
INTRODUCTION

The prevalence of allergic diseases has increased 
over the last four decades; however the reasons for this 
increase are poorly understood and have not been inves-
tigated experimentally. Acetaminophen (APAP) is one 
of the most commonly used anti-pyretic agents, particu-
larly in children, and although it is generally considered 
safe, during the last decade there have been a number of 
studies indicating that regular use of APAP carries a dose-
dependent risk for the development of allergic diseases 
in general and asthma in particular (Newson et al., 2000; 
Barr et al., 2004; Davey et al., 2005; Eneli et al., 2005; 
McKeever et al., 2005; Shaheen et al., 2005; Barragán-
Meijueiro et al., 2006; Karimi et al., 2006; Koniman et 
al., 2007; Wong et al., 2007).

In 2008, an analysis based on data from 205,487 chil-
dren in 31 countries participating in the Internation-
al Study of Asthma and Allergies in Childhood (ISAAC) 
Phase Three study identified a strong dose-dependent 
association between use of APAP and symptoms of asth-
ma, as well as rhinoconjunctivitis and eczema, in children 
aged 6-7 years, with frequent APAP use (Beasley et al., 
2008). Similarly, they identified association between use 
of APAP in the first year of life and the symptoms of asth-
ma, rhinoconjunctivitis and eczema in childhood. These 
results suggest that the effect of APAP is not restricted 
to the airways. Several biologic mechanisms have been 
suggested as an explanation for the increased morbidity 
caused by regular APAP use. However, no experimental 
investigation to confirm these suggestions has been con-
ducted because to date there has been no suitable animal 
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model. In the present study, we gave APAP to mice every-
day from 3 weeks of age to focus on the increased risk of 
eczema caused by regular use of APAP in childhood. Pru-
ritus can occur in patients suffering from numerous dif-
ferent skin diseases, for example all patients with atopic 
dermatitis experience pruritus (Metz and Ständer, 2010). 
Pruritus can worsen the skin condition of the patient con-
siderably and is thought to be an important exacerbating 
factor for skin disorders. Scratching in response to pru-
ritus exacerbates skin inflammation, and the resulting 
“itch-scratch cycle” leads to chronic allergic dermatitis  
(Pfenninger and Zainea, 2001; Mahtani et al., 2005).

Therefore, the aim of the present study was to create 
an animal model of APAP-induced pruritus in mice with 
chronic allergic contact dermatitis induced by repeat-
ed application of suboptimal concentration of 2,4,6-trin-
itrochlorobenzene (TNCB), with the expectation that 
the model would help to elucidate the mechanism of 
increased risk for the development of eczema caused by 
regular APAP use and contribute to safer and more effec-
tive usage of APAP in childhood.

MATERIALS AND METHODS

Animals
All experiments and procedures were approved by 

the Chiba University Institutional Animal Care and Use 
Committee. Female BALB/c mice, 3 weeks of age, were 
obtained from Japan SLC Inc. (Shizuoka, Japan), and 
housed under controlled light (0700-1900 hr) and temper-
ature (24°C) conditions with food and water available ad 
libitum. The hair on the abdominal area was clipped at 
least 1 day before the start of the experiment.

Reagents
TNCB was obtained from Tokyo Chemical (Tokyo, 

Japan), dissolved in acetone/olive oil (3:1) as a 0.1% 
(w/v) solution, and used for both sensitization to and elic-
itation of chronic allergic contact dermatitis. APAP was 
obtained from Sigma Chemical (St. Louis, MO, USA).

Drug treatment
APAP, dissolved in distilled water at 0.25% or 0.5% 

(w/v), was added to the drinking water from 3 weeks of 
age for 10 weeks (from day -24 to 49). The volume of 
drinking water in the bottles was measured to estimate 
dietary intake of water.

