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Topical application of a phospholipid mixture purified from pig
lungs ameliorates 2,4-dinitrofluorobenzene-induced allergic

contact dermatitis in BALB/c mice
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Abstract This work was designed to assess the pharma-
cological effectiveness as a novel anti-atopic dermatitis
remedy of a phopholipid mixture purified from pig lung
tissues, named KT&G101, using the BALB/c mouse model
of allergic contact dermatitis. Allergic contact dermatitis
was induced by applying 2,4-dinitrofluorobenzene (DNFB)
epicutaneously onto the dorsal skins of mice, and
KT&G101 was topically applied onto the skin areas with
the lesions. The topical application of KT&G101 (0.05 ml
of 10 mg/ml and 20 mg/ml KT&G101, twice a day for
15 days) decreased the total IgE level elevated in the sera of
mice undergoing allergic contact dermatitis. KT&G101 was
also able to decrease the 2,4-dinitrophenyl (DNP)-specific
IgE level elevated in the sera of the model mice. It reduced
the incidences of scratching behaviors in the mice under-
going DNFB-induced allergic contact dermatitis. It attenu-
ated some histopathological changes, such as pustule,
epidermal hyperplasia, dermatitis and fibroplasia, while it
could enhance the recovery of epidermis, in the damaged
skin tissues within a relatively short period after the topical
application of KT&GI10l. KT&GI101 lessened the
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expression of cytokines mRNAs, such as Th1-specific IL-2,
TNF-f and IFN-y, and Th2-specific IL-4, in the mouse skin
tissues showing the lesions. In brief, it is concluded that
KT&G101 alleviates the symptoms involved in induced
allergic contact dermatitis in BALB/c mice.
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Abbreviations

AD Atopic dermatitis

DEXA Dexamethasone

DNFB 2,4-Dinitrofluorobenzene

DNP Dinitrophenyl

DPPC  Dipalmitoylphosphatidylcholine
PC Phosphatidylcholine

PS Phosphatidylserine
Introduction

Allergic contact dermatitis is a prototypic T-cell-mediated
cutaneous inflammatory and a contact hypersensitivity
reaction that occurs after contact with allergens. It consists
of two distinct phases, i.e., the clinically silent sensitization
phase and the clinically apparent elicitation phase. In the
sensitization phase, haptens, such as low molecular weight
molecules or metal ions, are captured by skin dendritic
cells, including epidermal Langerhans cells, and activated
Langerhans cells migrate to regional lymph nodes and
activate antigen-specific T-cell precursors [1]. Allergic
contact dermatitis caused by DNFB, one of the strong
haptens, is mediated by CD8+ cytotoxic T cells and
downregulated by CD4+ T cells [2]. In the elicitation
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phase induced by re-exposure to the same hapten, the
reactive haptens activate resident skin cells, such as
keratinocytes, fibroblasts, endothelial cells and mast cells,
which release proinflammatory substances including cyto-
kines (IL-1f, IL-6, TNF-¢, etc.) and chemokines (CCL20,
etc.) [3]. Furthermore, the hapten molecules become
immunogenic after covalently attaching to certain amino
acid residues of cell surface proteins and then cause the
self-proteins to induce allergic contact dermatitis [4].
Similarly to contact dermatitis, it is known that atopic
dermatitis (AD) is attributed to chronic exposure to envi-
ronmental allergens, such as house dusts or mites [S].
Although haptens are generally used to induce allergic
contact dermatitis via primarily evoking a Thl-dominated
response, the multiple application of haptens onto the skin
of hairless mice over extended period has recently shown
to cause the skin inflammation to shift from a typical Thl-
dominated delayed-type hypersensitivity response to a
chronic Th2-dominated inflammatory response that
resembles human AD [6, 7]. The repeated application of
several haptens, such as oxazolone, DNFB and 2.4,6-tri-
nitrochlorobenzene (TNCB), caused a variety of changes,
observed in AD patients, on the mouse skin lesions, which
did not appear after only a single application [7].
Accordingly, the animal model made by repeated hapten
sensitization process can be useful for evaluating under-
lying action mechanisms of plausible anti-atopic therapies,
chiefly due to its reproducibility, low cost and time-saving.

Pulmonary surfactant is a unique mixture of surfactant
lipids and surfactant-specific proteins. Phosphatidylcholine
(PC) comprises about 80% of the total surfactant lipids,
about half of which is dipalmitoylphosphatidylcholine
(DPPC) [8]. The lipid-rich surfactant preparations and
DPPC, at physiological concentrations, could reduce lipo-
polysaccharide (LPS)-induced IL-8 expression at both
mRNA and protein levels in lung epithelial cells, resulting
in inhibited translocation of toll-like receptor 4 into
membrane lipid raft microdomains [9]. PC, a major com-
ponent of surfactant lipids, contains its anti-inflammatory
property through its capability to suppress arthritic symp-
toms in the carrageenan-induced rat arthritis model [10].
Orally administered PC reduced the collagen-induced
arthritis-induced hypersensitivity, decreased the number of
leukocyte-endothelial cell interactions and the extent of
functional capillary density, and decreased the expression
of inducible nitric oxide synthase (iNOS) [11]. PC was also
able to induce a prolonged inhibition of TNF-z-induced
pro-inflammatory signaling in intestinal epithelial cells
through a shift of the TNF-« receptors at the surface to lipid
rafts [12]. Liposomes made of phosphatidylserine (PS),
another component of surfactant lipids, were suggested to
exhibit an anti-inflammatory activity through activation of
peroxisome proliferator-activated receptors (PPARs) [13].
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In rat microglial cultures, PS liposomes reduced the release
of proinflammatory molecules such as nitric oxide (NO),
IL-1p, and TNF-o enhanced by LPS [14]. Phospholipids in
pulmonary surfactant are secreted from alveolar Type II
cells to an external part of body where oxygen is plenty.
Due to being highly saturated in the hydrocarbon chains,
they may maintain stability against lipid peroxidation
induced by oxygen. Based on some desirable characteris-
tics of surfactant phospholipids described above, KT&
G101, a mixture of chemically stable and metabolically
favorable phospholipids purified from pig lung tissues, is
being developed as a novel topical remedy in order to treat
AD. The clinical trial phase III of KT&G101 is currently in
progress and this study was designed to support the clinical
effectiveness of KT&G101 in the aspects of pharmacology.
In this work, we demonstrate that KT&G101 improves the
symptoms related with DNFB-induced allergic contact
dermatitis in BALB/c mice.

