Contact Dermatitis, 1998, 39, 123—126
Printed in Denmark . All rights reserved

Copyright © Munksgaard 1998

CONTACT DERMATITIS
ISSN 0105-1873

Thimerosal positivities: the role of SH groups and
divalent ions

B. SanTucct, C. CANNISTRACI, A. CRISTAUDO, E. CAMERA AND M. PICARDO
San Gallicano Dermatological Institute, Via San Gallicano 25a, 00153 Rome, Italy

For a better understanding of the mechanistic details of the interactions of organomercury com-
pounds inside the skin, 32 subjects who previously had given positive patch-test reactions to thi-
merosal (TH) and negative reactions to thiosalicylic acid, were divided into 2 groups. 16 subjects
were repatch tested to ethylmercury chloride (EtHgCl) and to solutions containing EtHgCl mixed
with L-cysteine and glutathione, respectively. The remaining 16 were repatch tested to EtHgClI and
to solutions containing EtHgCl mixed with chlorides of Zn, Mg, and Mn, respectively. The results
showed that whilst L-cysteine, glutathione and ZnCl, were able to abolish or to reduce the positive
reactions to EtHgCl, chlorides of Mg and Mn were unable to do so. Patch tests revealed that in
causing positive reactions to TH, EtHg probably interacted with thiol groups and with Zn ions,
as in biological systems when causing toxic effects. The limited number of TH reactions in the
general population, the constant presence of concomitant positive reactions to EtHgCl and
MeHgCl, and the lack of cross-reactivity with other organic or inorganic mercury compounds,
lead us to speculate that reactions to TH are due to organomercury alkyl compounds, and that
positive subjects have a constitutively reduced capability to metabolize organomercury compounds,
rather than to reveal previous exposure.
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In a previous paper (1), we showed that a group
of subjects reacting to only thimerosal (TH) when
patch tested to the same amount of both ethylmer-
cury chloride (EtHgCl) and methylmercury chlor-
ide (MeHgCl) were consistently able to give con-
comitant positive reactions. Since we previously
showed that in weak acidic solutions, TH easily
released EtHg moieties (2), we suggested that the
reactions to TH were due to organomercury alkyl
compounds. Mercury is not an essential metal and
there is not a biological requirement. Conse-
quently, the application of substantial amounts of
organoalkylmercury compounds to the back might
present a hazard. The reason for cutaneous reac-
tions to TH is not clear (3) and so there is a need
for a better understanding of the chemical species
and mechanisms which initiate cell damage, lead-
ing to the harmful effects.

The chemistry of degradation of TH in biologi-
cal systems is complex. Recently, it has been shown
that TH in solution degrades in 2 stages (4). The
Ist is the dissociation of TH. The 2nd, a redox
reaction involving the oxidation of thiosalicylic
acid to produce dithiosalicylic acid, with a corre-
sponding reduction of ethylmercury chloride to

metallic mercury. This 2nd step determines the de-
gree of degradation. Organomercury alkyl com-
pounds are resistant to environmental degradation
and, due to their lipophilicity are significantly ab-
sorbed on skin contact (5) and will easily cross
cellular membranes (6, 7). Once they penetrate into
the skin, they may act as xenobiotic compounds
undergoing processes of cellular metabolism and
removal. In biological systems, organomercury al-
kyl compounds are partially converted into inor-
ganic mercury (6, 7). The microsome fraction in
rat liver (8) and the intraphagosomes of phagocytic
cells, such as polymorphonuclear leukocytes,mac-
rophages, monocytes and eosinophils (collected
from humans, rats, guinea pigs, and rabbits), are
reported to degrade MeHg and EtHg into inor-
ganic mercury (9).

Metals have many complex actions on different
cellular structures which are poorly understood
(10). Like other transition metals, mercury and its
specific chemical forms exert their harmful effects
by binding to the essential parts of molecules, al-
tering their normal cellular function. In addition,
they may interact with other ions present in solu-
tion. In living systems, mercury and its compounds
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predominantly form complexes with sulfhydryl
(SH) groups (6, 7). Because of the abundance and
the different affinity of the individual thiol groups,
mercury probably distributes itself irregularly
among the various molecules to which it binds. Thi-
ol groups may act as endogenous chelating sub-
stances and play a defensive role, thereby limiting
the access of the metal to the cells and its toxic ef-
fects (11).

