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Abstract

In order to compare delayed-type hypersensitivity (DTH) among different exposure
sites, we evaluated the sensitization potency of mercuric chloride (HgCl2) via exposure to
the skin, or oral or esophageal mucosa using the mouse ear swelling test. Furthermore,
we investigated in vitro splenocyte proliferation reaction and cytokine profile in HgCl2-
exposed and control mice. Sensitization with HgCl2 was established via the skin and oral
mucosa but not via the esophageal mucosa. The splenocyte proliferation reaction was
significantly enhanced to a similar degree in skin and oral mucosa-sensitized mice com-
pared with in the control mice. IL-10 levels from cultured splenocytes were significantly
increased in skin and oral mucosa-sensitized mice compared with those in control mice,
whilst IFN-� significantly increased only in splenocytes from skin-sensitized mice. These
results suggest that exposure of the skin or oral mucosa to HgCl2 can induce DTH, but
that Th1/Th2 balance differs according to the site of antigen exposure.
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Introduction

Despite the fact that skin contact with mer-
cury can cause contact dermatitis, this metal
is often used in dental restoration as an amal-
gam4,8). Dental restoration can induce oral
mucosal diseases such as lichen planus and
allergic stomatitis from direct exposure to
metal7,18). In addition, metals other than mer-

cury used in dental restoration have also been
reported to induce skin lesions at distant sites
from the oral cavity, including palmoplantar
pustulosis20).

Diagnosis of mercury allergy is usually based
on patch tests. However, a history of allergic
reaction is sometimes present, even when
negative results are obtained with patch test-
ing5). Patch tests need to be carried out on a
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frequent basis and interpreting the results
can be problematic in the summer months.
Furthermore, this procedure carries the risks
of patient sensitization to new antigens and
excited skin syndrome, and specialized train-
ing is necessary to interpret the results. There-
fore, the lymphocyte transformation test
(LTT) has attracted attention as a potential
new option in testing for metal allergy12,17).
However, accurate interpretation is difficult,
as the LTT in humans can result in non-
specific lymphocyte proliferation and false
negative results6,10,15). Therefore, the establish-
ment of a new diagnostic method is required.

As described above, some metals used in
dental restoration have been reported to
induce oral mucosal lesions. Oral contact
sensitivity may be associated not only with
local exposure, but also with exposure of the
esophageal and lower digestive tract mucosa to
metals released from dental amalgam. There-
fore, it is important to compare delayed-type
hypersensitivity (DTH) reactions from mer-
cury exposure at different sites in order to
clarify the pathogenesis of mercury allergy.

The successful establishment of a mouse skin
sensitization model using mercuric chloride
(HgCl2) as an antigen has been reported19).
In mouse models using oxazolone or picryl
chloride as an antigen, the oral mucosa can
serve as the sensitization and/or expression
site of DTH1). To our knowledge, no reports
describing the sensitizing effect of mercury-
containing metals on the oral, esophageal
and lower digestive tract mucosa have been
published to date.

Therefore, we established a mouse sen-
sitization model using BALB/cA Jcl mice
(BALB/c mice hereafter) using the mouse
ear swelling test without the use of adjuvants,
based on the method of Natsuaki et al. and
Okamura et al.14,16). HgCl2 applied to the oral
mucosa may flow into the esophageal and
lower digestive tract mucosa. To clarify its
action, we compared HgCl2 applied to the
oral mucosa alone with HgCl2 applied solely
to the esophageal and lower digestive tract
mucosa (whilst avoiding contact with the oral
mucosa) and determined whether sensitiza-

tion was established.
To compare DTH resulting from HgCl2

sensitization of the skin, oral mucosa, and
esophageal/lower digestive tract mucosa, we
examined ear swelling response, splenocyte
proliferation in vitro, and cytokine profile in
HgCl2-exposed and control mice.

Materials and Methods

1. Animals
We purchased 7-week-old female inbred

BALB/c mice from CLEA Japan (Tokyo,
Japan). Experiments were performed in
accordance with the Tokyo Dental College
ethical guidelines for animal experiments. We
performed the experiments in an animal
room of the Research Building at Ichikawa
General Hospital, Tokyo Dental College. The
body weight of the animals was uniform at
about 20g each.

2. Antigen
HgCl2 (Wako Pure Chemicals, Osaka,

Japan) was dissolved in a 4:1 mixture of
acetone and olive oil (A-O solution)14). The
concentration of HgCl2 was set to 0.5, 1.0, 2.0,
5.0 or 10.0 mg/ml.