Materials and methods
Chemicals

2,4-Dinitrofluorobenzene (DNFB), dexamethasone (DEXA),
phosphatidylcholine (PC, egg yolk), phosphatidylinositol (PI,
soybean), phosphatidylserine (PS, bovine brain) and dipal-
mitoylphosphatidylcholine (DPPC, synthetic) were pur-
chased from Sigma—Aldrich Chemical Co. (St. Louis, MI,
USA). i-MAX II DNA polymerase was from iNtRON Bio-
technology (Sungnam, Korea). TRIZOL® reagent and
M-MLYV reverse transcriptase were obtained from Invitrogen
(Eugene, OR, USA) and Promega (Madison, WI, USA),
respectively. Mouse IgE ELISA core kit and mouse anti-DNP
IgE ELISA kit were from Koma Biotech (Seoul, Korea) and
Alpha Diagnostic International (San Antonio, TX, USA),
respectively. PCR primers were from COSMO Co. (Seoul,
Korea). All other chemicals used were of reagent grade or
better.

Experimental animals

Five-week-old male BALB/c mice (21 &2 g) were
obtained from Daehan Biolink Co., Eumsung, Korea. The
animal room was maintained at 25 4+ 2°C with a 12-h
light/dark cycle. Food and tap water were supplied
ad libitum. The ethical guidelines, described in the NIH
Guide for Care and Use of Laboratory Animals, were fol-
lowed throughout the experiments. Animal experiments
performed in this work were approved by the Ethical
Committee, Kangwon National University, Chuncheon,
Korea.
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Preparation of KT&G101

Fresh pig lung tissues were obtained from a slaughterhouse
having HACCP (Hazard Analysis Critical Control Point)
criteria in Hongchun, Kangwon-do, Korea. The pig lungs
were kept in an ice-water bath as soon as the tissues were
taken out, and used within 5 h after the slaughter.

Pig lung tissues were diced and homogenized in 3 vol-
umes of ice-cold saline containing 5 mM CaCl, using a
metal-blade blender (Model HM-390, Hanil Electric Co.,
Seoul, Korea) for 1 min, and incubated in an ice-water bath
for 1 h and centrifuged at 5000x g for 45 min at 4°C to get
rid of blood and to collect the precipitate. The precipitate
was re-suspended in 6 volumes of hypotonic 70 mM NaCl
solution containing 5 mM CaCl,, and homogenized again
using a metal-blade blender for 1 min. The homogenate
was incubated in an ice-water bath for 1 h. and centrifuged
at 5000xg for 45 min at 4°C to obtain the precipitate.
Calcium ions were added to induce the aggregation of
surfactant lipids and proteins in the homogenates to facil-
itate their precipitation in low centrifugal force. The final
pellets were dissolved in two volumes of chloroform/
methanol (2:1 by volume) mixture at room temperature.
The aqueous phase and the materials insoluble in the
organic solvent phase were discarded. To eliminate a
portion of neutral lipids from the organic solvent phase, the
chloroform/methanol mixture was thoroughly evaporated
using a rotary vacuum evaporator (Model N-1000S, Tokyo
Rikakakai Co., Tokyo, Japan) at 65°C and an excess
amount of cold acetone was poured into the dried total lipid
mixture. The pool of polar lipids containing phospholipids
was recovered as the precipitate, insoluble in acetone.

The pool of polar lipid mixture, dissolved in pure chlo-
roform, was further purified using an open silica gel column
[Kieselgel 60 (230—400 mesh, Merck No. 7729), diameter/
height (1:2-1:2.5)] pre-washed and saturated with pure
acetone. To get rid of neutral lipids thoroughly from the pool
of polar lipids, non-polar solvents such as acetone and
chloroform were applied into the column first. A polar sol-
vent mixture of chloroform, methanol and water was
employed later to obtain the pure phospholipids. The eluting
solvents were applied into the column in the following order;
one bed volume of pure acetone, one bed volume of pure
chloroform, one-third bed volume of chloroform/methanol
(9:1 by volume) mixture, one-third bed volume of chloro-
form/methanol (4:1 by volume) mixture and 5-6 bed vol-
umes of chloroform/methanol/water (6:8:1 by volume)
mixture. Among the fractions eluted by the chloroform/
methanol/water mixture, the fractions showing the R values
between 0.3 and 0.55 on the thin-layer chromatography
developed by chloroform/methanol/water (65:25:4 by vol-
ume) mixture were collected. The collected fractions were
concentrated using a rotary vacuum evaporator to remove

both solvents and moisture and then freeze-dried for 20 h at
—98°C (FDU-8606, freeze-dryer, Operon Co. Kimpo,
Korea) to generate the white powder of a phospholipid
mixture, named KT&G101. The purity of KT&G101 was
determined by TLC. To identify both phospholipids and
other neutral lipids on a TLC plate, the charring procedure
using 5% (w/v) sulfuric acid in ethanol was employed. 0.2%
(w/v) ninhydrin in ethanol spraying was employed to visu-
alize either peptide or protein spots on a TLC plate in the
sample. To determine the concentration of total phospho-
lipids, a modified Bartlett assay using Fiske and Subbarow
reagent [15] was employed. The HPLC-ELS (Evaporative
Light Scattering) Detector system (Waters 2695 Module
System, USA) was used to quantify the content of DPPC in
total phospholipids.

