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Abstract 

Antiseptic agents can cause skin irritation and lead to severe problems, especially for individuals 
with atopic diatheses. We investigated the effect of 4 different antiseptic agents using an atopic 
dermatitis (AD) model mouse. NC/Nga mice were subcutaneously injected with mite allergen 
(Dp) to induce AD-like skin lesions (ADSLs), and an application of 0.2% (w/v) benzalkonium 
chloride (BZK), 10% (w/v) povidone-iodine (PVP-I), 80% (v/v) ethanol (Et-OH), or 0.5% (v/v) 
chlorhexidine gluconate (CHG) was applied to the ear envelope. BZK induced a significant in-
crease in the severity of the clinical score, infiltration of inflammatory cells, local expression of 
inflammatory cytokines in subcutaneous tissue, and total serum immunoglobulin (Ig) E. PVP-I in-
creased the clinical score, number of mast cells, and production of inflammatory cytokines, and 
total serum IgE. Et-OH increased the clinical score and number of inflammatory cells, but showed 
no effect on serum IgE levels. No differences in any parameters were observed between CHG and 
the vehicle. Collectively, the results suggest the severity of the ADSL was related in part to the 
strength of the immunoreaction. These findings suggest that CHG could offer the lowest risk of 
inducing ADSL in individuals with atopic dermatitis and that medical staff and food handlers with 
AD could benefit from its use. 
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1. Introduction 
The use of cleansers and chemicals is a leading 

cause of the aggravation of atopic dermatitis (AD) for 
patients with atopic diatheses. However, disinfection 
using hand antiseptic agents is essential for medical 
practitioners and food handlers, even for those with 
this condition. In current practice, quick-drying hand 
antiseptic gels are recommended because they are 
time-saving, easy to use, and provide the same bacte-
rial eradication rate as hand washing with tap water 
and detergent [1]. An additional advantage is that the 
quick-drying active ingredients remain on the skin 
and continue the disinfection effect. However, a po-
tential negative effect is that the active ingredients 
will irritate the skin because of their continued pres-
ence on the skin surface. 

As a cationic detergent in the family of quater-
nary ammonium compounds, benzalkonium chloride 
(BZK) shows strong antiseptic activity against both 
gram-positive and -negative bacteria. In terms of skin 
sensitization, the irritant action of BZK has been 
shown to be minimal and more gentle than that of 
ethanol-based antiseptics [2-4]. Hand sanitizers con-
taining BZK are widely available in various settings, 
including hospitals, restaurants, and shopping cen-
ters. However, contact dermatitis due to BZK has 
been reported. In particular, previous case studies 
have reported the occurrence of erythematous rash, 
eczema, and blistering on the face, trunk, and limbs 
after using shampoo, plaster of Paris bandages, or 
antiseptic bath oil containing BZK [5-7].  
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Another well-known antiseptic, povidone-iodine 
(PVP-I), is widely used in mouthwash and in disin-
fection before surgery. In contrast to other antiseptics 
with efficacy against spore-forming bacteria, PVP-I 
shows low toxicity in humans. Moreover, PVP-I is 
believed to be one of the most effective antiseptics for 
the prevention of hospital-acquired infection, which 
might be attributable to its relatively long-term effi-
cacy. Nonetheless, some reports have been published 
on contact dermatitis due to PVP-I [8-10]. 

Ethanol (Et-OH) is the most used of the various 
available antiseptics. With the exception of some 
spore-forming bacteria and envelope-lacking viruses, 
ethanol shows a broad antibacterial and antiviral 
spectrum. Ethanol-based gels have been strongly 
recommended for maintaining the hand hygiene of 
medical experts, since they showed decreased skin 
irritation compared to hand washing with soap and 
water [11, 12] in addition to their strong disinfecting 
power. However, Et-OH is also well known to result 
in rough hands because of its strong defatting effect 
on the skin. In a cross-sectional survey, most re-
sponders (88% of 399 responders at a large United 
Kingdom teaching hospital) who used alcohol gel 
experienced skin complaints [13]. 