3. Irritation dose response
Delayed-type hypersensitivity reaction was

determined based on ear thickness, so the reac-
tion needed to be induced at a non-irritating
concentration. Therefore, we selected the
highest non-irritation concentration of HgCl2

as the optimum challenge concentration
(Table 1). HgCl2 (in a 20�l volume) was
applied to the front and reverse sides of the
right auricle at concentrations of 0.5, 1.0, 2.0,
5.0 or 10.0 mg/ml and ear thickness mea-
sured at 12, 24, 48 and 72 hr. We divided the
experimental groups according to concentra-
tion of HgCl2 administered with 5 animals per
group (total number of animals was 25). Dif-
ference in thickness from the pre-challenge
thickness is presented as the mean�standard
error (S.E.M.) (10�2 mm).

Ukichi K et al.
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4. Mouse ear swelling test
We performed the sensitization experi-

ments on BALB/c mice using a method which
required no use of adjuvants14,16). The admin-
istration sites were the dorsal skin, bilateral
buccal mucosa and esophageal/lower diges-
tive tract mucosa. We divided the experimen-
tal groups into 3 groups according to site
of administration (skin, oral mucosa and
esophagus). The same was also done in the
control group. Within each group of mice
that were exposed to HgCl2, there were 5
animals per concentration, with a total of 25
animals in each group.

In the skin group, we shaved dorsal hair
using electric hair clippers on the day before
antigen application. On the day of sensitiza-
tion (day 0), we applied 20�l HgCl2 to the
dorsal skin at a concentration of 2.0, 5.0,
10.0, 15.0 or 20.0mg/ml (applied area was
about 2 cm2). Five days later, the right auricle
was challenged with 20�l HgCl2 solution.
We measured ear thickness at 12, 24, 48 and
72 hr after the challenge using the Digimatic
thickness gauge (0.01–10mm, Mitutoyo,
Kanagawa, Japan). The difference in ear thick-
ness between before and after application was
presented as the mean�S.E.M. (10�2 mm).
When ear swelling was greater than the maxi-
mum ear swelling at the optimum challenge
concentration, the reaction was regarded as
positive. We selected the minimum concen-
tration for obtaining the highest sensitization
rate as the optimum sensitizing concentration.

In the oral mucosa group, we applied 20�l
HgCl2 to the dried bilateral buccal mucosa at

concentrations of 2.0, 5.0, 10.0, 15.0 or
20.0mg/ml on the day of sensitization (day 0).
The buccal mucosa was dried with a drier
before and after application. The applied
area was approximately 2cm2.

In the esophagus group, we applied 20�l
HgCl2 to the esophageal mucosa at concentra-
tions of 2.0, 5.0, 10.0, 15.0 or 20.0mg/ml on
the day of sensitization (day 0). Administra-
tion of HgCl2 was performed using a pipette
to avoid contact with the oral mucosa. The
reagent was poured from the pharyngeal
region. As with the skin group, we challenged
the ears at 5 days after HgCl2 administration
in the oral mucosa and esophagus groups.

5. Splenocyte proliferation reaction
We excised the spleen from mice in the

control, skin, oral mucosa and esophagus
groups. Splenocyte suspension in phosphate-
buffered saline (PBS) was prepared by crush-
ing the spleen with a frosted slide glass. The
splenocyte suspension was filtered through a
nylon mesh and centrifuged at 1,500rpm for
5 minutes. After removal of the supernatant,
hemolysis solution (0.83% NH4Cl in Tris-HCl,
pH7.4, 9:1, v/v) was added to hemolyze red
blood cells. The cells were filtered through a
nylon mesh and washed with RPMI1640 twice,
and a splenocyte suspension at a concen-
tration of 5�106 cells/ml was prepared6). We
distributed the splenocyte suspension into a
96-well microplate at 200�l/well. The spleno-
cytes were then cultured at 37°C for 72hr
in a 5% CO2 incubator. Finally, we added 3H-
thymidine (0.2� Ci/20�l) into each well.

Th1/Th2 Balance in Mouse DTH Model

Table 1 Irritation dose response results for HgCl2

Mean ear thickness Maximal earIrritation dose increase thickness increase(HgCl2 mg/ml) (�10�2 mm�S.E.M.) (�10�2 mm)

0.5 0.2�0.45 1
1.0 1.0�0.71 1
2.0 0.4�0.55 1
5.0 0.6�0.55 2

10.0 3.4�1.23 5

Ear thickness increase was computed by averaging change from pre-challenge
value at 24hr after exposure.
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Cells were cultured for 16hr and 3H-thymidine
uptake measured using a cell harvester and
liquid scintillation counter. Each group com-
prised 5 animals, giving a total number of
20 animals.