TNCB-induced chronic allergic contact dermatitis
The experimental protocols are illustrated in Fig. 1. We 

defined the first day of the challenge with TNCB as day 0. 
The hair on the abdominal region was shaved with a hair 
clipper 2 days before sensitization with TNCB. On day -7, 
after 17 days of administration of APAP, mice were sensi-
tized by a single epicutaneous application of 50 μl TNCB 
solution to the shaved abdomen, and on day 0 challenged 
with 10 μl/ear TNCB solution to both ears. TNCB was 
then applied repeatedly to each ear three times a week 
until day 49. As a negative control, acetone/olive oil (3:1) 
was applied to both ears instead of TNCB (Nil).

Measurement of ear thickness
Right and left ear thickness was measured with a 

micrometer (Mitsutoyo, Kanagawa, Japan), under light 
ether anesthesia, 24 hr after TNCB challenge. Ear swell-
ing was calculated by averaging the thickness values for 
both ears.

Fig. 1. Schedule for the elicitation of chronic allergic contact dermatitis and application of reagents. APAP, acetaminophen at 
0.25% and 0.5%.
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Pruritus measurement
The number of bouts of scratching behavior was count-

ed for 2 hr at 24 hr after TNCB challenge on days 0, 28, 
and 45. Pruritus was evaluated by automatic counting of 
the scratching bouts using MicroAct (Neuroscience Inc., 
Tokyo, Japan), as reported previously (Inagaki et al., 
2003). 

Measurement of serum aminotransferase activities
Blood was collected by retro-orbital bleeding on day 49. 

Serum was then obtained by centrifugation at 1,000 × g for 
20 min at 4°C and stored at -20°C until use. Serum alanine 
aminotransferase (ALT) and aspartate aminotransferase 
(AST) activities were determined using Transaminase CII- 
test Wako (Wako Pure Chemical Institute, Osaka, Japan).

Measurement of serum IgE
Blood was collected by retro-orbital bleeding on day 

49. Serum was obtained by centrifugation at 1,000 × g 
for 20 min at 4°C and stored at -20°C until use. Serum 
IgE levels were determined using a commercial sandwich 
ELISA assay (Bethyl Laboratories Inc., Montgomery, TX, 
USA).

Statistical analysis
All data are presented as mean ± S.E.M. Statistical sig-

nificance was analyzed using Dunnett’s method or Fish-
er’s least significant difference test for multiple com-
parisons, and Student’s t test for two-group comparison. 
Differences at p < 0.05 were considered statistically sig-
nificant. All statistical analyses were conducted using 
StatLight software (Yukms Co., Ltd. Tokyo, Japan).

RESULTS

Effects on serum AST and ALT activities
Serum AST and ALT activities were assessed after 73 

days of daily administration of APAP (day 49). Neither 
0.25% nor 0.5% APAP was overtly hepatotoxic. Mice 
had normal serum AST and ALT activities, and their body 
weight was also normal on day 49 (Table 1).

Effects of APAP on scratching behavior
Repeated challenge with a suboptimal concentration 

of TNCB evoked increase in the number of scratching 
bouts compared to day 1. This increase in the number of 
scratching bouts was significant in 0.25% and 0.5% APAP 
groups but not in the group treated with TNCB alone. Dai-
ly administration of 0.5% APAP significantly increased in 
the number of scratching bouts compared to TNCB alone 
on day 29 (Fig. 2).

Effects of APAP on ear thickness
Repeated exposure of mouse ears to a suboptimal con-

centration of TNCB induced chronic allergic contact der-
matitis characterized by skin swelling, which reached a 
plateau on day 22. Daily administration of 0.25% APAP 

Table 1.    Effect of APAP on serum AST and ALT activities. 
Body weight

(g)
AST
(IU/l)

ALT
(IU/l)

Nil 18.3 ± 0.3 28.0 ± 5.1 3.8 ± 0.5

APAP 0% 20.1 ± 0.4 29.3 ± 1.3 4.9 ± 0.8

0.25% 18.8 ± 0.7 30.1 ± 3.0 6.5 ± 1.2

0.5% 19.0 ± 0.6 34.2 ± 2.9 4.2 ± 0.8

APAP, dissolved in distilled water at 0.25% and 0.5% (w/v), 
was administered via the drinking water to mice from 3 weeks 
of age every day for 10 weeks (from day -24 to 49). Blood was 
collected 3 hr after the final TNCB challenge on day 49. Nil, 
non-application of TNCB. Values represent the mean ± S.E.M. 
for 4-7 mice. 