In addition to these other antiseptics, chlorhexi-
dine gluconate (CHG) also shows a broad antibacte-
rial spectrum. However, CHG does not affect 
spore-forming bacteria and viruses without enve-
lopes. In addition, although CHG has been reported 
to induce contact dermatitis, the incidence of this 
condition is very low [14, 15]. 

A number of studies have investigated the ef-
fects of these different antiseptic agents in subjects 
with normal skin conditions [7-9, 14, 16]. However, 
the effect of hand disinfectants containing these anti-
septic agents on AD remains unclear. Therefore, in 
this study, we investigated the effects of antiseptics 
containing BZK, PVP-I, Et-OH, or CHG using an AD 
mouse model to evaluate the relative response of 
atopic dermatitis-like skin lesions (ADSLs) in this 
model. 

2. Materials and Methods 
2.1. Animals 

Seventy-two 10-week-old male NC/Nga mice 
were purchased from Japan SLC Inc (Shizuoka, Japan) 
and maintained under conventional conditions [12 
mice per cage, a 12/12-h light/dark cycle, and ad 
libitum access to water and a commercial diet (CE-2; 
Japan Clea Co., Tokyo, Japan)] in a facility maintained 
at a temperature of 23–25°C and a humidity of 
50–70%. Animal experiments were performed with 

the approval of the Research Ethics Committee of Oita 
University of Nursing and Health Sciences. 

2.2. Chemicals 
The BZK, PVP-I, and CHG (20% aqueous solu-

tion) were purchased from Sigma-Aldrich (St. Louis, 
MO, USA); Et-OH (99.5% purity) was purchased from 
Wako Pure Chemical Industries (Osaka, Japan). To 
determine the dose to use in the administration of 
these active ingredients, we initially determined 
which hand antiseptic agents to evaluate by examin-
ing which ones were primarily used in 4 hospitals in 
Oita City and also sold at drug stores. We subse-
quently researched the concentrations of 4 types of 
active ingredients (BZK, PVP-I, Et-OH, and CHG) 
among the hand antiseptic gels or solutions. We also 
confirmed whether the active ingredients were sold at 
these concentrations in major commodities at the 
websites of the product company. Based on this in-
formation, we decided to administer BZK, PVP-I, 
Et-OH, and CHG at a dose of 0.2% (w/v), 10% (w/v), 
80% (v/v), and 0.5% (v/v), respectively. 

Mite crude extract (Dermatophagoides pteronyssi-
nus, Dp; Cosmo Bio Co., Ltd., Tokyo, Japan) was used 
as an allergen for inducing AD. 

2.3. Experimental design 
The mice were divided into 6 groups as follows: 

1) saline + vehicle (control group), 2) Dp + vehicle, 3) 
Dp + BZK, 4) Dp + PVP-I, 5) Dp + Et-OH, and 6) Dp + 
CHG. As shown in Figure 1, the animals in the ex-
perimental groups were exposed to the allergen 
through the subcutaneous injection of 5 µg of Dp 
dissolved in 10 µl of saline in the ventral side of the 
right ear 2 to 3 days a week (a total of 8 times) under 
anesthesia with 4% halothane (Takeda Pharmaceuti-
cal Co., Ltd., Osaka, Japan). Animals in the control 
group were not sensitized, receiving a subcutaneous 
injection of 10 µl of saline in the ventral side of the 
right ear. Animals belonging to the groups receiving 
an application of antiseptic agent were exposed to the 
allergen and treated with 0.2% (w/v) benzalkonium 
chloride (Dp + BZK), 10% (w/v) povidone-iodine (Dp 
+ PVP-I), 80% (v/v) ethanol (Dp + Et-OH), or 0.5% 
(v/v) chlorhexidine gluconate (Dp + CHG). These 
agents were applied a total of 15 times during the 
experimental period (Fig. 1). The BZK, PVP-I, Et-OH, 
and CHG were dissolved in 25 µl of injection water 
(Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan) and 
applied gently to the dorsal side of the right ear using 
a micropipette with a fine plastic tip. The animals in 
the Dp + vehicle and control groups received 25 µl of 
injection water. All animals were sacrificed on the last 
day of the experiment (day 18). 
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Figure 1. Experimental protocol. Dp; mite crude extract (Dermatophagoides pteronyssinus).  