6. Enzyme-Linked Immunosorbent Assay
(ELISA)
We cultured the splenocytes at 37°C for

72 hr in a 5% CO2 incubator. The culture
supernatants were stored at �20°C prior to
ELISA. We measured the cytokines IL-2, IFN-
�, IL-4 and IL-10 in culture supernatants
using commercially available ELISA kits (R&D
systems, Minneapolis, MN, USA).

7. Statistical analysis
Statistical significance with respect to

change in splenocyte proliferation and cyto-
kine profile for each group was analyzed
using the Mann-Whitney U-test.

Results

1. Determination of challenge concentration
Table 1 shows the data of the primary irrita-

tion reaction to HgCl2. The irritancy of HgCl2

was investigated at 5 concentrations: 0.5, 1.0,
2.0, 5.0 or 10.0mg/ml. The mean ear swell-
ings at 24hr after application of HgCl2 solu-

tion at the 5 concentrations were 0.2�0.45,
1.0�0.71, 0.4�0.55, 0.6�0.55 and 3.4�1.23
�10�2 mm, in order of increasing concentra-
tion. No ear swelling was noted at concentra-
tions of up to 5.0mg/ml. Therefore, 5.0mg/ml
was selected as the challenge concentration,
and values higher than the maximum ear
swelling at 5.0 mg/ml, i.e. 2.0�10�2 mm, were
judged as positive for sensitization.

2. Time-course changes in ear swelling
sensitized through different sites

1) Skin group
Figure 1 shows the time-course changes

with HgCl2-induced ear swelling. In mice sen-
sitized with 10.0mg/ml or 15.0 mg/ml HgCl2,
ear swelling peaked at 24hr after challenge.
The sensitization rate was 100%. No ear swell-
ing was noted at any time point in mice sensi-
tized with less than 10.0 mg/ml HgCl2. The
optimum skin sensitization concentration was
10.0 mg/ml.
2) Oral mucosa group

Figure 2 shows time-course changes in
HgCl2-induced ear swelling. Ear swelling
peaked at 24 hr after challenge in mice sen-
sitized with 10.0 mg/ml HgCl2, and the sensi-
tization rate was 100%. All mice sensitized
with 20.0 mg/ml HgCl2 died within 1–2 days.
As in the skin group, no ear swelling was noted
in mice sensitized with less than 10.0mg/ml

Fig. 1 Time-course of ear swelling in HgCl2-sensitized
mice (skin sensitization, 5.0mg/ml challenged)

Responses upon induction to 5 different sensitization
doses were evaluated, in addition to response in control
group (0mg/ml), which was given acetone/olive oil
(n�5). All groups of mice were challenged with
5.0mg/ml HgCl2 on day 5. Sensitization application was
given on back skin. Each value represents mean�
standard error (S.E.M.).

Fig. 2 Time-course of ear swelling in HgCl2-sensitized
mice (oral muccosa sensitization, 5.0mg/ml
challenged)

Responses upon induction to 5 different sensitization
doses were evaluated, in addition to response in control
group (0mg/ml), which was given acetone/olive oil
(n�5). All groups of mice were challenged with
5.0mg/ml HgCl2 on day 5. Sensitization application was
given on buccal mucosa. Each value represents mean�
standard error (S.E.M.).

Ukichi K et al.
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HgCl2. The optimum concentration for oral
mucosal sensitization was 10.0mg/ml. No sig-
nificant difference in increase in ear thick-
ness was noted between the oral group and
the skin group after challenge (Fig. 3).
3) Esophagus group

No ear swelling was noted at any concentra-
tion (data not shown).

3. Proliferation of splenocytes
Compared to in the controls, splenocyte

proliferation was significantly greater in
splenocytes from the skin (p�0.01) and oral
mucosa (p�0.05) groups. No significant dif-

ference was observed in splenocyte prolifera-
tion between the esophagus and control
groups (Fig. 4).

4. Cytokine production by cultured
splenocytes
The IL-2 level tended to increase in the skin

group compared with in the other groups
(Fig. 5). The IFN-� level was significantly
higher in the skin group compared with
in the oral mucosa and esophagus groups
(p�0.01, Fig. 6). No significant differences
were observed in IL-4 production among the
groups (Fig. 7). The level of IL-10 production

Fig. 3 Comparison of time-course of ear swelling in
HgCl2-sensitized mice via skin, oral mucosa
and esophagus (10.0mg/ml sensitization
5.0mg/ml challenged)

Each value represents mean�standard error (S.E.M.). Fig. 4 Splenocyte proliferative response
Splenocyte suspension was distributed to 96-well
microplate at 200�l/well.

