Bioscience, Biotechnology, and Biochemistry

ISSN: 0916-8451 (Print) 1347-6947 (Online) Journal homepage: http://www.tandfonline.com/loi/tbbb20

Taylor & Francis

Taylor & Francis Group

Diosgenin effectively suppresses skin
inflammation induced by phthalic anhydride in
IL-4/Luc/CNS-1 transgenic mice

Ji Eun Kim, Jun Go, Eun Kyoung Koh, Sung Hwa Song, Ji Eun Sung, Hyun Ah
Lee, Dong Seob Kim, Hong Joo Son, Hee Seob Lee, Chung Yeoul Lee, Jin Tae
Hong & Dae Youn Hwang

To cite this article: Ji Eun Kim, Jun Go, Eun Kyoung Koh, Sung Hwa Song, Ji Eun Sung, Hyun Ah
Lee, Dong Seob Kim, Hong Joo Son, Hee Seob Lee, Chung Yeoul Lee, Jin Tae Hong & Dae Youn
Hwang (2016) Diosgenin effectively suppresses skin inflammation induced by phthalic anhydride in

IL-4/Luc/CNS-1 transgenic mice, Bioscience, Biotechnology, and Biochemistry, 80:5, 891-901, DOI:

10.1080/09168451.2015.1135040
To link to this article: https://doi.org/10.1080/09168451.2015.1135040

@ Published online: 21 Mar 2016. Submit your article to this journal (&
. . A
il Article views: 137 h View related articles &'
@ View Crossmark data &' @ Citing articles: 1 View citing articles (&

CrossMark

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=tbbb20


http://www.tandfonline.com/action/journalInformation?journalCode=tbbb20
http://www.tandfonline.com/loi/tbbb20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/09168451.2015.1135040
https://doi.org/10.1080/09168451.2015.1135040
http://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/09168451.2015.1135040
http://www.tandfonline.com/doi/mlt/10.1080/09168451.2015.1135040
http://crossmark.crossref.org/dialog/?doi=10.1080/09168451.2015.1135040&domain=pdf&date_stamp=2016-03-21
http://crossmark.crossref.org/dialog/?doi=10.1080/09168451.2015.1135040&domain=pdf&date_stamp=2016-03-21
http://www.tandfonline.com/doi/citedby/10.1080/09168451.2015.1135040#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/09168451.2015.1135040#tabModule

Bioscience, Biotechnology, and Biochemistry, 2016
Vol. 80, No. 5, 891-901

J13A

Diosgenin effectively suppresses skin inflammation induced by phthalic
anhydride in IL-4/Luc/CNS-1 transgenic mice

Ji Eun Kim', Jun Go', Eun Kyoung Koh', Sung Hwa Song', Ji Eun Sung', Hyun Ah Lee',
Dong Seob Kim', Hong Joo Son', Hee Seob Lee®, Chung Yeoul Lee’, Jin Tae Hong”* and

Dae Youn Hwang'*

!College of Natural Resources & Life Science/Life and Industry Convergence Research Institute, Pusan National
University, Miryang, Korea; ZCOZlege of Human Ecology, Pusan National University, Busan, Korea, j’Gangrim
Organics, Miryang, Korea; *College of Pharmacy, Chungbuk National University, Chungju, Korea

Received October 13, 2015; accepted December 9, 2015
http://dx.doi.org/10.1080/09168451.2015.1135040

To quantitatively evaluate the therapeutic effects
of diosgenin (DG) and investigate the role of IL-4
on skin inflammation, alterations in luciferase-
derived signal and general phenotype biomarkers
were measured in IL-4/Luc/CNS-1 transgenic mice
with phthalic anhydride (PA)-induced skin inflam-
mation after treatment with DG for 4 weeks. High
levels of luciferase-derived signal detected in the
abdominal region and submandibular lymph node
(SL) of the PA treated group was significantly
decreased by 67-88% in the PA + DG cotreated
group. Furthermore, the weight of the lymph node
and spleen, IgE concentration, epidermis thickness,
and number of infiltrated mast cells were lower in
the PA + DG treated group than the PA + Vehicle
treated group. Moreover, expression of IL-6 and
vascular endothelial growth factor (VEGF) also
decreased in the PA + DG cotreated group. These
results suggest that PA-induced skin inflammation
could be successfully suppressed by DG treatment
in IL-4/Luc/CNS-1 Tg mice through attenuation of
IL-4 and IL-6 expression, as well as decreased IgE
concentration and mast cells infiltration.