 

2.4. Evaluation of skin disease 
Twenty-four hours after each subcutaneous in-

jection, the ear thickness was measured using a gauge 
(Ozaki Mfg., Tokyo, Japan), and the clinical score for 
ADSLs was determined using a modification of a 
previously described method [17] with the individual 
mouse. The total clinical severity score was defined as 
the sum of the individual scores for the symptoms 
measured. The symptoms of skin dryness and erup-
tion were scored as follows: 0, no symptoms; 0.5, mild 
symptoms; 1, moderate symptoms; and 2, severe 
symptoms. The presence of edema was scored as fol-
lowing: 0, no symptoms; 0.5, very mild symptoms; 1, 
mild symptoms; 2, moderate symptoms; and 3, severe 
symptoms. Crusting and erosion were scored as fol-
lows: 0, no symptoms; 0.5, very mild symptoms; 1, 
mild symptoms; 2, moderate symptoms; 3, severe 
symptoms; and 4, very severe symptoms. 

2.5. Total IgE and Dp-specific IgG1 
measurements 

Serum total IgE was determined with an en-
zyme-linked immunosorbent assay (ELISA; Mouse 
IgE ELISA Kit AKRIE-010, Shibayagi, Gunma, Japan) 
using sera collected from the retro-orbital venous 
plexus at one day before the first immunization, and 
at the end of the experimental period by cardiac 
puncture. The detection limit of this assay was less 
than 1 ng/mL. The production of total IgE during the 
experimental period was defined as the change in the 
total IgE (∆ total IgE), which was derived by sub-
tracting the measurement value of the first serum 
collection point from that of the second one. For pur-
poses of simplifying data presentation, the production 
of total IgE is expressed as total IgE values. The 
measurement of Dp-specific IgG1 antibody in the sera 
collected by cardiac puncture was performed using 
previously described protocols [18]. The sera were 
stored at –80°C for later measurements. 

2.6. Histopathological analysis 
At the end of the experimental period, the ears of 

6 mice from each group were removed, fixed in 10% 
neutral phosphate-buffered formaldehyde, and cut 
into 3 segments ~2 mm in width. After the ear seg-
ments were embedded in paraffin, 2 sections ~3 µm in 
thickness were obtained from each one. One of the 
sections was stained with hematoxylin and eosin, 
while the other one was stained with toluidine blue. 
Three points on each segment were arbitrarily se-
lected for indicating the apical, central, and basal re-
gions, and the number of inflammatory cells in the 
subcutaneous tissue of each of the 9 areas (3 ear seg-
ments × 3 regions) was counted using a Nikon 
ECLIPSE 50i light microscope (Nikon Co., Tokyo, 
Japan). The evaluated area was defined by a perpen-
dicular line extending from the edge of the cartilage of 
the external ear by a length of 100 µm (for eosinophil 
count) or 400 µm (for mast cell count) to the epidermal 
layer. Mast cell degranulation was scored as previ-
ously described [17]: non-degranulated (0%), mildly 
degranulated (0–50%), and severely degranulated 
(>50%). 

2.7. Cytokine and chemokine quantification 
At the end of the experimental period, the right 

ears of 6 mice from each group were removed, ho-
mogenized, and centrifuged as previously described 
[18]. The levels of Interleukin (IL)-1β, IL-2, IL-5, IL-10, 
IL-13, IL-33, keratinocyte chemoattractant (KC), in-
terferon (IFN)-γ, tumor necrosis factor (TNF)-α, mac-
rophage inflammatory protein (MIP)-1α, regulated on 
activation, normal T cell expressed and secreted 
(RANTES), and eotaxin were determined with the 
Quantikine ELISA Kit (R&D Systems, Inc., Minneap-
olis, MN, USA). IL-18 levels were assessed with the 
Mouse IL-18 ELISA Kit (Medical & Biological Labor-
atories, Co., Ltd., Aichi, Japan). The detection limits of 
IL-1β, IL-2, IL-5, IL-10, IL-13, IL-33, KC, IFN-γ, TNF-α, 
MIP-1α, RANTES, eotaxin, and IL-18 were 2.31, 3, 7, 
4.0, 1.5, 6.85, 2.0, 2, 1.88, 1.5, 2.00, 3, and 25 pg/mL, 
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respectively. The individual measured values were 
corrected by the weight of each mouse ear. 