Fig. 2. Effect of APAP on scratching behavior induced by re-
peated application of TNCB. APAP, dissolved in dis-
tilled water at 0.25% and 0.5% (w/v), was administered 
via the drinking water to mice from 3 weeks of age 
every day for 10 weeks (from day -24 to 49). The ears 
of TNCB-sensitized mice were repeatedly challenged 
with 0.1% TNCB three times a week from day 0 to 
49. Twenty-four hr after the TNCB challenge, scratch-
ing bouts were counted for 2 hr using MicroAct. Values 
represent the mean ± S.E.M. for 7 mice. *p < 0.05, **p 
< 0.01 and ***p < 0.001 vs each corresponding value 
on day 1 (Dunnett’s multiple comparisons), #p < 0.05 vs 
0% APAP (Fisher’s least significant difference test).
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significantly inhibited the increase in ear thickness from 
day 8 to 22. In contrast, 0.5% APAP did not show any 
obvious inhibitory effect on ear thickness (Fig. 3).

Effects of APAP on total serum IgE concentration
Repeated application of a suboptimal concentration of 

TNCB caused a significant elevation of the total serum 
IgE level on day 49. Administration of 0.25% APAP sig-
nificantly attenuated the increase. In contrast, 0.5% APAP 
did not show any obvious inhibition (Fig. 4).

DISCUSSION

In a previous study, we showed that repeated applica-
tion of 1.0-1.1% TNCB induced chronic allergic contact 
dermatitis characterized by significant skin swelling and 
scratching behavior throughout the experimental peri-
od (Yamaura et al., 2011). In the present study, we used 
a suboptimal concentration of TNCB (0.1%) as a hap-
ten to induce moderate chronic allergic contact dermati-
tis in order to examine the exacerbating effect of APAP 
on the pruritic response in mice. In our preliminary study, 
repeated challenge with a suboptimal concentration of 
TNCB (0.1%) evoke about 30-40% of skin swelling com-
pared with that of optimal concentration of TNCB, and 

the number of scratching bouts was also lower.
In the present study, the increase in scratching bouts 

on day 29 was dependent on APAP concentration; this is 
in agreement with the dose-dependent increased risk of 
eczema reported by the ISAAC Study Group (Beasley et 
al., 2008).

Several biological mechanisms have been proposed 
to explain the association between regular APAP use and 
asthma and other atopic diseases (Allmers, 2005; Eneli et 
al., 2005; Beasley et al., 2008). Oxidative stress appears 
to play an important role in the development and pro-
gression of respiratory diseases. Glutathione (GSH), an 
endogenous antioxidant, is found in the respiratory tract 
lining fluid (Cantin et al., 1987), and decreased GSH 
levels are associated with oxidant damage in the lung  
(Nuttall et al., 2003). Furthermore, high doses of APAP 
have been shown to reduce levels of GSH in the lung tis-
sue of animals (Micheli et al., 1994). In the present study, 
we detected GSH in ear skin, but APAP did not decrease 
GSH levels (data not shown). Therefore, GSH levels do 
not appear to be associated with the exacerbation of pru-
ritus. 

The daily dose of 0.25% and 0.5% APAP, calculat-
ed from the estimated intake of drinking water, was 390 
and 680 mg/kg, respectively (data not shown). These 
doses were high enough to cause hepatic injury in mice. 
Long-term daily administration of APAP via addition to 
the drinking water for 10 weeks from infancy did not 
increase serum AST and ALT activity, suggesting that 
APAP at these concentrations did not cause hepatic inju-
ry. In addition, no reduction in body weight or decrease 
in the levels of GSH in the liver were observed in mice 

Fig. 3. Effect of APAP on increased ear thickness induced 
by repeated application of TNCB. APAP, dissolved in 
distilled water at 0.25% and 0.5% (w/v), was admin-
istered via the drinking water to mice from 3 weeks 
of age every day for 10 weeks (from day -24 to 49). 
The ears of TNCB-sensitized mice were repeatedly 
challenged with 0.1% TNCB three times a week from 
day 0 to 49. Ear thickness was measured 24 hr after 
each TNCB challenge. Nil, non-application of TNCB. 
Values represent the mean ± S.E.M. for 4-7 mice. *p < 
0.05 and **p < 0.01 vs 0% APAP (Fisher’s least sig-
nificant difference test).

