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a b s t r a c t

Atopic dermatitis (AD) is a familial and chronic inflammatory pruritic skin disease that affects a large

number of children and adults in industrialized countries. It is known that one of the prominent

features of AD and chronic pruritus is partially due to the histamine released from mast cell. In this

work, hydrogel patches with natural herbal extracts were prepared by ‘‘freezing and thawing’’, and a

gamma irradiation. It showed eminent healing results as a consequence of long-term moisturizing

effects and natural herbal extracts on atopic wounds. Besides its non-toxicity and human harmlessness,

it can be easily attached to or detached from the skin without any trace and help patients to feel

refreshment when attached. Based on this work, the hydrogel patches we made can be potentially used

as an alternative remedy for not only pruritus in AD, but other dermatitis.

& 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Atopic dermatitis (AD) is a chronic inflammatory skin disease
which occurs mainly in childhood and a pervasive health problem
in developed countries. Both genetic and environmental factors
are known to be involved in the pathogenesis of AD (Abramovits,
2005). It has been reported that the incidence of AD in children is
closely linked to the prevalence of AD in their parents (Bohme
et al., 2003). However, a variety of environmental factors, such as
environmental pollutants and microbial infection, are also
implicated in the increased occurrence of AD (von Mutius,
2000). In allergic diseases, it has been suggested that Th2
responses predominate over Th1 responses, showing increased
expression of Th2 cytokines, including interleukin-4 (IL-4), IL-5,
and IL-13 (Homey et al., 2006). AD patients commonly exhibit
hyperproduction of IgE and it has been reported that Th2
cytokines, such as IL-4, mediate IgE isotype switch in B
lymphocyte (Abramovits, 2005).

Houttuynia cordata Thunb (HC), well known as ‘E-Sung-Cho’ in
Korea, has been used for the treatment of Herpes simplex (Chiang
et al., 2003), chronic sinusitis and nasal polyps (Li et al., 2001).
Recently, a few papers reported the antileukoemic activity (Chang
et al., 2001), anticancer activity (Kim et al., 2001), adjuvanticity
(Wang et al., 2002), and antioxidant action (Cho et al., 2003) of HC
water extract. Ulmus davidiana var. japonica (UD) is a deciduous
ll rights reserved.
broad-leaved tree widely distributed in oriental countries, and its
stem and root barks have been used as a traditional medicine for
the treatment of edema, mastitis, cancer, inflammation, and
rheumatoid arthritis for a long time (Lee, 1966). Until recently,
several glycoproteins and terpenoids have been identified in the
stem and root barks of UD, and their pharmacological actions
were evaluated.

Hydrogels are three dimensional, hydrophilic, polymeric net-
works capable of imbibing a large amount of water or biological
fluid without dissolution due to the presence of chemical cross-
links, or physical cross-links (Peppas and Merrill, 1976). The
hydrogels have many special properties such as a transparency to
allow healing follow up, absorb and prevent loss of body fluids,
barrier against bacteria, good handling, and oxygen permeability
(Rosiak, 1994). Poly(vinyl alcohol) (PVAL) hydrogels have received
increasing attention in biomedical and biochemical applications,
because of their permeability, biocompatibility and biodegrad-
ability (Yeom and Lee, 1996).

Gamma-ray irradiation is recognized as a very suitable tool for
the formation of those hydrogels. The radiation process has
various advantages such as easy process control, possibility of
combining the hydrogel formation and sterilization in one
technological step, no necessity to add any initiators and cross-
linkers possibly harmful and difficult to remove (Rosiak and
Ulanski, 1999).

