
Effect of pedunculagin investigated by non-invasive

evaluation on atopic-like dermatitis in NC/Nga mice

Onseok Lee1,2, Myeunghun Choi3, Seunghan Ha1,2, Gunwoo Lee1,2, Jaeyoung Kim1,2,
Gyuman Park1, Minwon Lee4, Youngwook Choi4, Mingi Kim5 and Chil Hwan Oh1,2,3

1Research Institute for Skin Image, Korea University Medical Center, Seoul, South Korea, 2Biomedical Engineering, Biomedical Science of Brain Korea 21,
Korea University College of Medicine, Seoul, South Korea, 3Department of Dermatology, Korea University Guro Hospital, Korea University College of
Medicine, Seoul, South Korea, 4Department of Pharmaceutics, Chungang University College of Pharmacy, Seoul, South Korea and 53D Information

Processing Laboratory, Korea University, Seoul, South Korea

Background/purpose: Atopic dermatitis (AD) is a chronic

relapsing inflammatory skin disorder that is becoming in-

creasingly prevalent. Experimental animal models have

been an indispensable tool for studying its pathological

mechanisms and for in vivo testing of novel therapeutic

approaches. AD-like lesions can be induced experimentally

in NC/Nga mice. Pedunculagin, an ellagitannin purified from

the Manchurian alder, Alnus hirsuta var. microphylla, Betu-

laceae, is a novel immunomodulator. To evaluate the effect

of pedunculagin for AD-like lesions in NC/Nga mice, using

clinical and non-invasive methods.

Methods: AD-like lesions were induced in NC/Nga mice

using 2,4,6-trinitrochlorobenzene (TNCB). A cream contain-

ing 0.1% or 0.5% pedunculagin was applied to the positive

treatment group, and the base cream without pedunculagin

was applied to the negative treatment group. The control

group did not receive any kind of topical agents. We

evaluated the therapeutic efficacy of pedunculagin for AD

by statistical evaluation of the clinical severity score using

non-invasive biomedical engineering tools before treatment,

and 1 day, 3 days, 1 week, 2 weeks and 4 weeks afterwards.

Results: An AD-like skin rash was successfully induced

using TNCB in NC/Nga mice. The group receiving higher

concentrations of pedunculagin showed faster and greater

improvement.

Conclusion: Our results suggest that remedies made from

natural materials like pedunculagin are now showing pro-

mise for medical applications, and many new studies are

expected to explore this potential.
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ATOPIC DERMATITIS (AD) is a chronic, relapsing,
inflammatory skin disease that is represen-

tative of the allergic diseases, which include
asthma and allergic coryza. Recently, the inci-
dence of AD has rapidly increased, especially in
industrialized countries, suggesting that environ-
mental factors play a role. Research on the cause
of AD is progressing and new treatments are
being developed, but the main issue for AD is
finding methods of safe, long-term control and
cure. Medications to control skin moisture and
inflammatory reactions are currently the domi-
nant treatment, including non-steroidal immuno-
suppressive agents, cyclosporin, interferon-g,
thymopentin, mycophenolate mofetil and intra-
venous immunoglobulin. However, new medi-
cines that can be applied safely, for long periods,
are needed to replace these medicines, because

they relieve symptoms only temporarily or cause
side effects after an overdose or long-term use.

The diagnosis of most diseases is based on
morbid histology, requiring invasive methods
such as tissue biopsy (1). However, non-invasive
bioengineering methods allow scientific analysis
of the molecular interrelation of tissue and cells,
in vivo, in real time. To measure AD quantita-
tively, medical bioengineering methods, such
as the Evaporimeter

s

, Corneometer
s

and pH
meters, are widely used. Stereoimage optical
topometer (SOT), a method of research for the
three-dimensional (3D) investigation of the skin
surface, has also been used for comparative
analysis of skin before and after the application
of natural material (2, 3).

We induced an AD-like disease in a mouse
model (4, 5), and analyzed the symptoms quanti-

371

Skin Research and Technology 2010; 16: 371–377
Printed in Singapore �All rights reserved
doi: 10.1111/j.1600-0846.2010.00443.x

r 2010 John Wiley & Sons A/S

Skin Research and Technology



tatively using a clinical severity score (6–8). In
addition, non-invasive methods and methods for
3D analysis of the skin surface, such as SOT, were
used to directly and quantitatively analyze AD.
We comparatively and statistically analyzed the
results to determine the effects of an AD medi-
cine based on a natural substance.

Materials and Methods

Experimental animals
Forty NC/Nga (male, 6 weeks old) mice were
obtained from Central Laboratories, Animal Inc.
(Korea). They were used for experiments after
being held under specific pathogen-free (SPF)
conditions for 7 days (9). Temperature was main-
tained at 23� 3 1C, humidity at 55� 15% and
lighting from 07:00 to 19:00 hours. Unlimited
food and water were provided for all mice.

