichloroethane, trichloroethyl-
ene, DMSQO, and toluene, and to a less marked extent
to 1,1,1-trichloroethane.

Discussion

Laser Doppler flowmetry is a newly introduced tech-
nique for measuring tissue blood flow (9, 10). The
method is noninvasive and allows continuous record-
ing. In dermatology it has been applied, for among
other purposes, for the assessment of erythema in
skin irritancy reactions (8, 15), for the assessment of
erythema after the topical administration of nicotin-
ates (3), and also for the assessment of Raynaud’s
phenomenon (5) and other conditions involving im-
paired peripheral circulation.

The method seems to be more sensitive and reliable
than the naked eye for the assessment of skin irri-
tancy reactions (8, 15). An oil used in industry and
claimed to have caused rashes on exposed workers
was found to cause a gradual increase in blood flow
recorded with the flowmeter, but no visible erythema
(13).

As demonstrated in figures 1 and 2, seven solvents
administered in excess caused increased blood flow
with varying kinetics of the response, while the visible
erythema was much harder to quantify. DMSO, tri-
chloroethylene, and toluene gave rise to a marked
erythema, and three other solvents to slight and
transient erythema. The naked eye failed to detect the
increased blood flow recorded with the flowmeter for
1,1,2-trichloroethane.

The whitening of the skin after exposure to sol-
vents is a well known feature, but it has seldom been
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Table 1. Ranking of erythema- and edema-inducing effects of solvents after topical administration to man and experimental
animals. (Ranked in order of potency, 1 being the most potent, 6 the least)
Edema
Erythema . .
Solvent Laser Doppler flowmetry Skinfold thickness measurements (14, 15)
(figure 1) Rabbit Guinea pig
Trichloroethylene 1 1 1
Dimethyi sulfoxide 2 Not tested Not tested
n-Hexane 3 4 5
Carbon tetrachloride 3 2 4
Toluene 4 1 2
1,1,1-Trichloroethane 5 2 4
1,1,2-Trichloroethane 5 1 3
Ethanol — 6 6
Propylene glycol — 5 6
Methyl ethyl ketone — 3 6
described in the literature (1). The observed whit- 2. Fregert S. Manual of contact dermatitis. Munksgaard,
ing did not d to a decrease in blood flow Copenhagen 1981
emng .1 nlo (':orrespon oa ecr.e €1 N ’ 3. GuyRH, Wester RC, Tur E, Maibach HI. Noninvasive
and this finding supports the view that it reflects assessments of the percutaneous absorption of methyl
changes in structure and the removal of skin lipids nicotinate in humans. J Pharm Sci 72 (1983)
rather than vasoconstriction. . 11877;10]73- Brill FA. Correlation of boii .
. . v . audaer , brI1 AL Lorrelation o o1lIng ranges o
. The interrelationship be.tween erythema and edema some petroleum solvents with irritant action on skin.
is somewhat unclear, but in most cases the erythema Arch Dermatol 56 (1947) 197—215.
is supposed to be the initial event. §. Kristensen JK, Engelhart M, Nielsen T. Laser-Doppler
Some findings from previous studies on solvents me?sureg‘ems of digital bg’Od flow gegulation in nor-
. . mals and in patients with Raynaud’s phenomenon.
(14, 15) ar'e reviewed in table. 1, where they are ranked Acta Dermato Venereol 63 (1983) 43—47.
on the basis of edema-inducing effects after repeated, 6. Malten KE. Thoughts on irritant contact dermatitis.
open exposures. This mode of application did not in- Contact Dermatitis 7 (1981) 238—247.
duce edema in human skin, and it was assumed that 7 ﬁ?l&;n HKE’ Slprun b, Bogmaafs I_IIGI\I/ZI. d? dKCIZef
. . . . Horny layer injury by solvents. Berufsderma-
the solvents evaporated (14). For guinea pigs, tri tosen 16 (1968) 135—147.
chloroethylene was found to be the most potent 8. Nilsson GE, Otto U, Wahlberg JE. Assessment of skin
edema-inducing solvent and was then ranked first; irritancy in man by laser Doppler flowmetry. Contact
then came toluene (ranked second), etc. 9 B?Irma“‘c{fES %19?2);%,1—6;06- PA. A inst .
- . . . 1Isson , lenlan N erg . new nstrumen
A C(')mparlson (table 1) of the erythema-mducmg for continuous measurements of tissue blood flow by
effect in man after one exposure (figure 1) and the light beating spectroscopy. IEEE Trans Biomed Eng 27
edema-inducing effect in animals after 10 exposures (1980) 12—19. B .
shows that trichloroethylene is a potent inducer of 10 INIISSOB GEI’ Teﬂ“la“d tT ?berg PA. Evaluall(;n of a
. aser oppier owmeter Ior measurement of tissue
both erythema and ede'ma. On the other hand, for blood flow. IEEE Trans Biomed Eng 27 (1980)
toluene and 1,1,2-trichloroethane, the edema- 597—604.
inducing effect seems to dominate. 11. Wahlberg JE. Disappearance measurements, a method
The purpose of this report was to introduce a new for studying percutaneous absorption of isotope-
method of assessment d the findi -annot b labelled compounds emitting gamma-rays. Acta Der-
. ssessment, and the hndings cannot be mato Venereol 45 (1965) 397-—414.
generalized. However, in a forthcoming paper, the 12, Wahiberg JE. Assessment of skin irritancy: Measure-
variation with age, sex, site, exposure time, concen- ments of skin fold thickness. Contact Dermatitis 9
tration, etc, will be elaborated. (1983) 21—26. . .
. ) . 13. Wabhlberg JE. Skin irritancy from alkaline solutions as-
It is concluded that laser Doppler flowmetr.y is well sessed by laser Doppler flowmetry. Contact Dermatitis
worth trying for cutting fluids, detergents, acids, and 10 (1984) 111.
for other cases where exposure to irritants is sus- 14. Wahlberg JE. Edema-inducing effects of solvents fOl;_
pected or claimed, and for predictive testing (skin {?Xlwgh E?rf";ﬁ‘elssfdm‘ms”a“o“' Dermatosen  Beru
cleansing agents, medicaments., .Cosm'etics, .etC). The s, Wabhlberg JE, Nilsson GE. Skin irritancy from pro-
exposure time, mode of administration (single, re- pylene glycol. Acta Dermato Venereol (in press).
16. Weil CS, Scala RA. Study of intra- and interlaboratory

peated) and concentration of the test substance can
be varied. This measuring technique is not claimed to
replace the traditional visual scoring. However, in ca-
ses of marginal irritancy, or where the test sites look
normal to the naked eye, it can furnish additional in-
formation.
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