2.8. Statistical analysis 
All statistical analyses were performed using 

PASW Statistics ver.18 for Macintosh (IBM, Armonk, 
NY, USA), and the results are reported as the mean ± 
standard error. All data were analyzed with a 
one-way analysis of variance (ANOVA) followed by 
Tukey’s honestly significant difference (HSD) test, 
with the exception of the data in Figure 2 and Table 1. 
The clinical ADSL scores were analyzed by two-way 
repeated measures ANOVA using the day of admin-
istration as the within-subject factor and the embro-
cation as the between-subject factor. The degrees of 
freedom were adjusted using Greenhouse-Geisser 
correction. If a significant F ratio was observed for the 
day × embrocation interaction, the differences result-
ing from the administration of different antiseptics 
were determined by Tukey’s HSD test. To analyze the 
contribution of antiseptic agents to AD-like skin le-
sions, Pearson’s correlation coefficient analysis was 
performed. A p-value of <0.05 was considered an in-
dication of statistical significance. 

 
Figure 2. Skin severity scores for the ears of NC/Nga mice. Open 
square = Dp + vehicle; solid square = Dp + BZK; open circle = Dp + PVP-I; 
solid triangle = Dp + Et-OH; solid circle = Dp + CHG. All data are the 
mean ± standard errors (SE) values of 12 mice. * p < 0.01 vs. Dp + vehicle 
group, † p < 0.01 vs. Dp + Et-OH group, and ‡ p < 0.01 vs. Dp + CHG 
group. 

3. Results 
3.1. Clinical scores 

Figure 3 shows the right ears of mice from the 
different groups at the end of the experiment. No 
change was observed in the saline + vehicle group 
(Fig. 3A). However, dryness, redness, and edema 

were noted in the Dp + vehicle group (Fig. 3B). Ex-
posure to Dp and the subsequent administration of 
BZK, PVP-I, or Et-OH but not CHG resulted in more 
severe symptoms (e.g., blood crust formation and 
erosion) as compared to the Dp + vehicle group (Fig. 
3C-F). The Dp-treated groups showed markedly 
higher clinical scores than the control group, includ-
ing the clinical scores for dryness, redness, erosion, 
crust formation, edema, and ear thickening (Fig. 2). 
The Dp + BZK group showed the highest average 
score from day 7 to the end of the experimental peri-
od, while the Dp + PVP-I group had the second 
highest average score from day 13 to the end of the 
experimental period. The average score of the Dp + 
Et-OH group was the same as that of the Dp + vehicle 
group until the assessment points before the last one, 
increasing to levels comparable to that of the Dp + 
PVP-I group at the final assessment point. The aver-
age score of the Dp + CHG group was not signifi-
cantly different from the Dp + vehicle group 
throughout the experimental period.  

The Dp + vehicle and antiseptic groups were 
analyzed by two-way repeated measures ANOVA to 
evaluate the contribution of the antiseptics to the 
ADSL clinical scores. The main effect of antiseptic 
type was observed to be significant (F(13.0, 179.3) = 3.909, 
p = 0.00001), indicating the pattern of aggravation as 
revealed by the skin scores significantly differed 
among the antiseptics. Moreover, analysis of the effect 
of the between-subject factor revealed significant dif-
ferences between the Dp + vehicle and antiseptic 
groups (F(4, 55) = 6.148, p = 0.0004). As shown by Tuk-
ey’s HSD test, the Dp + BZK group had a significantly 
increased score as compared to the Dp + Et-OH, Dp + 
CHG, and Dp + vehicle groups (p < 0.01). 