Key words: diosgenin; skin inflammation; IL-4/Luc/
CNS-1 transgenic mice; phthalic anhy-
dride; IgE

DG (3B-hydroxy-5-spirostene), a steroid saponin, is
found in various plants including the seeds of fenu-
greek (Trigonella foenum graceum Linn) and the roots
of wild yams (Dioscorea villosa Linn), Costus specio-
sus, and Smilax menispermoidea."® This compound is
a well-known precursor of several synthetic steroidal
drugs that are widely applied in various pharmaceutical
industries.”> DG has been shown to play important
pharmacological roles in various diseases including
diabetes, cancer, inflammation, hypercholesterolemia,

gastrointestinal ailments, and oxidative stress.? Addi-
tionally, many studies have reported that DG plays an
important role as an antitumor drug. DG treatment
effectively prevented proliferation of breast cancer
induced by N-Methyl-N-nitrosurea (NMU) treatment by
enhancing the antioxidant defense system.” DG also
inhibited the formation of colonic aberrant crypt foci
and putative precancerous lesions of the colon in an
rodent colon cancer model induced with azoxymethane
(AOM).? In addition, DG was found to have anti-viral
effects in hepatitis C virus infected mammalian cells. A
significant reduction in the level of viral RNA and pro-
tein, as well as phosphorylation of activator and signal
transducer of transcription 3 was observed in DG-trea-
ted Ava5 cells and Huh7-derived cell lines.” Further-
more, DG was found to exert a therapeutic effect in
several lipid metabolism-related diseases, including
hyperglycemia, hypercholesterolemia, and hypertriacyl-
glycerolemia.® '

Interestingly, DG has been reported to exert anti-in-
flammatory activity in macrophages and several allergic
models. Although lipopolysaccharide (LPS)/interferon y
(IFN-y)-activated murine macrophages showed inhibited
NO production, iNOS expression, ROS production, and
IL-1/6 expression following pretreatment with DG,”
there are similar reports regarding its effects on ovalbu-
min (OVA) sensitization in BALB/c mice. A previous
study provided evidence that the administration of DG
increased serum IgG2 levels and the amount of IFN-y
secreted from splenocytes, whereas the level of serum
IgE and IgM and IL-4 expression in the lungs and
splenocytes were unaltered.'”  Subsequent studies
revealed that DG had different effects on the anti-inflam-
matory activity of OVA-sensitized BALB/c mice. For
example, DG treatment markedly attenuated crypt depth,
OVA-specific IgE production, and infiltration of mast
cells in the duodenal tissue, while the OVA-specific
IgG2 level and IL-4 expression increased.'>'®) Espe-
cially, some differences in the IL-4 expression, an
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important hallmark of acute allergic skin disease, were
observed in different tissues or organs of OVA sensitized
mice.'? Therefore, further study was needed to clarify
these discrepancies on the systemic role of IL-4 during
anti-inflammatory activity of DG because above studies
did not provide the correlation between IL-4 and admin-
istration of DG. Also, the therapeutic effect of DG was
not investigated in the skin inflammation induced by PA
treatment.

In this study, we investigated the suppressive effects
of long-term DG treatment on PA-induced skin inflam-
mation using IL-4/Luc/CNS-1 Tg mice with luciferase
cDNA regulated by human IL-4 promoter and enhancer
of IL-4 (CNS-1). The results verified the correlation of
IL-4 with suppression of DG in skin inflammation
induced by repeated dermal exposure to PA. Specifi-
cally, measurement of the luciferase signal and pheno-
types revealed that DG effectively attenuated skin
inflammation induced by PA treatment in IL-4/Luc/
CNS-1 Tg mice.