KT&G101 was suspended in 5 mM citrate buffer, pH
5.8 containing 1.5 mM CaCl,, and used in this work. As a
control, 5 mM citrate buffer, pH 5.8 containing 1.5 mM
CaCl, was used. The experimental samples of KT&G101
were designed to contain 1.5 mM CaCl, which is adopted
from the concentration of Ca®" ions on the surface of lung
[16, 17], and 5 mM citrate buffer, pH 5.8 which is
exploited as a pH buffer and as substances preventing the
aggregation of phospholipids in the presence of Ca®" ions.

Treatment with DNFB and/or tested materials

After the mice were acclimatized to their housing envi-
ronment for 1 week, they were topically applied with
100 pul of 0.15% DNFB in acetone onto the clipped
abdominal skin for initial sensitization. From one week
later, 50 pl of 0.15% DNFB in acetone was topically
applied onto the shaved dorsal skin of sensitized mouse
once per 3 days for 30 days, 10 times in total. Mice in the
control group were treated with acetone only. Fifty
microliters of vehicle, 0.05% dexamethasone, 10 and
20 mg/ml KT&G101 was topically applied onto the
DNFB-painted skin twice a day on the days of the sixth to
tenth DNFB challenge. The experimental method was
referred from the procedure reported by Inagaki et al. [18]
and slightly modified for this experiment.

Measurement of total and specific IgE in serum

Blood samples were collected from the heart under ether
anesthesia 24 h after the tenth application of DNFB, stored
at room temperature for 30 min, and centrifuged at
3000x g for 5 min to separate sera. The concentrations of
total and DNP-specific IgE in sera were quantified using
mouse IgE ELISA core kit (Koma Biotech, Seoul, Korea)
and mouse anti-DNP IgE ELISA kit (Alpha Diagnostic
International, San Antonio, TX, USA) according to the
manufacturers’ protocols, respectively.
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Histopathological analysis

Dorsal skin tissues were taken 24 h after the tenth appli-
cation of DNFB and fixed in 10% formaldehyde solution.
After the routine tissue process, the tissues were embedded
in paraffin and sectioned at 3 pm for hematoxylin and
eosin staining. Degrees of pustule, epidermal hyperplasia,
dermatitis and fibroplasia in the fixed tissues were semi-
quantitatively determined based on histopathological cri-
teria of skins. Epidermal hyperplasia was evaluated as mild
(14; 3-5 layers), moderate (2+; 5-8 layers) and severe
(3+; 8-10 layers) compared to normal (0; 2—4 layers).
Pustule, dermatitis and fibroplasia in dermis were evaluated
as no lesion (0), slight (1+), mild (2+), moderate (3+) and
severe (4+).

Detection of scratching behavior

The scratching behavior was evaluated after topically
applying KT&G101 or dexamethasone on the day of the
tenth application of DNFB. Six mice were separately put
into an acrylic cage (9 x 13 x 16 cm) divided into six
compartments, and their behaviors were then recorded for
1 h using a HANDYCAM video camera (HDR-SR11;
Sony, Tokyo, Japan) under unmanned conditions.
Scratching behaviors by the hind paws were counted for
1 h playing back the videotapes. An average of the
scratching numbers obtained with counting twice was
regarded as a scratching number for each mouse.

RNA isolation and determination of cytokine mRNA
levels

The tissue specimens for cytokine mRNA quantification
were excised 4 h after the last application of DNFB. The
frozen tissues were homogenized in TRIZOL® reagent
(Molecular Research Center, Cincinnati, USA) using tissue
tearor (Model 985-370, Biospec Products, Bartlesville, OK,
USA). The homogenate was mixed with 0.2 ml of chlo-
roform per 1 ml TRIZOL® reagent, and the mixture was
vigorously shaken for 15 min at 4°C, and centrifuged at
12000 x g for 15 min. RNA in the upper aqueous phase was
precipitated by mixing with 0.5 ml isopropanol per 1 ml
TRIZOL® reagent, and the mixture was centrifuged at
12000x g for 8 min after storing at room temperature for
about 5 min. The RNA pellet was washed with 75% eth-
anol, centrifuged at 7500xg for 5 min and dissolved in
RNase-free water. The mRNA levels of IL-2 (forward
primer: 5-GCA GGA TGG AGA ATT ACA GGA-3,
reverse primer: 5-TCA GAG CCC TTT AGT TTT AC-3),
TNF-f (forward primer: 5-AGG GAT GAG AAG TTC
CCA A-3, reverse primer: 5'-GGT ATG AGA TAG CAA
ATC GG-3'), IFN-y (forward primer: 5'-TAC TGC CAC
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GGC ACA GTC ATT GAA-3', reverse primer: 5-GCA
GCG ACT CCT TTT CCG CTT CCT-3'), IL-4 (forward
primer: 5'-ACG GAG ATG GAT GTG CCA AAC GTC-3,
reverse primer: 5'-CGA GTA ATC CAT TTG CAT GAT
GC-3), and B-actin (forward primer: 5-GTG GGC CGC
TAG GCA CCA-3, reverse primer: 5-CGG TTG GCC
TTA GGG TTC AGG GGG G-3') were determined by
RT-PCR.

Statistical analysis

The results were expressed as mean £ SEM. Statistical
comparisons between experimental groups were performed
by unpaired Student’s ¢ test. P values less than 0.05 were
considered to be significant.