3.2. Inflammation of the subcutaneous tissue 
The dorsal skin of the ear in all Dp-treated 

groups showed a thickened epidermis and dermis, 
eosinophil accumulation (Fig. 4A), and mast cell 
degranulation (Fig. 4B) compared with that of the 
control group. The eosinophil count in the subcuta-
neous tissue of the Dp + BZK group was significantly 
increased compared to that of the control (p < 0.001), 
Dp + vehicle (p < 0.001), Dp + PVP-I (p < 0.01), and 
Dp + CHG (p < 0.01) groups (Fig. 4C). The Dp + PVP-I 
and Dp + Et-OH groups also showed a significantly 
increased eosinophil count compared with the control 
group (p < 0.05 and p < 0.001, respectively). However, 
the eosinophil count did not significantly differ 
among the Dp + PVP-I, Dp + CHG, and Dp + vehicle 
groups. The eosinophil count of the Dp + Et-OH 
group was increased relative to that of the Dp + vehi-
cle group, but the difference was not statistically sig-
nificant.  
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Figure 3. Macroscopic features of atopic dermatitis-like skin lesions (ADSLs) on the right ear at day 18. ADSLs were induced by the 
injection of D. pteronyssinus (Dp) into mouse ear tissue, and the effects of various antiseptics were examined. (A) Saline + vehicle, (B) Dp + vehicle, (C) Dp 
+ BZK, (D) Dp + PVP-I, (E) Dp + Et-OH, and (F) Dp + CHG. No changes were observed in the saline + vehicle group. However, the presence of dryness 
and erosion were observed in the Dp + vehicle group. The erosion was most severe in the Dp + BZK group, followed by the Dp + PVP-I and Dp + Et-OH 
groups. The clinical changes in the Dp + CHG group were similar to those of the Dp + vehicle group. 

 
 The number of severely degranulated mast cells 

and total mast cells were significantly increased in the 
Dp + vehicle group relative to those in the control 
group (p < 0.001, Fig. 4D), and in the Dp + BZK group 
compared to those of saline + vehicle (p < 0.001), Dp + 
vehicle (p < 0.01), and Dp + CHG (p < 0.001) groups. 
The Dp + PVP-I and Dp + Et-OH groups showed a 
significantly increased number of severely degranu-
lated mast cells and total mast cells relative to the 
control group (p < 0.001) but not the Dp + vehicle 
group, despite both antiseptic groups displaying rela-
tively higher values for these parameters as compared 
to the Dp + vehicle group. The number of severely 
degranulated mast cells and total mast cells in the Dp 
+ CHG group were significantly increased compared 
to those of the control group (p < 0.05) but not the Dp 
+ vehicle group. The mast cell number was the lowest 
in the Dp + CHG group relative to the other 
Dp-treated groups. The Dp + CHG group showed 
significantly reduced numbers of severely granulated 
mast cells and total mast cells compared to the Dp + 
PVP-I group (p < 0.05 and p < 0.001, respectively) and 
Dp + Et-OH group (each p < 0.05). 

3.3. Cytokine and chemokine levels in ear 
tissue 

The IL-1β levels of the Dp + BZK group were 
significantly higher than those of the control, Dp + 
vehicle, Dp + Et-OH, and Dp + CHG groups (p < 
0.01), and the Dp + PVP-I group (p < 0.05, Fig. 5A). 
Significant differences in the IL-1β levels were not 
observed between the other groups. Meanwhile, the 
IL-33 levels were significantly higher in the 
Dp-treated groups relative to those of the control 

group (Fig. 5B), and in the Dp + BZK group relative to 
those of the Dp + vehicle and Dp + CHG groups (p < 
0.05). However, no differences in IL-33 levels were 
found between the Dp + PVP-I, Dp + Et-OH, Dp + 
CHG, and Dp + vehicle groups. The IL-18 and 
RANTES levels were increased in the Dp + BZK 
group compared to the control group (p < 0.01 and p 
< 0.05, respectively; Fig. 5C, E) and were increased 
relative to those of other groups, but the differences 
were not significant. No significant differences in 
IL-18 and RANTES levels were observed among the 
other groups. The profile of MIP-1α mirrored that of 
IL-1β (Fig. 5D). Compared to the Dp + vehicle group, 
the antiseptic groups tended to show decreased eo-
taxin levels (Fig. 5F). This decrease was significantly 
greater in the Dp + CHG group compared to the Dp + 
vehicle group (p < 0.05). The TNF-α levels were in-
creased in the Dp + BZK and Dp + PVP-I groups 
compared to the Dp + vehicle group, but the differ-
ences were not significant (Fig. 5G). 