Materials and methods

Care and use of animals.  Eight-week-old IL-4/
Luc/CNS-1 Tg mice were kindly provided by the
Department of Laboratory Animals Resources at the
National Institute of Food and Drug Safety Evaluation
(Osong, Korea), and HR1 mice of the same age were
purchased from Central Lab Animal Inc. (Seoul,
Korea). All mice were provided with ad libitum access
to standard irradiated chow diet (Samtako) and auto-
claved water throughout the four-week experiment. The
diet for mice was composed of crude protein (25.43%),
crude fat (6.06%), crude fiber (3.9%), crude ash
(5.31%), calcium (1.14%), and phosphorus (0.99%), as
well as moisture (12.5%). This diet also contained corn
(546 g/kg), vegetable protein (316 g/kg), animal fat and
oil (36 g/kg), fish meal (34 g/kg), beet pulp (30 g/kg),
calcium/phosphate  supplement (13 g/kg), limestone
(10 g/kg), salt (5 g/kg), lysine (2 g/kg), choline bitar-
trate (2 g/kg), 7.17% methionine solution (2 g/kg), min-
eral mix (2 g/kg), and vitamin mix (2 g/kg). During the
four-week experimental period, mice were maintained
in a specific pathogen-free state under a strict light
cycle (lights on at 08:00 h and off at 20:00 h) at 23 °C
+2°C and 50% + 10% relative humidity. The mice
were housed in the Pusan National University-Labora-
tory Animal Resources Center accredited by the Korea
Food and Drug Administration in accordance with the
Laboratory Animal Act (Accredited Unit Number-
000231) and AAALAC International according to the
National Institutes of Health guidelines (Accredited
Unit Number; 001525).

Experimental design using /L-4/Luc/CNS-1 Tg mice.
IL-4/Luc/CNS-1 used this study were firstly developed
to evaluate three types of allergens including a respira-
tory sensitizer, vaccine additives, and crude extracts of
natural allergens in vivo because IL-4 signaling path-
way has been identified as a potentially important path-
way in the development of allergies.'> This mouse has
been considered as an animal model for the evaluation
and prediction of the human body response to a variety

of allergens originating from the environment as well
as the therapeutic effect of anti-allergic substance.
Furthermore, this model can be applied to investigate
the role of IL-4 during various anti-inflammatory
conditions.

The protocols for the animal experiment were care-
fully reviewed for ethical and scientific care procedures
and approved by the Pusan National University-Institu-
tional Animal Care and Use Committee (PNU-IACUC;
Approval Number PNU-2014-0574).

IL-4/Luc/CNS-1 Tg mice (eight-week-old, n =20)
were randomly divided into one of two groups. In the
first group (AOO, n=15), 100 pl of acetone-olive oil
(AOO) was spread on the dorsum of the ears three
times a week for four weeks as a control. In the second
group (PA, n=15), 100 ul of 15% PA solution in vehi-
cle (4:1 acetone: olive oil, v/v: AOO) was repeatedly
spread on the dorsum of the ears three times a week
for four weeks. The second group was further divided
into three treatment groups, PA + Vehicle, PA + DG2S5,
and PA + DG50, which received PA in combination
with a comparable volume of water, 25 mg/kg DG
(Sigma-Aldrich Co., St. Louis, MO, USA), or 50 mg/
kg of DG, respectively, via oral administration

(Fig. 1(A)).

Production and identification of IL-4/Luc/CNS-1 Tg
mice. IL-4/Luc/CNS-1 Tg mice for the animal exper-
iment were produced using the breeding method
described in previous studies.'® Large numbers of IL-
4/Luc/CNS-1 Tg mice and Non-Tg littermates were
produced by breeding IL-4/Luc/CNS-1 Tg mice and
HR1 mice. Founder mice containing the IL-4/Luc/
CNS-1 transgene were then identified by DNA-PCR of
tail-derived genomic DNA. For DNA-PCR, 10-pmol
each of sense (5'-CTC GCA TGC CAG AGA TCC
TA-3") and antisense (5'-CCA CAA CCT TCG CTT
CAA AA-3") primers were added into the genomic
DNA template mixture. Amplification was conducted
in a thermal cycler (Perkin-Elmer, Waltham, MA,
USA) by subjecting the samples to 25 cycles of 30 s at
94 °C, 30 s at 62 °C, and 45 s at 72 °C. The amplified
PCR products were then separated by 1% agarose gel
electrophoresis, after which the band patterns were
detected using a Kodak Electrophoresis Documentation
and Analysis System 120 (Eastman Kodak, Rochester,
NY, USA).