Results
Composition of KT&G101

About 4 g KT&G101 could be obtained from 2 kg of pig
lung tissues using the procedure described in “Materials
and methods”. To determine the composition of
KT&G101, it was analyzed by thin-layer chromatography
using chloroform/methanol/water (65:25:4 by volume)
mixture as a developing solvent. As shown in Fig. 1,
KT&G101 was identified to chiefly consist of phosphati-
dylcholine (PC) and phosphatidylserine (PS). However,

_.._.
ey : -3

KT & G101 PC PS PI DPPC
Fig. 1 Composition analysis of KT&G101, a phospholipid mixture
purified from pig lung tissues. KT&G101 was analyzed by thin-layer
chromatography using Merck Silica Gel 60 plate. The lipid spots on
the plate were visualized by spraying 5% sulfuric acid in ethanol and
charring at 190°C for 30 min. The first two lanes indicate KT&G101.
The four phospholipids, such as PC, PS, PI and DPPC, were used as
standard components
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dipalmitoylphosphatidylcholine (DPPC), a major constitu-
ent of pulmonary surfactant, was not efficiently stained by
spraying 5% sulfuric acid in ethanol and heating at 190°C
(Fig. 1, last lane). The inefficient staining of DPPC was
caused by its reluctance to associate with 5% sulfuric acid
in ethanol and subsequently less charred at the high tem-
perature (Fig. 1). Neither cholesterol nor triacylglycerol in
KT&G101 was visualized on the TLC plate with spraying
5% sulfuric acid in ethanol. Any proteins and peptides were
not detected when the TLC plate was stained with 0.2%
ninhydrin spray. The DPPC content in KT&G101 was
determined using an HPLC-ELSD (Evaporative Light
Scattering Detector) system. Capcell Pak C18 (4.6 mm X
250 mm, Shiseido Co., Tokyo, Japan) column was
employed to analyze phospholipids at 50°C and the
detection was carried out at 65°C in 350 kPa. The HPLC
analysis showed that KT&G101 contained 34.2% DPPC on
a weight basis. Taken together, the major components of
KT&G101 are PC and PS, and its predominating specific
phospholipid is DPPC.
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Fig. 2 Effect of KT&G101 on the total (a) and specific (b) serum IgE
levels in BALB/c mice treated with DNFB. Total and DNP-specific
IgE were determined in the mouse serum by ELISA. Each column
shows the mean £ SEM of 7 mice in each group. *P < 0.05;
*#*P < 0.01; ***P < 0.001, compared with the corresponding group

Total and specific IgE levels in serum

DNEFB, dissolved in acetone, was topically applied onto the
shaved dorsal skins of sensitized mice in order to induce
contact allergic dermatitis. Effects of KT&G101 on total and
DNP-specific IgE levels were examined in the sera of mice
with DNFB-induced contact allergic dermatitis, as shown in
Fig. 2. The mice treated with DNFB showed 3.2-fold
enhanced serum total IgE levels (Fig. 2a). Topical application
of KT&G101 at the concentrations of 10 and 20 mg/ml
decreased serum total IgE levels to approximately 70.0 and
60.6%, respectively, compared to that of DNFB only (Fig. 2a).
However, its effect at 10 mg/ml appeared to be statistically
non-significant. Dexamethasone (DEXA) was unable to
diminish serum total IgE level of DNFB only group (Fig. 2a).

Application of DNFB only enhanced serum DNP-spe-
cific IgE level 3.2-fold (Fig. 2b), which is similar to an
increase in serum total IgE level. Application of KT&G101
at the concentrations of 10 and 20 mg/ml significantly
diminished serum DNP-specific IgE level elevated by
DNFB only (Fig. 2b). The diminution by KT&G101 in the
specific IgE level was much higher than that in the total
IgE level. Dexamethasone also reduced the DNP-specific
IgE level elevated by the treatment with DNFB (Fig. 2b).
Taken together, topical application of KT&G101 reduces
serum total and specific IgE levels elevated in the mouse
with DNFB-induced contact allergic dermatitis.

Histopathological changes

In the control group treated with acetone only, the mice
preserved normal morphology of skin tissues. Painting with
DNFB markedly gave rise to skin lesions, characterized by
wound healing processes such as pustule formation
(Fig. 3a), epidermal hyperplasia (Fig. 3b), dermatitis
(Fig. 3c) and fibroplasias (Fig. 3d). The notable effects of
KT&G101 at the concentrations of 10 and 20 mg/ml were
found in the recovering of epidermis and reduced derma-
titis; the recovering of epidermis indicated 91.6 and 96.1%
to completion, respectively (Fig. 3e), and dermatitis,
mainly composed of neutrophils and macrophages, was
markedly alleviated compared with that of DNFB and
dexamethasone (Fig. 3c¢). Pustule formation was margin-
ally removed in both KT&G101 treatment groups (Fig. 3a).
No favorable effects of KT&G101 were found in epidermal
hyperplasia compared with dexamethasone (Fig. 3b). The
values of epidermal hyperplasia and fibroplasia in the
dexamethasone treatment group appeared to be relatively
low, but these results were most likely associated with the
retarded skin recovery in the group, as shown in the low
degree of the recovering of epidermis (Fig. 3e). The
exemplified histopathological changes of mouse skin
lesions of each experimental group were shown in Fig. 4.
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Fig. 3 Effect of KT&G101 on histopathological changes in mouse
skin lesions caused by repeated application of DNFB. The skin
samples were taken out 24 h after the tenth application of DNFB.
Pustule (a), epidermal hyperplasia (b), dermatitis (c), fibroplasia

Scratching behavior

The frequencies of scratching behaviors of mouse cor-
responded with the severity of the skin lesions caused by
the repeated application of DNFB (Fig. 5). KT&G101 at
a dosage of 20 mg/ml was able to reduce the DNFB-
induced scratching behavior, while that at a dose of
10 mg/ml also reduced the DNFB-induced scratching
behavior but statistically non-significantly (Fig. 5). Its
suppressive effect at 20 mg/ml on the scratching
behaviors of mice was similar with that of dexametha-
sone (Fig. 5). In brief, KT&G101 possesses anti-scratch
property in the animal models of contact allergic
dermatitis.
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Cytokine mRNA