3.4. Production of serum Ig 
Injection of mite allergen tended to increase the 

total serum IgE (Fig. 6A) and Dp-specific IgG1 (Fig. 
6B). The application of BZK markedly induced total 
IgE production compared with the Dp + vehicle (p < 
0.001). As well, the application of PVP-I but not Et-OH 
or CHG tended to increase the total IgE level. The 
Dp-specific IgG1 level substantially increased with the 
application of BZK, PVP-I, and Et-OH as compared 
with Dp alone, but the overall relative difference was 
small. The application of CHG did not induce 
Dp-specific IgG1 production. 
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3.5. Pearson’s correlation coefficient analysis 
To investigate the contribution of the evaluated 

parameters to the clinical scores, Pearson’s correlation 
coefficients were calculated. As shown in Table 1, 
there were very strong positive relationships between 
the score for AD-like skin lesions and the number of 
mast cells, severely degranulated mast cells, and eo-
sinophils, and the levels of MIP-1α and IL-1β. There 

were also strong positive relationships between the 
score for AD-like skin lesions and the levels of IL-33, 
IL-18, TNF-α, total IgE, and RANTES. However, there 
was a weak positive relationship between the score 
for AD-like skin lesions and the level of anti-
gen-specific IgG1, while no relationship was observed 
with the level of eotaxin. 

 
 

 
Figure 4. Histological changes in mouse ear tissue on day 18. Microscopic view of ear sections stained with (A) hematoxylin and eosin (HE; scale 
bar = 40 µm) or (B) toluidine blue (TB; scale bar = 40 µm). Number of eosinophils (C) and mast cells (D) in ear tissue stained with HE and TB. The numbers 
of inflammatory cells in 9 areas that extended perpendicularly from the edge of the cartilage of the external ear by a length of 100 µm (eosinophils) or 400 
µm (mast cells) to the epidermal layer were counted. Mast cells were classified as non-degranulated (0%), mildly degranulated (0–50%), or severely 
degranulated (>50%) according to the severity of degranulation. Data are the mean ± SE values of 6 mice in (B) and (C). * p < 0.05, ** p < 0.01, and *** p 
< 0.001 vs. saline + vehicle group. † p < 0.01, and †† p < 0.001 vs. Dp + vehicle group. ‡ p < 0.01 vs. Dp + PVP-I group. § p < 0.05, §§ p < 0.01, and §§§ p 
< 0.001 vs. Dp + CHG group. 
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Figure 5. Levels of cytokines and chemokines in mouse ear tissue. After collection, immediate freezing, and homogenization of the ear tissue on 
the final day of the experiment, the supernatant of the homogenized tissue was used to measure the level of inflammatory proteins via ELISA. Levels of (A) 
IL-1β, (B) IL-33, (C) IL-18, (D) MIP-1α, (E) RANTES, (F) eotaxin, and (G) TNF-α. The Y-axis values represent the picograms of each inflammatory protein 
per milligrams of total ear protein. Data are mean ± SE values of 6 mice. * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. saline + vehicle group. † p < 0.01, and 
†† p < 0.001 vs. Dp + vehicle group. ‡ p < 0.05 vs. Dp + PVP-I group. § p < 0.01 vs. Dp + Et-OH group. || p < 0.05, and || || p < 0.01 vs. Dp + CHG group. 

 
 
 

Figure 6. Immunoglobulins levels in the 
serum of NC/Nga mice. (A) Total IgE and (B) 
Dp-specific IgG1 levels. Sera were collected by 
orbital puncture at one day before the first im-
munization (for IgE) and cardiac puncture on the 
last day of the experiment (for IgE and IgG1), and 
assayed by ELISA. Results are mean ± SE values of 
12 mice. * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. 
saline + vehicle group. † p < 0.001 vs. Dp + vehicle 
group. ‡ p < 0.05 vs. Dp + PVP-I group. § p < 0.001 
vs. Dp + Et-OH group. || p < 0.001 vs. Dp + CHG 
group. 