Observation of ear morphology and measurement of
ear thickness. ~ Changes in ear color, ear vein thick-
ness, and other morphological characteristics were ana-
lyzed using photographs. Additionally, ear thickness
was measured to determine the degree of skin inflam-
mation induced by PA + Vehicle and PA + DG treat-
ment using a thickness gage (Digimatic Indicator,
Matusutoyo Co., Tokyo, Japan).

Measurement of body and organ weight.  The body
weights of all animals in subset groups were measured
using an electronic balance (Mettler Toledo, Greifensee,
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Chemical structure of DG and ear morphological analysis of IL-4/Luc/CNS-1 Tg mice.

Notes: (A) DG consists of nonpolar aglycones attached via an ether bond to one or more monosaccharide moieties. (B) and (C) Ear thickness of
mice in four groups was measured using a thickness gage and phenotypes were observed as described in the Materials and Methods. DG was
administered via oral gavage for four weeks, while PA solution was repeatedly applied to the dorsum of the ear of IL-4/Luc/CNS-1 Tg mice during
the same period. The vein in the ear was indicated by arrows. (D) After collection of blood serum from the abdominal vein of the mice, the IgE
concentration was quantified by an enzyme-linked immunosorbent assay (ELISA). Data shown are the means+ SD (n=15). a, p <0.05 compared to
the AOO treated group. b, p <0.05 compared to the PA + Vehicle treated group. ¢, p <0.05 compared to the PA +DG25 treated group.

Switzerland) throughout the experimental period. Addi-
tionally, three major immune organs, the lymph node,
thymus, and spleen, were collected from scarified mice
and weighed using an electronic balance after the final
treatment.

Bioluminescence imaging analysis.  In vivo imag-
ing analysis to detect luciferase-derived signal was con-
ducted using an IVIS imaging system (Xenogen,
Oakland, CA, USA) as previously described.'” Briefly,
IL-4/Luc/CNS-1 Tg mice were anesthetized with Zole-
til and injected ip. with 150 mg/kg of D-luciferin
(Sigma-Aldrich Co.). Ten minutes after D-luciferin
injection, whole body and organ images of mice were
taken for 3 min using an IVIS imaging system, after
which the photons emitted from specific regions were
quantified using the Living Image software (Xenogen).
The in vivo luciferase activity was then expressed in
photons per second.

Enzyme-linked immunosorbent assay for detection of
serum IgE concentration.  The serum IgE concentra-
tion was measured using an ELISA kit (Shibayagi Inc.,
Gunma, Japan) according to the manufacturer’s instruc-
tions. Briefly, wells coated with antibody were washed
three times with washing solution (50-mM Tris, 0.14 M
NaCl, 0.05% Tween 20, pH 8.0), after which 50 pl of
serum samples and standards diluted 20-fold with
dilution solution were added to the wells and the plate

was incubated for 2 h at room temperature. Next, the
wells were washed with the aforementioned solution,
after which 50 ul of biotin-conjugated avidin was
added and the samples were incubated for 2 h. Horse-
radish peroxidase-conjugated detection antibodies were
then diluted 5,000 fold with conjugate diluent (50 mM
Tris, 0.14 M NaCl, 1% BSA, 0.05% Tween 20, pH
8.0) and transferred to each well. The plates were sub-
sequently incubated at room temperature for 1 h, after
which they were washed three times with washing
solution. An enzyme reaction was then initiated by
adding substrate solution and incubating the plates at
room temperature in the dark for 20 min. Finally, the
reaction was terminated by adding 2 M H,SO, solution
and the absorbance was measured at 450 nm.