Sensitization and repeated application with
2,4,6-trinitrochlorobenzene
To induce AD artificially, 1% 2,4,6-trinitrochlor-
obenzene (TNCB) (acetone : ethanol 5 1 : 4) was
prepared and used to sensitize the mice
(100mL/mouse). The backs of the mice were
scratched using the tape-stripping method, and
7 days later, 100 mL of 1% TNCB was applied for
36 days at 2-day intervals to induce AD (5).
Applications were on the backs and ears of 20
mice, and on the backs of the others.

Therapeutic experiment
After inducing AD, 3 mL of cream was applied to
the backs of the mice once a day. A cream
containing 0.1% (n 5 10) or 0.5% (n 5 10) pedun-
culagin was applied to the positive treatment
group, and the base cream with no pedunculagin
was applied to the negative treatment group
(n 5 10). The control group (n 5 10) received no
cream. For ear thickness measurements, we ap-
plied cream to the ears of two groups: one that

received 0.5% pedunculagin and one that re-
ceived base cream. Applications stopped 12 h
before the efficacy test, which was conducted
after stabilization at a room temperature of
22 1C and a relative humidity of 60% for 30 min.
The severity of AD was measured with a visual
scoring and using bioengineering methods before
treatment, and 1 day, 3 days, 1 week, 2 weeks and
4 weeks afterwards.

The three kinds of cream, 0.1% pedunculagin,
0.5% pedunculagin and base cream, were pro-
vided by Prof. Minwon Lee and his team at the
College of Pharmacy at Chungang University
(see Fig. 1).

Clinical severity score
The clinical skin severity score was measured
following the method of Leung et al. (10). We
graded the levels of five symptoms, itching,
erythema/hemorrhage, edema, excoriation/ero-
sion and scaling/dryness, as 0 (none), 1 (mild),
2 (moderate) and 3 (severe). The scored opinions
of three dermatologists were aggregated and
calculated for the final score.

Ear thickness
Changes in ear thickness among mice that re-
ceived base cream and 0.5% pedunculagin cream
were measured using a traditional method. Three
measurements with a dial thickness gauge (Ozaki
Mfg, Osaka, Japan), with a precision of 1 mm,
were averaged (11–14).

Transepidermal water loss (TEWL)
When a probe 12 mm in diameter can penetrate
vertically into skin, a water vapor gradient exists
between the skin surface and the air. Two hygro-
meters in an Evaporimeter

s

(Dermalab, Cortex
Technology, Hadsund, Denmark) probe were
used to measure the humidity gap between two
areas, and TEWL was calculated from the mea-

Fig. 1. Components of the vehicle.
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sured values. Each measurement was conducted
three times at the same area, and averaged (15–
18). Measurements were performed at 24 1C and
46% relative humidity (19).

Roughness of skin contours
Using two charge-coupled device cameras, the
disparity was calculated and 3D information was
extracted from a pair of images, and then, para-
meters were selected for the 3D surface of the
skin. A visualized image of the disparity of all
digital image pixels is called a disparity map, and
contains indirect 3D coordinates (20). The process
of SOT was as follows: a digital stereo image was
chosen with a stereo microscope (Fig. 2a), a
disparity map was made with the image based
on a matching algorithm and 3D coordinates, by
pixel, were extracted from the map (2, 3). A pair
of skin furrow stereo images extracted from
normal skin by SOT is as follows (Fig. 2b) (2, 3).

We quantitatively analyzed skin roughness
before and after treatment using four parameters.
The selected parameters, arithmetic mean devia-
tion of the surface (Sa), 10-point height of the
surface (Sz), 3D length (SL) and 3D area (SA) of the
SOT, were measured for length, area and volume

size in 3D, and quantitatively analyzed to deter-
mine values for the roughness of the skin (2, 3).

Statistical analysis
The results of data comparison were statistically
reviewed using NCSS 2007

s

(NCSS Inc., Kays-
ville, UT, USA). To evaluate the improvement of
AD at the points of pre-treatment, and after 1 day,
3 days, 1 week, 2 weeks and 4 weeks, we
conducted Duncan multiple-range tests and Stu-
dent’s t-tests. P-values of o0.05 were considered
statistically significant.

Results

Induction of AD
Based on the continual increase in the clinical
severity score after sensitizing TNCB, we found
that an AD-like rash over the moderation ap-
peared after 3 weeks. Mice in the test group with
induced AD and mice in the non-induced groups
showed statistically significant differences as
measured by SOT and Evaporimeter

s

.

Clinical severity score
Analysis of the accumulated values of the clinical
severity scores demonstrated that the rates of
increase in groups receiving only the base cream
and those in the no treatment group were similar
to each other in each testing period. But the much
faster improvement in the 0.5% pedunculagin
group was comparatively lower than that in the
0.1% pedunculagin group. Groups that received
pedunculagin showed greater improvement than
groups that did not (Fig. 3).