 
 

Table 1. Pearson’s correlations between the score for atopic dermatitis-like skin lesions and various evaluated parameters. 
 Eosinophils Total mast 

cells 
Severely 
degranulated 
mast cells 

IL-1β IL-33 IL-18 MIP-1α RANTES Eotaxin TNF-α IgE IgG1 

r 0.752 0.818 0.812 0.720 0.694 0.647 0.786 0.485 0.281 0.636 0.622 0.299 
p < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.003 0.097 < 0.001 < 0.001 0.011 
r; Pearson’s coefficient of correlation 
p; value of significance probability 
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4. Discussion 
In the present study, the application of BZK 

caused the greatest ADSL aggravation, while CHG 
application did not result in ADSL aggravation. Alt-
hough PVP-I and Et-OH also caused some ADSL ag-
gravation, the degree of aggravation was moderate 
compared to BZK. The application of BZK induced 
the infiltration of inflammatory cells and increased 
IL-1β, IL-33, IL-18, and MIP-1α levels in subcutaneous 
tissue and total IgE in serum. The application of PVP-I 
also increased the infiltration and degranulation of 
mast cells and increased the TNF-α levels in subcu-
taneous tissue and IgE levels in serum. The applica-
tion of Et-OH resulted in the least response, with only 
an increase in the infiltration of inflammatory cells. 
Meanwhile, the application of CHG did not induce 
the infiltration of inflammatory cells or the production 
of cytokines and chemokines in the subcutaneous 
tissue and IgE in the sera, when compared to saline 
alone. 

BZK is used at a 0.01–0.2% concentration in an-
tiseptics for the hands and skin. Although BZK is 
considered a mild skin antiseptic and is widely used 
in a number of settings, BZK enhanced the ADSLs 
most strongly in the present study. Moreover, BZK 
administration resulted in increased total IgE and 
antigen-specific IgG1 production, infiltration and 
degranulation of inflammatory cells into subcutane-
ous ear tissue, and cytokine and chemokine levels in 
the ear tissue. Igs play a role in allergic inflammation, 
which is induced in part by mast cell and eosinophil 
degranulation [19, 20]. The IgE receptors on the sur-
face of mast cells bind to IgE antibody and are 
cross-linked to the antigen, resulting in degranulation 
and the release of proinflammatory molecules. Like-
wise, IgG antibody binds to cell surface Fc-γ receptor, 
leading to cross-linkage to the antigen and the sub-
sequent release of proinflammatory molecules. The 
proinflammatory molecules can cause damage to the 
subcutaneous tissue in AD or respiratory tract tissue 
in allergic airway inflammation [21-23]. A few previ-
ous studies have examined the role of BZK in immu-
noglobulin production. Larsen et al. [24] reported the 
adjuvant effect of BZK and the increased production 
of antigen-specific IgE and IgG1 following subcuta-
neous injection. Our results showing the increased 
production of Igs is consistent with this previous re-
port. Further, the infiltration and degranulation of 
eosinophils and mast cells at the lesion site indicated 
the activation of inflammatory cells and Igs induced 
by the application of BZK contributes to the aggrava-
tion of ADSLs in this model. 

In the present study, BZK also caused an in-
crease in the IL-1 family of cytokines (e.g., IL-1β, 

IL-18, and IL-33) at the lesion site. The IL-1 family is 
associated with inflammatory skin conditions such as 
AD, contact dermatitis, psoriasis, and cutaneous lu-
pus erythematosus [25]. IL-18, which is expressed by 
activated macrophages, epidermal keratinocytes, and 
dendritic cells, has been shown to contribute to AD-
SLs in a mouse model of AD [26]. IL-18 also contrib-
utes to human AD, and high serum levels of this cy-
tokine have been suggested to be correlated with IgE 
levels [27]. Moreover, a study using transgenic mice 
showed that the accumulation of IL-18 in lesion sites 
induced ADSLs and that this process was accelerated 
by the presence of, IL-1β, independently of IgE [28]. 
IL-33 is a new member of the IL-1 family and is highly 
expressed in keratinocytes, endothelial cells, and the 
epithelium. The high expression of IL-33 elicits ADSLs 
with the induction of eosinophils in transgenic mice 
[29]. In the current study, BZK enhanced the produc-
tion of the IL-1 family, which likely aggravated the 
antigen-induced AD in mice.  