Histological analysis.  Ear tissues were removed
from Non-Tg and IL-4/Luc/CNS-1 Tg mice, fixed in
10% formalin, embedded in paraffin wax, routinely
processed, and then sectioned into 5-pm thick slices.
Next, the skin sections were stained with hematoxylin
and eosin (H&E), after which they were examined by
light microscopy for the presence of immune cell
accumulation. The thickness of the epidermis and der-
mis were also measured using the Leica Application
Suite (Leica Microsystems, Wetzlar, Germany). In addi-
tion, the infiltration of mast cells into ear tissue was
detected by staining with toluidine blue as previously
described.'® After deparaffinization and dehydration,
ear skin sections were stained with 0.25% toluidine
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blue (Sigma-Aldrich Co.) and examined by light micro-
scopy for the presence of mast cells. The number of
cells per specific area was determined using the Leica
Application Suite (Leica Microsystems).

Western blotting.  Ear tissues and lymph nodes col-
lected from a subset of the groups were homogenized
using a PRO-PREP™ Solution Kit (iNtRON Biotech-
nology, Sungnam, Korea) supplemented with half of a
protein inhibitor cocktail tablet (Roche, Penzberg, Ger-
many), then centrifuged at 10,000xg for 10 min. The
prepared proteins were subsequently subjected to 10%
SDS-PAGE, after which they were transferred to a
nitrocellulose membrane (Amersham Biosciences, Cor-
ston, UK) for 2 h at 45V in transfer buffer (25 mM
Trizma-base, 192 mM glycine, and 20% methanol).
The efficiency of the transfer and equal protein loading
were evaluated by staining the membrane with Amido
Black Staining Solution (Sigma-Aldrich Co.) and the
gel with Coomassie Blue. Appropriate dilutions of pri-
mary antibodies, anti-IL-6 antibody (Santa Cruz
Biotechnology, TX, USA), anti-VEGF antibody (Pepro
Tech., NJ, USA), and anti-B-actin (Sigma-Aldrich Co.)
were added to the membranes and allowed to hybridize
overnight at 4°C. After the antibodies were removed,
the membrane was washed three times in a solution
composed of 10 mM Trizma-base (pH 7.6), 150 mM
NaCl, and 0.05% Tween-20 for 10 min. The membrane
was subsequently incubated with horseradish peroxi-
dase-conjugated anti-secondary antibody for 1h at
room temperature, after which it was washed again as
described above and developed using an enhanced
chemiluminescence detection system (Amersham Bio-
sciences). Finally, the results were quantified using the
Image Analyzer System (Eastman Kodak 2000MM,
Eastman Kodak, Rochester, NY, USA) and expressed
as the fold-increase over control values. All results
were confirmed by two independent researchers con-
ducting the experiments at least twice.

Statistical analysis.  One-way ANOVA was used to
identify significant differences between the PA and
AOO treated groups (SPSS for Windows, Release
10.10, Standard Version, Chicago, IL, USA). Addition-
ally, differences between the PA + Vehicle treated
group and the PA + DG treated group were evaluated
by a post hoc test (SPSS for Windows, Release 10.10,
Standard Version) of the variance and significance
levels. All values were expressed as the means £ SD. A
p value of <0.05 was considered significant.

Results

Recovery effect of DG treatment on ear thickness
and morphology

To determine if DG treatment can alter the ear phe-
notypes of PA-induced skin inflammation, the macro-
scopic morphology and thickness of the ear were
observed in IL-4/Luc/CNS-1 Tg mice over 4 weeks. In
the PA + Vehicle treated group, ear color changed
greatly from a flesh tint to dark brown relative to the

AOO treated group, while the outline of the ear vein
became cleared or thickened. However, these alterations
in ear morphology were rapidly recovered in the
PA + DG25 or PA + DG50 cotreated group (Fig. 1(B)).
In addition, ear thickness was significantly increased by
three times in the PA + Vehicle treated group relative
to the AOO treated group. Both PA + DG25 treated
groups showed a lower increase in ear thickness of
17-39%, and the thickness of the PA + DGS50 treated
group was greater than that of the PA + DG25 treated
group (Fig. 1(C)). Therefore, these findings demon-
strate that DG treatment may successfully relieve the
increase in ear thickness and severity of alterations in
ear morphological features induced by PA treatment.