In order to evaluate changes in the levels of some cytokine
mRNAs in the skin tissues with the lesions by contact
allergic dermatitis, three Thl cytokines, such as IL-2,
IFN-y and TNF-f, and one Th2 cytokine, IL-4, were
chosen to be examined. RT-PCR synthetic primers for
them were described in “Materials and methods”. The four
cytokine mRNA levels increased significantly in the skin
lesions of contact allergic dermatitis triggered by repeated
application of DNFB (Fig. 6, second columns). KT&G101
at both 10 and 20 mg/ml dosages, respectively, reduced the
mRNA levels of IL-2 elevated in the skin lesions of
DNFB-induced contact allergic dermatitis (Fig. 6a). Its
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Fig. 4 Representative
histopathology of mouse skin
lesions in the experimental
groups. a Control group;

b DNFB group;

¢ dexamethasone group;

d KT&G101 (20 mg/kg) group.
Note the recovered epidermis
(E) with pustule (arrows) and
epidermal hyperplasia. Compare
the epidermis thickness (E) of
Fig. 4b and d with that of the
normal skin (Fig. 4a). For
pustule formation and epidermal
hyperplasia, Fig. 4b was graded
as 2+ for both, and Fig. 4d was
regarded, respectively, as 3+
and 2+. For fibroplasia, both
Fig. 4b and d were graded as
2+. The recovery of skin injury
was poor in the dexamethasone
group (Fig. 4¢). Lines in

Fig. 4a and c indicate the dermis
layer. H&E stain. Magnification
= x 100 for all figures
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Fig. 5 Effect of KT&G101 on the DNFB-induced scratching behav-
ior in BALB/c mice. Each mouse was separately videotaped 1 h after
the tenth application of DNFB. Scratching with hind paws was twice
counted for 1 h viewing individually videotaped mouse and the two
counting numbers were averaged. Each column shows the mean +
SEM of 6 mice in each group. *P < 0.05; ***P < 0.001, compared
with the corresponding group

suppressive effect was bigger than that of dexamethasone
(Fig. 6a, third column). KT&G101 decreased the mRNA
level of TNF-f elevated by DNFB in the damaged skin
tissues (Fig. 6b). The suppressive effect of KT&G101 was
bigger than that of dexamethasone, and the mRNA levels
of TNF-f in the group treated with KT&G101 was similar
to or lower than that in the control group (Fig. 6b). As
shown in Fig. 6¢, KT&G101 at the two dosages brought

down the mRNA levels of IFN-y almost to that in the
control group. However, dexamethasone was unable to
reduce the mRNA level of IFN-y elevated by repeated
application of DNFB (Fig. 6¢). The similar suppressive
effect of KT&G101 was observed in the mRNA level of
IL-4 in the skin lesions artificially triggered by contact
allergic dermatitis (Fig. 6d). Dexamethasone also reduced
the IL-4 mRNA level elevated by DNFB (Fig. 6d). How-
ever, its reducing effect on the IL-4 mRNA level was lower
than that of KT&G101. Taken together, KT&G101 enables
to suppress the mRNA levels of the Thl and Th2 cyto-
kines, tested in this work, in the skin tissues with the
lesions triggered by contact allergic dermatitis in BALB/c
mice.

Discussion

Atopic dermatitis (AD), usually being the initial manifes-
tation of atopic systemic diseases, is a chronic and
relapsing skin disorder with allergic inflammation, and its
occurrence involves a complex interplay between genetic
and environmental factors. It is frequently associated with
elevated IgE antibodies against many kinds of allergens.
AD is sub-classified into extrinsic and intrinsic types
according to the presence or absence of allergen-specific
IgE antibodies. The extrinsic type of AD is particularly
characterized by IgE-mediated sensitization mechanisms,
while the intrinsic AD is associated with decreased IL-4
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Fig. 6 Effect of KT&G101 on A
cytokine mRNA expression in
the mouse skin repeatedly
treated with DNFB.
Thl-specific (IL-2, a; TNF-f,
b; IFN-y, ¢) and Th2-specific
(IL-4, d) cytokine mRNA levels
were determined in the skin
lesions using semi-quantitative
reverse transcriptase-
polymerase chain reaction
(RT-PCR) analysis. Each
cytokine mRNA level was
represented as a relative ratio
compared to fi-actin mRNA
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and IL-13 production but not with IgE-mediated mecha-
nisms [19]. Although topical corticosteroids are frequently
used to alleviate the symptoms of AD and to reduce skin
inflammation, they aggravated or did not influence the
scratching behavior in some animal allergic models [18,
20]. Terreic acid, an inhibitor of Tec family kinases crucial
to immune cell activation, was able to suppress the skin
lesions induced by repetitive epicutaneous applications of a
house dust mite allergen and Staphylococcal enterodoxin B
[21]. Oral administration of heat-killed Lactobacillus bre-
vis inhibited IgE production and ear swelling, and sup-
pressed the development of dermatitis in the NC/Nga AD
mouse model [22]. Oral administration of Astragalus
membranaceus, an herbal medicine used to treat allergic
disease, suppressed AD-like skin lesions in NC/Nga mice
treated with 2,4-dinitrofluorobenzene (DNFB) under spe-
cific pathogen free (SPF) conditions by reducing IFN-y
production [23]. Oral administration of dihomo-y-linolenic
acid, an essential fatty acid, prevented development of AD-
like skin lesions, including the reduction of the occurrences
of the scratching behavior, the reduction of the plasma total
IgE level and histopathological lesions, in the animal AD
model, suggesting that dihomo-y-linolenic acid in phos-
pholipids is a key component in the development and
prevention of AD [24]. Recently, it has been reported that
DNA vaccine against macrophage migration inhibitory
factor, a proinflammatory cytokine implicated in the
pathogenesis of AD, not only prevents the development of
AD but also improves the symptoms of pre-existing AD
[25]. Gastrin-releasing peptide receptor (GRPR) mediates
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the itch sensation in the dorsal horn of the spinal cord, and
thus may provide a new target for antipruritic drug devel-
opment [26].