In this study, we prepared the PVAL hydrogels containing
natural herbal extracts (HC and UD) for Atopic dermatitis
treatment and the propylene glycol (PG) was used as a moisturizer
to improve the skin adherence when the PVAL hydrogels were
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applied. These PVAL hydrogels were tried to be potentially used as
an alternative remedy for AD.
PVA/PG ratio
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Fig. 1. Gel content of PVAL/PG/HCUD hydrogels as a function of PVAL/PG ratio.
2. Experimental

2.1. Materials and experimental animals

HC and UD used in this study were purchased from Shinheung
Scientific Co. (Daejeon, Korea). Polyvinyl alcohol (PVAL) was
purchased from DC Chemical Co., Ltd. (Iksan, Korea) of which the
hydrolysis degree was 98.0–99.5% with a molecular weight of
about 79 kDa, and was used without further purification.
Propylene glycol was supplied by SHOWA Chemical Co., Ltd.
(Tokyo, Japan). 2, 4-dinitrofluorobenzene (DNFB) and formalde-
hyde were supplied by Sigma (St. Louis, MO, USA). The membrane
preventing the drying of hydrogel was obtained from UPS Co., Ltd.
(Nonsan, Korea). Double distilled water (DDW) was used as a
solvent in all experiments. Female BALB/c and C57BL/6 mice
(6 weeks old) were purchased from Orient Bio Co., Ltd.
(Iksan, Korea). They were housed 5�10 per cages in laminar air-
flow cabinet maintained at 2373 1C and relative humidity of
55710% throughout the study. These experiments were approved
by the Korean Laboratory Animal Care and Use Committee. All
procedures were conducted in accordance with the ethical
guidelines of the institute (KAERI), and for the care and use of
laboratory animals (Institute of Laboratory Animal Research,
1996).

2.2. Preparation of natural plant extract

The dried HC (7 g) and UD (7 g) were immersed in 500 ml of
DDW, kept overnight in a water bath (80 1C), respectively. The
resulting extracts were filtered through a Whatman no. 1. HC
extract was mixed with UD extract at the ratio of 9:1 (HC:UD), and
the mixed solution was used as a solvent for dissolving PVAL
instead of DDW.

2.3. Preparation of hydrogels for atopic dermatitis

PVAL hydrogel was prepared with previously reported proce-
dure (Xiaomin et al., 2008). In my experiment, the HC suppressed
only the production of cytokines TNF-a while the UD suppressed
only cytokines IL-4. Therefore, we used the mixture of HC and UD
to maximize the healing effect of atopic dermatitis. We compared
the healing effect of pure hydrogel and hydrogel containing
extract.

The PVAL and PG was dissolved in aqueous HC/UD solution at
120 1C, and then casted to the membrane preventing the drying of
hydrogel. The hydrogels from a mixture of PG and PVAL were
made by ‘‘freezing and thawing (freezo)’’ technique, and followed
by 60Co g-ray irradiation of 25 kGy (MDS Nordion, CA, IR221n wet
storage type C-188, Advanced Radiation Technology Institute,
Korea, dose rate: 10 kGy/h) at room temperature. The freezo
technique involved lowering the temperature to �76 1C, standing
at this temperature for 4 min, and then raising the temperature to
the room temperature. The PVAL/PG ratio was in the range of
9:1–7:3 wt%, and the solid concentration of the total PVAL/PG
solution was 25 wt%.

2.4. Characterization of hydrogels

The gel content of the hydrogels was measured by extraction in
a hot DDW of 50 1C for 48 h and vacuum dried at 50 1C for 48 h
until they reached constant weight. The gel content was defined
as in Eq. (1); where Wd is the dried gel weight after extraction, and
Wi is the initial weight of the polymer.

Gel contentð%Þ ¼
Wd

W i
� 100 (1)

Tensile strength of the hydrogels was measured using universal
mechanical tester (Instron, model 4443, USA) at room tempera-
ture (n ¼ 5). Dumbbell-shaped specimens of 50 mm long with a
neck of 28 and 4 mm wide (ASTM D882) were used. The cross-
head speed was fixed at 50 mm/min.