The aim of the present paper was to ascertain
whether either some SH-containing substances or
divalent ions influenced the cutaneous reactions to
EtHgCl contained in TH. Therefore, we patch
tested our TH-positive patients to solutions con-
taining EtHgCl mixed with L-cysteine, glutathione,
and with chlorides of divalent ions such as Mg,
Mn, and Zn, respectively.

Materials and Methods

32 subjects who previously gave positive patch test
reactions to sodium ethylmercurythiosalicylate
0.1% pet. (Hermal) and negative reactions to 8 ul
of thiosalicylic acid 0.05% aq./eth. (50:50), gave
their consent to this study. The patients were di-

Fig 1. Positive patch test reactions to EtHgCl were inhibited by
mixed solutions containing L-cysteine and glutathione.

Fig 2. Positive patch test reactions to EtHgCl were inhibited
only by mixed solutions containing ZnCl,.

vided in 2 groups and repatch tested in accordance
with the following plan:

Group 1. 16 subjects were tested with 8 ul of
EtHgCl1 0.0165% eth. and to 8 ul of 2 mixed solu-
tions containing EtHgCl 0.0165%+ L-cysteine
0.058%  (molar ratio 1:3) and EtHgCl
0.0165%+ glutathione 0.114% (molar ratiol:3), re-
spectively.

Group 2: The remaining 16 subjects were tested
to 8 ul of EtHgCl 0.0165% eth. and to 8 ul of 3
mixed solutions containing respectively EtHgCl
0.0165%+ZnCl, 0.075% (1:3 w/w), EtHgCl
0.0165%+MgCl, 0.075% (1:3 w/w), and EtHgCl
0.0165+MnCl, 0.075% (1:3 w/w). The ratio has
been reported as 1:3 with respect to TH, because
we have considered the % of EtHgCl contained in
the TH molecule.

Patch tests were carried out using Al-test on Le-
ucotest for all the solutions.The panel containing
the Al-test was arranged in a vertical row and ap-
plied to the back. The distance between the patches
was 3 cm. Patch tests were read in all subjects at 2
and 4 days. Since there were no significant vari-
ations in the reactions, the results were scored at
D2 in accordance with ICDRG guidelines. Visual



THIMEROSAL POSITIVITIES 125

scoring was used in comparing the differences be-
tween the positive responses found to EtHgCl and
those to the mixed solutions.

The substances used were: sodium ethylmer-
curythiosalicylate 0.1% pet. (Hermal), thiosalicylic
acid (Aldrich, purity 97%, M.W. 154.19), EtHgCl
(Alfa, purity 97.7%, M.W. 265.13), L-cysteine hy-
drochloride anhydrous (Fluka, purity 99.5, M.W.
157.62), glutathione reduced (Merck, purity 98%,
M.W. 307.33), MgCl,x6H,O (Merck, purity
99.5%, M.W. 120.4), MnCl,x4 H,O (Fluka, pu-
rity, 99%, M.W. 197.91), and ZnCl, (Fluka, purity
98%, M.W. 136.29).

Results

Group 1: All subjects gave a positive reaction to
EtHgCl. The mixed solutions containing L-cysteine
abolished the EtHgClreactionsin 11 subjects and re-
duced the reactions in the remaining 5 subjects. The
mixed solutions containing glutathione abolished
the EtHgClreactionsin 14 subjects (Fig. 1)and inhib-
ited the reactions in the remaining 2 subjects.

Group 2: All subjects gave a positive reaction to
EtHgCl. The mixed solutions containing ZnCl, abol-
ished the positive reactions to EtHgCl in 14 subjects
(Fig. 2) and reduced the reactions in the remaining 2
subjects. The mixed solutions containing MgCl, re-
duced the reactions in 2 subjects, and had no effect in
the remaining 14 subjects. The mixed solutions con-
taining MnCl, reduced the reaction in 1 subject, and
had no effect in the remaining 15 subjects.

Discussion

Although patch tests are thought to represent a
reliable method for identifying substances causing
allergic or irritant contact dermatitis, in our opin-
ion, when correctly performed and interpreted,
they may give at least an idea about the mechan-
isms underlying the positive reactions. In previous
work (12, 13), the patch test procedure was use-
fully adopted in identifying ionic interactions be-
tween nickel and other divalent ions, and showed
that different metals were able to exert antagonistic
or synergistic roles in nickel reactions. It should be
stressed that the observed findings revealed that
the same factors responsible for certain nickel ef-
fects in experimental systems were also operative
in human skin reactions. In TH-positive subjects,
patch test results do not account for the fact that
the skin may be so permeable to the applied
EtHgCl that it may simply accumulate up to a level
high enough to cause skin damage.