In the present work, we employed a mouse allergic
contact dermatitis model [18] accompanied by frequent
scratching behaviors using a contact sensitizer, DNFB, to
evaluate the pharmacological efficacies of KT&G101
which is being developed as an effective remedy for the
treatment of atopic dermatitis (AD). The repeated appli-
cation of DNFB expectedly gave rise to an increase in the
total and specific IgE levels in the serum, enhanced
scratching behaviors and elevated the levels of IL-2, TNF-
f, IEN-y and IL-4, respectively, in the damaged skin tis-
sues. It also brought about histopathological changes, such
as pustule formation, epidermal hyperplasia, dermatitis and
fibroplasia, in the skin tissues with the lesions. There
appeared to be no significant differences in the effects
between the lower dose (10 mg/ml) and the high dose
group (20 mg/ml) in the histopathological examination,
implying that the effects reached the peak at 10 mg/ml.
This reasoning might be supported by the facts that sup-
pressive effects of KT&G101 at 20 mg/ml are lower than
those at 10 mg/ml, in cases of pustule formation (Fig. 6a),
epidermal hyperplasia (Fig. 6b), dermatitis (Fig. 6¢) and
fibroplasias (Fig. 6d). Although KT&G101 at 20 mg/ml
would produce unexpected side effects in some characters
of the skin tissues, the precise understanding remains elu-
sive. Further study is warranted to elucidate the dose—
response relationship of KT&G101. KT&G101 remarkably
reduced the total and specific serum IgE levels, which were
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elevated by the repeated application of DNFB, and relieved
the histopathological changes in the skin tissues with the
lesions caused by DNFB. First of all, the ability of
KT&G101 to reduce the serum IgE levels in DNFB-
induced dermatitis animal models strongly proves its
plausible candidate as a novel remedy to treat AD, since
the elevated level of IgE could be one of the determinate
factors in the episode and development of AD. The poly-
clonal mouse IgE molecules in sera from mice with AD-
like allergic skin inflammation and human polyclonal IgE
molecules present in sera from AD patients enhanced the
survival and production of cytokine in mast cell cultures,
implying that polyclonal IgE in AD might modulate the
numbers and function of mast cell [27]. In addition, the
level of total serum IgE has been proposed to be regarded
as a useful parameter between extrinsic AD and intrinsic
AD [28].

Itching, one of the most important symptoms of allergic
skin diseases, such as AD, leads to a desire to scratch.
Scratching behavior, the first sign of skin changes and the
most important symptom in AD, provokes the destruction
of skin barriers, resulting in worsening of the skin lesions
and more itching [29]. Hence, the control of itching and
scratching becomes a crucial strategy for the treatment of
AD. KT&G101 was able to reduce the scratching behavior
in the skin lesions caused by the repeated application of
DNFB. It might attenuate the aggravation of AD as a result
of frequent scratching behavior. In a recent report, fer-
mented barley extract, prepared from barley shochu (a
Japanese spirit produced from rice, barley, sweet potato,
and so on) residue, was shown to inhibit the development
of AD-like skin lesions and also suppress the scratching
behavior in NC/Nga mice probably by inhibiting the
cytokine production involved in chronic inflammation
[30].

KT&G101 significantly diminished the levels of Thl
cytokines, such as IL-2, TNF-f and IFN-y, in the AD-like
skin lesions of mice. It also diminished the mRNA level of
IL-4, a Th2 cytokine, in the skin lesions. According to the
previous report [31], the production of total IgE and the
expression of IFN-y in the DNFB-induced skin lesion were
significantly suppressed by IL-4 gene deletion in BALB/c
mice, suggesting that IL-4 plays an important role in the
onset of DNFB-induced hypersensitivity in BALB/c mice.
However, Uncariae rhynchophylla, an herb which has
blood pressure lowering and anti-inflammatory effects,
suppresses the development of AD-like dermatitis in
DNFB-treated NC/Nga mice by reducing the production of
IFN-y [32]. The number of cells expressing Th2 cytokines,
such as IL-4 and IL-5, significantly increased in acute
lesions of AD, whereas delayed-type allergic reaction and
Thl immune response are involved in pathogenesis of AD
[33]. The expression of IFN-y, a Thl cytokine,

predominates in chronic skin lesions of some patients with
AD [34]. It is expected that KT&G101 play a curing role in
both intrinsic AD and extrinsic AD.