The application of BZK also resulted in higher 
levels of MIP-1α, which acts as a chemoattractant that 
induces eosinophil chemotaxis to lesions in allergic 
respiratory diseases [30]. Additionally, MIP-1α levels 
have been shown to increase in patients with AD [31] 
and in mice with ADSLs [32]. In the present study, 
this chemokine also appears to have contributed to 
the aggravation of ADSLs in the Dp + BZK group. 

Povidone-iodine is commonly used as an anti-
bacterial agent and antiseptic, and has gained wide-
spread acceptance because of its low toxicity and high 
germicidal efficacy. In this study, the application of 
PVP-I produced the second most severe aggravation 
of ADSLs. Moreover, it enhanced the infiltration and 
degranulation of mast cells in subcutaneous tissue, 
and tended to increase the production of total IgE, 
Dp-specific IgG1, TNF-α, and MIP-1α in ear tissue. A 
few studies have examined the effect of PVP-I on mast 
cells, and the authors have suggested that PVP-I in-
hibits mast cell degranulation [33, 34]. By contrast, in 
the present study, the application of PVP-I induced 
the exacerbation of the ADSLs. This finding suggests 
the possibility that PVP-I can be an aggravating factor 
for AD through inducing the degranulation of mast 
cells. In AD, the degranulation of mast cells as medi-
ated by TNF-α and histamine induces the expression 
of intercellular adhesion molecule-1 (ICAM-1) in 
keratinocytes [35], which is expressed on the vascular 
endothelium, and is associated with the transmigra-
tion of inflammatory leukocytes [36]. The application 
of PVP-I induced the highest levels of TNF-α produc-
tion among the test groups, although not to a signifi-
cant extent. TNF-α may help in the infiltration of mast 
cells in this group.  

PVP-I is used to treat AD, a condition that may 
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promote infection by Staphylococcus aureus [37]. Alt-
hough S. aureus has been strongly suggested as an 
aggravation factor of AD [38, 39], the use of PVP-I 
might require careful use in the treatment of AD, since 
it appears to have exacerbated mite-induced AD in 
the current study. 

The application of Et-OH also tended to increase 
the ADSLs and infiltration of inflammatory cells, but 
the other evaluated parameters appeared to be unaf-
fected. Et-OH breaks the skin barrier function, and 
was found in a previous study to aggravate AD in an 
AD mouse model [40]. Hence, our findings are in 
agreement with the results of this previous study. 
Further, the present findings suggest that inflamma-
tory cells in the local inflammatory area might con-
tribute to the Et-OH-induced aggravation of ADSLs. 

In the present study, the application of CHG re-
sulted in no changes to the mite-induced AD. This 
result suggests that CHG might be safely used as an 
antiseptic in AD patients. However, because CHG can 
lead to anaphylactic shock [41], caution should be 
applied in its administration by AD patients. 

The results of the Pearson’s correlation coeffi-
cient analysis indicated the extent of the infiltration of 
inflammatory cells into subcutaneous tissue was very 
strongly consistent with the extent of ADSL severity. 
The MIP-1α and IL-1β in the lesion sites also contrib-
uted to the aggravation of ADSLs. The levels of IL-33, 
IL-18, TNF-α, total IgE, and RANTES were also well 
correlated with the extent of ADSL severity. The lev-
els of all of these parameters were the highest in the 
Dp + BZK group, with the exception of TNF-α, indi-
cating the application of BZK aggravated the ADSL in 
the mice most strongly. The antiseptic agents PVP-I 
and Et-OH had a weaker effect than BZK application 
and did not result in a significant increase of these 
parameters when compared with the Dp + vehicle 
group, with the exception of mast cell infiltration. 
Thus, the effect of PVP-I and Et-OH application were 
not as strong as that of BZK. The application of CHG 
did not contribute to increasing the parameters asso-
ciated with ADSL aggravation, indicating ADSLs are 
not exacerbated by CHG. 

5. Conclusions 
The application of BZK to the lesion sites in an 

AD mouse model markedly aggravated aller-
gen-induced ADSL production. The application of 
PVP-I and Et-OH also tended to increase ADSLs in 
this animal model, while the application of CHG did 
not induce an aggravation of this condition. The re-
sults of the current study will help medical staff and 
food handlers escape the potentially-severe antisep-
tics to AD. 
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