Ear thickness
We compared mice that received base cream
applications on their ears with mice that received
applications of 0.5% pedunculagin cream in each
testing period, and found a significant change
3 days after application. In addition, the 0.5%
pedunculagin-treated mice showed a quantita-
tively significant difference in the period before
application and 4 weeks after application (Fig. 4).

TEWL
Analysis using an Evaporimeter

s

to compare
groups receiving 0.1% or 0.5% pedunculagin
with the no treatment groups showed a statisti-

Fig. 2. (a) Stereoimage optical topometer. (b) Disparity map calculated

by stereo matching based on left and right images. The 3D data view

was reconstructed from the disparity map.
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cally significant difference at 4 weeks after appli-
cation (Fig. 5).

Roughness of skin contours
The SOT results for four parameters, Sa, Sz, SL
and SA, are shown in Fig. 6. Statistically signifi-
cant differences were found between the non-
treated group and the 0.5% pedunculagin group
for all parameters at all points, 3 days after
application. Comparing the non-treated group
with the 0.1% pedunculagin group, Sa and Sz
showed significant differences 4 weeks after
application, as did SL at all points after 3 days,
and SA at 3 days, and at 2 and 4 weeks. We
observed no significant differences in Sz and SL
at any points when comparing the base cream
group with the 0.5% pedunculagin group, but Sa
showed differences 4 weeks after treatment, as
did SA at all points 1 week after treatment. The

base group and the 0.1% pedunculagin group
showed no significant differences, except for SA,
which showed significant differences after 4
weeks. A Duncan multiple-range test showed
that the values of Sa, Sz and SA were significantly
different in all groups, except for the non-treated
group, and differences in SL were found to be
intermediate between the 0.1% and the 0.5%
groups. Generally, the AD of the 0.5% group
appeared to improve more quickly than the
0.1% group for Sa, Sz and SA. Comparison of
the base cream group with the 0.5% group
showed significant differences only at Sa and
SA, and with the 0.1% group, only at SA, con-
firming that the 0.5% group showed more im-
provement than the 0.1% and the base cream
groups.

Discussion

Historically, people have looked to nature for
solutions to medical problems. As technology
has advanced to allow separation, structural
analysis and examination of activity on very
small scales, development of new medicines has
become an active pursuit in the field of medical
compounds.

The pedunculagin used in this study is an
ellagitannin refined from alder trees (Alnus hir-
suta var. microphylla, Betulaceas) (21). Ellagitan-
nins have been reported to not only provide
protection against inflammation, cancer, virus
and bacteria but also to suppress lipid peroxida-
tion, reduce blood urea nitrogen and improve
mental condition (21–24). According to a study of

Fig. 3. Distribution of accumulation values for the clinical severity

scoring test.

Fig. 5. Results for measurement of transepidermal water loss by an

Evaporimeter
s

. Data are mean � SD, n 5 40. *Po0.05 for all groups

by the Duncan multiple-range test. wPo0.05 for the non-treated group

vs. the 0.5% pedunculagin-treated group by the Student t-test.
zPo0.05 for the non-treated group vs. the 0.1% pedunculagin-treated

group by the Student t-test.

Fig. 4. Analysis of the response to treatment measured by changes in

ear thickness. Data are mean � SD, n 5 20. *Po0.05 for all groups

by the Duncan multiple-range test. §Po0.05 for the base cream group

vs. the 0.5% pedunculagin-treated group by the Student’s t-test.
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the mechanisms underlying pedunculagin’s
alleged anti-inflammatory effects, pedunculagin
increases the expression of IL-1b mRNA in Lan-
gerhans cells, and thereby increases the secretion
of IL-1b. This increases the activation of macro-
phages, natural killer cells and lymphocytes, as
well as the expression of TNF-a mRNA, and so
the expression of TNF-a is also increased. Mono-
cytes are also activated, which increases the
secretion of other cytokines (IL-1b, IL-6 and
GM-CSF), increasing immunity (23, 24). We
used an NC/Nga mouse model for an AD-like
disease to evaluate the efficacy of pedunculagin
in this context.

NC/Nga mice are an excellent natural model
for symptoms of AD that are similar to those
observed in humans in terms of progress, histo-
pathological and immunopathological findings,
and heredity under conventional or non-specific
pathogen-free (non-SPF) conditions. However,
NC/Nga mice do not develop symptoms of
skin diseases in an SPF environment (4). An
NC/Nga mouse transferred from an SPF envir-

onment to a normal environment develops
atopic-like dermatitis symptoms that are not as
severe as those in mice raised in a normal
environment from birth (4). The first symptoms
that an NC/Nga mouse develops under conven-
tional conditions begin at 6–8 weeks with scratch-
ing and erythematous erosion with edemas and
hemorrhage, which rapidly appears on the face,
ears and neck. Symptoms worsen by 17 weeks,
and finally, may cause lichenification, blepharitis
and ophthalmia in the worst cases (4, 25, 26). Like
AD in humans, AD-like symptoms in mice show
an improvement after 6 months in many cases (4).