DPPC, a principal PC enriched in KT&G101, may play
a key role in KT&G101’s improving effects against DNFB-
induced AD-like lesions in BALB/c mice. Lungs of ani-
mals including humans contain a peculiar phospholipid,
DPPC. The proportion of DPPC accounts for 40% of the
total lipids in the lung tissue, which is significantly higher
than those in any other tissues. DPPC is well known to
have a key role in lowering the surface tension by forming
monolayer at the air-liquid interface on the surface of
alveoli [35]. The application of DPPC on the atopic skin
lesions may have several beneficial effects. DPPC, due to
its saturated fatty acid tails, is more stable than the lipids
having unsaturated fatty acid tails against lipid peroxida-
tion which is triggered by exposing unsaturated fatty acids
on the surface of skin to oxygen molecules. Phospholipids
containing DPPC may form lipid films on the surface of
the affected skin and obstruct the interaction of DNFB with
the target cells. It is deemed that KT&G101’s masking the
interactions between the hapten and the target cells would
be one of the mechanisms for KT&G101 to alleviate the
symptoms of contact dermatitis including AD. DPPC may
form a protective layer seen on the surface of the alveoli
because of its peculiar molecular properties. It has
amphiphilic properties so that it can mix with water and
keep more water in the skin than neutral lipids. Accord-
ingly, the saturated phospholipids isolated from lung may
keep moisture in the epidermis and play a protective role
on the surface of the skin. It is also expected to fill the
intercellular spaces in the skin and mask non-specific
immune reactions especially on the skin affected by atopic
diseases. On the basis of the current findings, it is con-
sidered that some phospholipids applied to dorsal backs of
mice may form protective layers on the surface of skin and
mask the contact of DNFB to the cells which initiate
immune responses and block a series of the cascade of
immune reactions. It is also thought that a portion of
phospholipids were utilized by both subepidermal and
epidermal cells as building blocks, which subsequently
facilitates the recovery of the skin affected by dermatitis.
The results, obtained in this work, imply that KT&G101
improving the signs and symptoms of dermatitis may have
a different mechanism to alleviate the symptoms of der-
matitis compared to dexamethasone. DPPC, as a phospho-
lipid non-toxic to skin, may be utilized as a source of
palmitoyl-CoA by the epithelial cells which is a starting
building block for the synthetic pathway of ceramide, a
crucial lipid in the skin barrier.

In conclusion, KT&G101 improves unfavorable symp-
toms and parameters, such as serum IgE level, scratching
behavior, and enhanced inflammatory cytokine expression
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in the mouse model with allergic contact dermatitis. It also
lessened undesirable histopathological changes brought
about by the skin lesions in the model animals. These
results assure that KT&G101 is considered to be a com-
pelling and novel candidate remedy for the treatment of
AD.

Acknowledgments

The authors are deeply grateful to Mr. Seung-

Hyun Song and Ms. Hyun-Jung Kang for their technical assistance.

References

12.

13.

14.

. Ishimoto T, Takei Y, Yuzawa Y, Hanai K, Nagahara S, Tarumi Y,

Matsuo S, Kadomatsu K (2008) Downregulation of monocyte che-
moattractant protein-1 involving short interfering RNA attenuates
hapten-induced contact hypersensitivity. Mol Ther 16:387-395

. Girolomoni G, Gisondi P, Ottaviani C, Cavani A (2004) Immu-

noregulation of allergic contact dermatitis. J Dermatol 31:
264-270

. Sebastiani S, Albanesi C, De PO, Puddu P, Cavani A, Girolomoni

G (2002) The role of chemokines in allergic contact dermatitis.
Arch Dermatol Res 293:552-559

. Smith Pease CK, Basketter DA, Patlewicz GY (2003) Contact

allergy: the role of skin chemistry and metabolism. Clin Exp
Dermatol 28:177-183

. Ausaneya U, Kawada A, Aragane Y (2006) Itraconazole sup-

presses an elicitation phase of a contact hypersensitivity reaction.
J Invest Dermatol 126:1028-1035

. Man MQ, Hatano Y, Lee SH, Man M, Chang S, Feingold KR,

Leung DY, Holleran W, Uchida Y, Elias PM (2008) Character-
ization of a hapten-induced, murine model with multiple features
of atopic dermatitis: structural, immunologic, and biochemical
changes following single versus multiple oxazolone challenges.
J Invest Dermatol 128:79-86

. Jin H, He R, Oyoshi M, Geha PS (2009) Animal models of atopic

dermatitis. J Invest Dermatol 129:31-40

. Shaheen MA, Mahmoud MA, Abdel Aziz MM, El Morsy HI,

Abdel Khalik KA (2009) Sputum dipalmitoylphosphatidylcholine
level as a novel airway inflammatory marker in asthmatic chil-
dren. Clin Respir J 3:95-101

. Abate W, Alghaithy AA, Parton J, Jones KP, Jackson SK (2010)

Surfactant lipids regulate LPS-induced interleukin-8 production
in A549 lung epithelial cells by inhibiting translocation of TLR4
into lipid raft domains. J Lipid Res 51:334-344

. Hartmann P, Szabd A, Eros G, Gurabi D, Horvath G, Németh I,

Ghyczy M, Boros M (2009) Anti-inflammatory effects of phos-
phatidylcholine in neutrophil leukocyte-dependent acute arthritis
in rats. Eur J Pharmacol 622:58-64

. Eros G, Ibrahim S, Siebert N, Boros M, Vollmar B (2009) Oral

phosphatidylcholine pretreatment alleviates the signs of experi-
mental rheumatoid arthritis. Arthritis Res Ther 11:R43

Treede I, Bruan A, Jeliaskova P, Giese T, Fiillekrug J, Griffiths G,
Stremmel W, Ehehalt R (2009) TNF-alpha-induced up-regulation
of pro-inflammatory cytokines is reduced by phosphatidylcholine
in intestinal epithelial cells. BMC Gastroenterol 9:53

Ramos GC, Fernandes D, Chardo CT, Souza DG, Teixeira MM,
Assreuy J (2007) Apoptotic mimicry: phosphatidylserine lipo-
somes reduce inflammation through activation of peroxisome
proliferator-activated receptors (PPARs) in vivo. Br J Pharmacol
151:844-850

De SR, Ajmone-Cat MA, Nicolini A, Minghetti L (2002)
Expression of phosphatidylserine receptor and down-regulation

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

of pro-inflammatory molecule production by its natural ligand
in rat microglial cultures. J Neuropathol Exp Neurol 61:237-
244

Miller KJ (1985) Effects of temperature and sodium chloride
concentration on the phospholipid and fatty acid compositions of
a halotolerant Planococcus sp. J Bacteriol 162:263-270