The fact that positive reactions to EtHgCl were
inhibited or reduced by the simultaneous adminis-
tration of EtHgCl mixed with cysteine or glutathi-

one, confirms that these substances act as chelating
agents in aqueous solutions, modifying the reac-
tivity of EtHgCl. We have previously shown (2)
that in vitro cysteine and glutathione increased the
cleavage of TH by binding the EtHg moiety and
that the reaction is dependent on the concentration
of SH-containing substances. Since L-cysteine and
glutathione also play a role as endogenous chel-
ating agents in the uptake and the extrusion of
mercury from the cells (14), the inhibiting effect
may also suggest that these subjects have an im-
paired ability of their cutaneous SH ligands to
bind to the penetrating organomercury alkyl com-
pound. The consequence may be the accumulation
of the compound at sites where it exerts toxic ef-
fects and/or from which it is difficult to remove.

There are individual factors that affect depo-
sition, transport, and excretion of organomercury
alkyl compounds and, consequently, their toxicity
(3, 4). They are mostly related to the specific
chemical form, to the number, affinity and accessi-
bility of thiol groups, and to genetic differences in
thiol metabolism (15). Moreover, the behaviour of
our subjects may be consistent with some of the
reported experimental findings and could confirm
the opinion expressed by Moller that “the high in-
cidence of the positive cutaneous tests to merthiolate
in healthy subjects might be explained as being an
inborn error of metabolism, rather than an allergic
reaction” (16).

New questions arise as to the nature of the ef-
fects exerted by the mixed solutions containing
ZnCl,. At the concentrations tested, only ZnCl,
was among the mixed salts of divalent metals, able
to abolish (or reduce) positive reactions to EtHgCl.
Even if we cannot exclude that ZnCl, interacted in
vitro with EtHgCl, making it less harmful, we can
speculate that, as shown in other biological sys-
tems, Zn exerts an in vivo action exploiting at least
3 different possibilities.

(i) Zn may exert an antinflammatory effect, re-
ducing some keratinocyte activation markers
(ICAM- 1 and TNF-a) as reported by Gueniche et
al. (17).

(i1) Since there is a loss of power of the physiolo-
gically active chelants, the removal of EtHgCl
must follow different pathways involving the bind-
ing to thiol groups with differing affinities present
in the biomolecules of the skin. An important
mechanism which regulates the disposition of mer-
cury and protects against its toxic effects, may be
represented by the level of metallothioneins, a
group of low molecular mass proteins with a high
cysteine content. These compounds exist in various
tissues (18) under physiological conditions, and
may be induced further (either by inorganic mer-
cury or by cadmium and zinc (19)), demonstrating
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a detoxifying role for the heavy metals (18-20). It
follows therefore, that the simultaneous adminis-
tration of higher amounts of Zn may reduce the
harmful effects of EtHgCl, inducing specific genes
which enhance the levels of metallothionein-con-
taining cysteine groups, thereby favouring the
binding of alkylmercury compounds.

(ii1) Mercury and its compounds exert their toxic
effects by substituting Zn in some biomolecules in
which it is weakly bound (21). Zn is an essential
component of many proteins, enzymes, transcrip-
tion factors and hormone receptors (22). There-
fore, the simultancous administration of higher
doses of Zn may counteract the action of mercury.

In conclusion, patch test results show that both
thiol groups and Zn ions may be involved in the
cutaneous reactions to EtHgCI. Patch test results
do not allow clarification of all the cellular mech-
anical interactions which lead to toxic effects, and
so more work needs to be done in order to under-
stand these points. However, the limited number of
positive reactions in the general population, their
lack of clinical relevance, the experimentally mod-
erate sensitizing capability of thimerosal, and the
fact that the positive subjects react consistently to
methylmercury chloride (and inconsistantly to or-
ganic and inorganic form of mercury (2)), lead us
to speculate that the reactions are caused predomi-
nantly by organomercury alkyl compounds.

The patch test procedure adopted shows that
once they have penetrated into the skin, organ-
omercury alkyl compounds exert toxic effects,
probably according to the pathways utilized in
other biological systems (7, 8). Furthermore, the
positive reactions may also reflect a constitutive in-
ability to metabolize organomercury alkyl com-
pounds rather than previous exposure.
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