A hapten-induced mouse model can easily be
constructed by repetitive application of 2,4-
dinitrochlorobenzene (DNCB) or TNCB. This
model is valuable because it generates various
symptoms of chronic inflammation, depending
on the hapten used, is easily induced and can be
evaluated quantitatively (27, 28).

Xeroderma and problems with skin barrier
function are the main features of human AD,
and NC/Nga mice also develop symptoms, such

Fig. 6. Results of the skin roughness test. (a) Sa (arithmetic mean deviation of the surface), (b) Sz (10-point height of the surface), (c) SL (3D length)

and (d) SA (3D area). Data are means � SD, n 5 40. *Po0.05 for all groups by the Duncan multiple-range test. wPo0.05 for the non-treated group

vs. the 0.5% pedunculagin-treated group by the Student t-test. zPo0.05 for the non-treated group vs. the 0.1% pedunculagin-treated group by the

Student’s t-test. §Po0.05 for the base cream group vs. the 0.5% pedunculagin-treated group by the Student’s t-test. 8Po0.05 for the base cream group

vs. the 0.1% pedunculagin-treated group by the Student’s t-test.
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as an increase in TEWL and abnormal skin con-
ductance. Dysbolism of ceramide and compli-
cated disorders of several genes, cytokines,
chemokines and proteolytic enzymes have all
been considered as factors contributing to the
skin inflammation of NC/Nga mice (4).

The stratum corneum plays the role of a barrier
in the skin, to maintain humidity. It consists of
hydrophilic components like keratin and hydro-
phobic components, and therefore contains
water, prevents water loss and protects the skin
from foreign substances. Some researchers assert
that disorders of skin barrier function caused by
the abnormal proliferation of the corneum from
eczema or psoriasis are directly related to the
symptoms of those diseases.

Various bioengineering methods for quantita-
tive analysis of skin water distribution are cur-
rently in use, including the Corneometer

s

, which
gauges the capacitance of skin and allows the
study of the relationship between the moisture
status of the corneum and damaged skin and the
Dermaflex

s

, which measures the elasticity of skin
(29). Viscoelasticity skin analyzer and shear wave
propagation (SWP) have also been used to eluci-
date the mechanism of skin’s barrier function, as
well as the effects of optional, active moisturiza-
tion and dehydration, but have not yielded clear
results (1, 30). Ultrasonic waves have also been
used to measure the moisture of the corneum in
many studies. However, new methods using
other technologies, such as radiation, magnetic
resonance and photonics, are being developed to
replace this method, because of the error caused
by the process of placing water directly into the
corneum.

In this study, non-invasive methods using
bioengineering devices, such as a dial thickness
gauge and Evaporimeter

s

, were used to measure
ear thickness and TEWL, to monitor improve-
ment after the treatment of AD. The roughness of
the skin was assessed using SOT and 3D analysis
of the skin’s surface was also performed. Statis-
tically significant results and morphological im-
provements were seen in groups that received
0.5% pedunculagin cream 3 days after applica-
tion, as measured by ear thickness using a dial
thickness gauge. Comparing the SOT results of
identical groups confirmed that a long treatment
period is needed to improve the roughness of
skin, because Sa and SA showed a statistically
significant improvement only after 4 weeks and 1
week, respectively.

All groups showed significant differences in
biomedical analyses by Evaporimeter

s

, using
Duncan multiple-range tests, but when compar-
ing all groups that received pedunculagin with
the non-treatment group, we could observe a
statistically significant improvement only after 4
weeks.

Experiments using bioengineering devices,
such as a dial thickness gauge or Evaporimeter

s

,
might lead to errors because of uncertainties in
the depth of skin to be measured. This limits the
physiological analysis of the ultrastructure of
troubled skin. As a result, only information on
the tendency of morphological changes in AD
was obtained. Measurements using SOT provide
3D and morphological parameters, however, and
so results could be verified in this way. The group
receiving higher concentrations of pedunculagin
showed faster and greater improvement, but
additional studies on the proper amount of ped-
unculagin are needed to test its use as a treatment
for AD.

The mechanisms of pedunculagin, including
the mechanism of immunological activation,
should be examined, and additional studies on
its efficacy against other inflammatory diseases
are also needed. Remedies made from natural
materials like pedunculagin are now showing
promise for medical applications, and many
new studies are expected to explore this poten-
tial.
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