Fig. 5 Effects of HgCl2 treatment on IL-2 production by
splenic cells

Splenic cells were harvested and cultured at 1�106 cells/
200�l per well in 96-well plates. After 3-day incubation
period, culture supernatant was collected and assayed for
IL-2 production. Each value represents mean�SD.

Fig. 6 Effects of HgCl2 treatment on IFN-� production by
splenic cells

Splenic cells were harvested and cultured at 1�106 cells/
200�l per well in 96-well plates. After 3-day incubation
period, culture supernatant was collected and assayed for
IFN-� production. Each value represents mean�SD.

Th1/Th2 Balance in Mouse DTH Model
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was significantly increased in the skin and oral
mucosa groups compared with in the control
group (Fig. 8).

Discussion

We confirmed the establishment of sensiti-
zation with HgCl2 via skin and oral mucosa
but not the esophageal or lower digestive tract
mucosa. Previous studies have shown that
mice were sensitized by application of the
haptens DNCB or oxazolone to the oral
mucosa, as well as the skin1–3,16). The present
results are consistent with the results of these
earlier studies. The non-sensitization of the
mice in the esophagus group indicates that
the oral mucosa mice were sensitized via only
the oral mucosa, and not via the lower diges-
tive tract, including the esophagus.

The optimal HgCl2 sensitization concen-
tration was 10.0 mg/ml in both the skin and
oral mucosa groups. To our knowledge, no
previous studies have reported induction of
sensitization in the oral mucosa by metals con-
taining mercury. Vreeburg et al. reported that
the optimal concentration for skin sensitiza-
tion was 5.0%19). The difference in the optimal
concentration for skin sensitization between
this and our study may be due to the different
solvents used (A-O solution vs. Vaseline).

The splenocyte proliferation reaction sig-
nificantly increased in the skin (p�0.01) and
oral mucosa (p�0.05) groups compared with
in the control group. However, no significant
difference was observed between the esopha-
gus and control groups. These results suggest
that increased splenocyte proliferation is asso-
ciated with sensitization itself, but not only
with application. The lack of a significant dif-
ference in splenocyte proliferation between
the skin and oral mucosa groups may be
related to the similarity in ear swelling in
these groups. An earlier study using the LTT
with HgCl2 as a reagent noted non-specific
blast formation of human lymphocytes, making
accurate judgment problematic6,9). Another
study showed no difference in peripheral lym-
phocyte proliferation between patients with
oral mucosal diseases treated using dental
amalgam and healthy subjects11). These results
suggest that it is difficult to identify HgCl2-
sensitized T lymphocytes by routine LTT,
although the results of our preliminary study
were different from those of human studies.
This indicates the need to establish new
methods of examination such as cytokine
profiling.

In the cytokine profile of splenocytes, Th1
and Th2 reactions were observed in the skin
group. In patients positive for nickel patch
tests, an increase in Th1/Th2 cytokines has

Fig. 7 Effects of HgCl2 treatment on IL-4 production by
splenic cells

Splenic cells were harvested and cultured at 1�106 cells/
200�l per well in 96-well plates. After 3-day incubation
period, culture supernatant was collected and assayed for
IL-4 production. Each value represents mean�SD.

Fig. 8 Effects of HgCl2 treatment on IL-10 production by
splenic cells

Splenic cells were harvested and cultured at 1�106 cells/
200�l per well in 96-well plates. After 3-day incubation
period, culture supernatant was collected and assayed for
IL-10 production. Each value represents mean�SD.

Ukichi K et al.
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been reported13). Herein, we obtained similar
results. However, in our experiments, only the
Th2 reaction increased in the oral mucosa
group. We speculate that the evaluation of
blood cytokines may be useful in determining
the presence or absence of sensitization and
in indentifying exposure sites. Further studies
on the regional lymph nodes in sensitized
mice will help our understanding on the
relationship between Th1/Th2 balance and
sensitization sites. We are now engaged in
these studies.

In summary, HgCl2 applied at a single dose
resulted in similar degrees of sensitization in
the skin and oral mucosa. Splenocyte prolif-
eration increased in the skin and oral mucosa-
sensitized mice compared with in the control
mice. The cytokine profile of splenocytes in
skin-sensitized mice showed increases in Th1
and Th2 reactions, but oral mucosa-sensitized
mice revealed only an increase in Th2 reac-
tion. These results suggest that there are dif-
ferences in the Th1/Th2 balance between
sensitization through different sites in DTH.
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