Fig. 4. Effect of APAP on total serum IgE level. Blood was 
collected on day 49. Nil, non-application of TNCB. 
Values represent the mean ± S.E.M. for 4-7 mice. ###p < 
0.001 vs Nil (Student’s t test), *p < 0.05 vs 0% APAP 
(Fisher’s least significant difference test).
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that received APAP (data not shown). We estimated the 
amount of ingested drinking water by measuring the vol-
ume remaining in the bottle. We did not take into account 
spillage, thus the intake volume might have been overes-
timated and the actual dose might be below hepatotoxic 
levels. However, it was also reported that repeated APAP 
exposure provides a protective effect on APAP-induced 
hepatic injury in mice (Shayiq et al., 1999). This pro-
tective effect might, at least in part, explain our results 
of serum AST and ALT activities in the experimental 
APAP-treated animals. In addition, young children have 
been known to be less susceptible to APAP toxicity than 
adults because of lesser production of toxic metabolites 
and greater degree of conjugation with sulfate (Wilkes et 
al., 2005). Oxidation of APAP by fetal liver was approxi-
mately ten times slower than by adult liver (Rollins et al., 
1979). Therefore, lesser susceptibility to APAP toxicity in 
childhood might be seen in our study.

We found that regular administration of 0.5% APAP 
did not increase ear swelling. Furthermore, 0.25% APAP 
significantly inhibited ear swelling during the early exper-
imental period, and the increase in immunoglobulin E 
(IgE) levels caused by repeated application of TNCB were 
also decreased. Previously, we reported the inhibitory 
effect of APAP on antibody production in mice (Yamaura 
et al., 2002). Therefore, decreased levels of IgE detected 
in animals that received 0.25% APAP might be attribut-
ed to the inhibitory effect of APAP on antibody produc-
tion. It was reported that the high correlation between the 
serum IgE level and skin inflammation (Matsuda et al., 
1997; Nagai et al., 1997). IgE-mediated mast cell activa-
tion leads to release of various kinds of chemical medi-
ators, which results in infiltration of inflammatory cells 
into the skin lesion. The inhibitory effect of 0.25% APAP 
on ear thickness might be associated with the inhibition 
of serum levels of IgE antibodies. On the other hand, high 
doses of APAP may exacerbate pruritus and dermatitis via 
an unknown mechanism. It was reported that that prostag-
landin (PG) D2, which is produced primarily by activated 
skin mast cells functions as a natural antipruritic agent by 
suppressing histamine release from mast cells (Hashimoto  
et al., 2005). We hypothesized that high dose of APAP 
might suppress the production of PGD2 due to the inhibi-
tion of cyclooxygenase-1 and -2 (Swierkosz et al., 2002). 
This lead to enhance the pruritus in mice and exacerbated 
the skin inflammation via “itch-scratch cycle” (Pfenninger  
and Zainea, 2001).

Therefore, no inhibitory effect on ear swelling might 
be seen in the presence of 0.5% APAP. However further 
study is needed to investigate this possibility.

In summary, we showed that long-term daily admin-

istration of APAP exacerbates pruritus in mice repeated-
ly treated with suboptimal concentration (1/10 of optimal 
concentration) of TNCB which in the absence of APAP 
does not evoke a significant increase in the number of 
scratching bouts. This study will be helpful for further 
research on the mechanism of increased risk for devel-
opment of eczema caused by regular APAP use, and for 
examining safer and more effective APAP treatment reg-
imens.
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