Nielson DW (1986) Electrolyte composition of pulmonary alve-
olar sub-phase in anesthetized rabbits. J Appl Physiol 60:972-979
Nielson DW, Lewis MB (1988) Calcium increases in pulmonary
alveolar fluid in lambs at birth. Pediatr Res 24:322-325

Inagaki N, Shiraishi N, Igeta K, Itoh T, Chikumoto T, Nagao M,
Kim JF, Nagai H (2006) Inhibition of scratching behavior asso-
ciated with allergic dermatitis in mice by tacrolimus, but not by
dexamethasone. Eur J Pharmacol 546:189-196

Avgerinou G, Goules AV, Stavropoulos PG, Katsambas AD
(2008) Atopic dermatitis: new immunologic aspects. Int J Der-
matol 47:219-224

Bae SJ, Lee JB, Takenaka M, Tanaka Y, Shimizu K, Katayama I
(2004) Topical glucocorticoid augments scratching behavior in
dinitrofluorobenzene-sensitized mice by the induction of sub-
stance P. Exp Dermatol 13:780-785

Kawakami Y, Yumoto K, Kawakami T (2007) An improved
mouse model of atopic dermatitis and suppression of skin lesions
by an inhibitor of Tec family kinases. Allergol Int 56:403-409
Segawa S, Hayashi A, Nakakita Y, Kaneda H, Watari J, Yasui H
(2008) Oral administration of heat-killed Lactobacillus brevis
SBC8803 ameliorates the development of dermatitis and inhibits
immunoglobulin E production in atopic dermatitis model NC/Nga
mice. Biol Pharm Bull 31:884-889

Lee SJ, Oh SG, Seo SW, Ahn HJ, Geum D, Cho JJ, Park CS
(2007) Oral administration of Astragalus membranaceus inhibits
the development of DNFB-induced dermatitis in NC/Nga mice.
Biol Pharm Bull 563:1468-1471

Kawashima H, Tateishi N, Shiraishi A, Teraoka N, Tanaka T,
Tanaka A, Matsuda H, Kiso Y (2008) Oral administration of
dihomo-y-linolenic acid prevents development of atopic derma-
titis in NC/Nga mice. Lipids 43:37-43

Hamasaka A, Abe R, Koyama Y, Yoshioka N, Fujita Y, Hoshina
D, Sasaki M, Hirasawa T, Onodera S, Ohshima S, Leng L, Bucala
R, Nishihira J, Shimizu T, Shimizu H (2009) DNA vaccination
against macrophage migration inhibitory factor improves atopic
dermatitis in murine models. J Allergy Clin Immunol 124:90-99
Sun YG, Chen ZF (2007) A gastrin-releasing peptide receptor
mediates the itch sensation in the spinal cord. Nature 448:
700-703

Kashiwakura J, Kawakami Y, Yuki K, Zajonc DM, Hasegawa S,
Tomimori Y, Caplan B, Saito H, Furue M, Oettgen HC, Okayama
Y, Kawakami T (2009) Polyclonal IgE induces mast cell survival
and cytokine production. Allergol Int 58:411-419

Ott H, Stanzel S, Ocklenburg C, Merk HF, Baron JM, Lehmann S
(2009) Total serum IgE as a parameter to differentiate between
intrinsic and extrinsic atopic dermatitis in children. Acta Derm
Venereol 89:257-261

Inagaki N, Nagao M, Nakamura N, Kawasaki H, Igeta K,
Musoh K, Nagai H (2000) Evaluation of anti-scratch properties
of oxatomide and epinastine in mice. Eur J Pharmacol
400:73-79

Iguchi T, Kawata A, Watanabe T, Mazumder TK, Tanabe S
(2009) Fermented barley extract suppresses the development of
atopic dermatitis-like skin lesions in NC/Nga mice, probably by
inhibiting inflammatory cytokines. Biosci Biotechnol Biochem
73:489-493

Nagai H, Ueda Y, Ochi T, Hirano Y, Tanaka H, Inagaki N,
Kawada K (2000) Different role of IL-4 in the onset of hapten-
induced contact hypersensitivity in BALB/c and C57BL/6 mice.
Br J Pharmacol 129:299-306



Mol Biol Rep

32. Kim DY, Jung JA, Kim TH, Seo SW, Jung SK, Park CS (2009)

33.

Oral administration of Uncariae rhynchophylla inhibits the
development of DNFB-induced atopic dermatitis skin lesions via
IFN-y down-regulation in NC/Nga mice. J Ethnopharmacol
122:567-572

Yamada N, Wakugawa M, Kuwata S, Yoshida T, Nakagawa H
(1995) Chronologic analysis of in situ cytokine expression in mite
allergen-induced dermatitis in atopic subjects. J Allergy Clin
Immunol 96:1069-1075

34. Werfel T, Morita A, Grewe M, Renz H, Wahn U, Krutmann J,

Kapp A (1996) Allergen specificity of skin-infiltrating T cells is
not restricted to a type-2 cytokine pattern in chronic skin lesions
of atopic dermatitis. J Invest Dermatol 107:871-876

. Veldhuizen R, Nag K, Orgeig S, Possmayer F (1998) The role of

lipids in pulmonary surfactant. Biochim Biophys Acta 1408:
90-108

@ Springer



	Topical application of a phospholipid mixture purified from pig lungs ameliorates 2,4-dinitrofluorobenzene-induced allergic contact dermatitis in BALB/c mice
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Experimental animals
	Preparation of KT&G101
	Treatment with DNFB and/or tested materials
	Measurement of total and specific IgE in serum
	Histopathological analysis
	Detection of scratching behavior
	RNA isolation and determination of cytokine mRNA levels
	Statistical analysis

	Results
	Composition of KT&G101
	Total and specific IgE levels in serum
	Histopathological changes
	Scratching behavior
	Cytokine mRNA

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