2.5. Animal test

In order to examine the therapeutic effect of the hydrogel on
contact and atopic dermatitis, the following experiments were
conducted. C57BL/6 mice were shaved and a 0.5% dilution of DNFB
in a mixture of acetone:olive oil ¼ 4:1 was applied to the back of
the mice to cause edema. While a control was left untreated, mice
in an experimental group were covered twice a day for 8 days
with the hydrogels. The hydrogels were applied twice a day for
7 days to the dorsal neck of BALB/c mice. After 7 days of the
pretreatment, an oligomeric mixture of condensation products of
N-methyl-p-methoxyphenethylamine and formaldehyde was in-
jected in a dose of 50mg per mouse into the dermis of the dorsal
neck of the pre-treated mice and the non-treated control mice.
Both the experimental mice and the control mice were caged and
photographed for 60 min with a video camera to monitor the
behaviors. The skin itchiness was assessed according to the
method suggested by the Orito group.
3. Results and discussion

3.1. Gel content and tensile strength of PVAL/PG/HC/UD hydrogels

Fig. 1 shows gel content of the hydrogels which were
synthesized by freezo and g-irradiation. This freezo procedure of
PVAL results in the formation of crystallites that serve as physical
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cross-links to render the material insoluble in water. The gel
content (%) was continuously decreased as the amount of PG in
PVAL/PG increased because PG is not gelated by freezo or
irradiation. The tensile strength is shown Fig. 2. We measured
the tensile strength for the hydrogels without the covering
membrane for hydrogel. The tensile strength increased as the
concentration of PG in PVAL/PG/HC/UD decreased. The content of
PG dose had a great influence on the tensile strength of hydrogels.
It was shown that the tensile strength of hydrogel was
proportional to the gel content.
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Fig. 2. Tensile strength of PVAL/PG/HCUD hydrogels as a function of PVAL/PG ratio.
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3.2. Animal test of PVAL/PG/HCUD hydrogels

Fig. 3 is therapeutic effect of hydrogel on contact dermatitis.
The mice were observed for dermatitis progression during the
experimental duration. The mice covered with the pure hydrogels
and hydrogel containing extracts were gradually recovered from
the edema, whereas the control mice suffered from increasingly
deteriorated edema. Particularly, the hydrogels with extracts were
extremely more effective than the pure hydrogels. The biological
activity of HC and UD was not changed during the short
dissolution time (20 min) at 120 1C in our experiment. We
induced atopic dermatitis by injection of an oligomeric mixture
of condensation products of N-methyl-p-methoxyphenethylamine
and formaldehyde. Both the experimental mice and the control
mice were caged and photographed for 60 min with a video
camera to monitor the behaviors thereof. The mice were observed
for scratching behavior and the number of scratches was counted.
The results are graphed in Fig. 4. The control mice, into which
dermatitis was introduced without pretreatment with the
hydrogels, were observed to scratch their necks about 100 times
for the first 30 min. The number of scratches, although decreasing
over time, amounted to 40 even 60 min after the rash broke out. In
contrast, the mice into which atopic dermatitis was introduced
after pretreatment were found to scratch the neck up to 40 times,
and the number of scratches decreased over time, and
approximated zero 60 min after the rash broke out. As a result,
we believe that both hydrogel and extract can relieve the
itchyness attributable to atopic dermatitis and be effectively
used for the treatment and prevention of atopic dermatitis.
4. Conclusions

In this work, attempts were made to prepare hydrogels for
atopic dermatitis which consisted of PVAL/PG and natural herbal
extracts (HC/UD). The hydrogels were made from physical cross-
linking and then chemical cross-linking of 60Co g-ray irradiation.
Day 4 Day 8

Day 4 Day 8

Day 4 Day 8

eatment of PVAL/PG/HCUD hydrogels.
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Fig. 4. The results of atopic dermatitis treatment for PVAL/PG/HCUD hydrogels (a) BALB/c mouse and (b) result of scratching test.
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Gel content and gel strength increased as concentration of PG in
PVAL/PG decreased. The PVAL/PG/HC/UD hydrogels were effica-
cious in allergenic dermatitis through the animal test. Therefore,
we plan to apply these hydrogels to the patients with allergenic
dermatitis in the near future.
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