Suppressive effect of DG treatment on the luciferase
signal of IL-4/Luc/CNS-1 Tg mice

We next investigated whether DG treatment could
improve the skin inflammation induced by PA treat-
ment using a luciferase reporter system. To accomplish
this, the luciferase signals were measured throughout
the body and in eight organs of IL-4/Luc/CNS-1 Tg
mice after individual PA + Vehicle or PA + DG treat-
ments using the Living Image software. In the whole
body image, high luciferase signals were only detected
in the abdominal region of IL-4/Luc/CNS-1 Tg mice
treated with PA + Vehicle, while very low levels were
measured in the AOO treated group. This signal
decreased greatly after PA +DG25 and PA + DGS50
treatment, although the difference between groups was
very small (Fig. 2(A) and (C)). In the organ image,
high luciferase signals were observed in SL among the
eight investigated organs of IL-4/Luc/CNS-1 Tg mice
treated with PA, while low levels were observed in the
same organs of the AOO treated group. This signal
was dramatically decreased in the SL of the
PA + DG25 or PA + DG50 cotreated IL-4/Luc/CNS-1
Tg mice, although it was not completely recovered to
that of the AOO treated group (Fig. 2(B) and (C)).
Therefore, these results suggest that relief of skin
inflammation phenotypes may be induced by DG treat-
ment via suppression of IL-4 promoter activity.

Suppressive effect of DG treatment on the weight of
immune organs and IgE concentration

To investigate the suppressive effects of DG on
increases in the weight of immune organs after PA
treatment, the weight of three immune organs was eval-
vated in subset groups. The weight of the lymph nodes
and spleen increased dramatically in response to topical
application of PA, similar to the results observed upon
luciferase signal analysis, although the body weight
remained at a constant level (Fig. 3(A)). However, the
weight of the lymph nodes and spleen decreased signif-
icantly by 33-56% and 14-26%, respectively, in the
PA + DG treated group, while those of the AOO trea-
ted group remained constant (Fig. 3(B) and (C)). The
opposite pattern was observed for the weight of the
thymus. Specifically, the group that received topically
applied PA showed a lower thymus weight than the
AOO treated group. This level gradually increased in
the PA + DG treated group with increasing dose,
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although a significant increase was only detected in the
thymus of the PA + DG50 treated group (Fig. 3(D)).

Effect of DG treatment on IgE concentration

Next, alterations in the serum IgE concentrations
were measured in the PA + Vehicle and PA + DG trea-
ted groups to determine if DG contributed to the sup-
pression of IgE secretion associated with PA-induced
skin inflammation. A rapid increase in serum IgE con-
centrations was detected in IL-4/Luc/CNS-1 Tg mice
after repeated topical application of PA solution. How-
ever, these levels were significantly decreased by 37
and 41% in the PA + DG25 and PA + DG50 treated
groups, respectively (Fig. 1(D)). These results indicate

that DG treatment contributes to decreased IgE concen-
tration in IL-4/Luc/CNS-1 Tg mice.

Effect of DG treatment on histopathological changes
in ear tissue

To evaluate the suppressive effects of DG treatment
on alterations of ear histology, the histopathological
features of ear tissue of IL-4/Luc/CNS-1 Tg mice were
evaluated after DG treatment for 4 weeks. Increased
thickness of the epidermis and dermis of the ear tissue
was observed in the PA + Vehicle treated group relative
to the AOO treated group (Fig. 4). However, these
levels decreased significantly after DG cotreatment
(dermis; 44-53%, epidermis; 46-51%), although the
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effects were not dose dependent in the PA + DG25 or
PA + DG50 treated group (Fig. 4). Moreover, thick
scabs were observed in the skin of the PA + Vehicle
treated group, while small thin scabs were detected in
the same region of the PA + DG25 treated group and
detachment of all scabs was observed in the
PA + DG50 treated group. Furthermore, a large number
of lymphocytes infiltrated the dermis under the scabs in
the PA + Vehicle treated group. After PA + DGS50
cotreatment, the infiltrated lymphocytes completely dis-
appeared from these regions, although the level in the
PA + DG25 treated group remained nearly the same
(Fig. 4). Taken together, these results suggest that DG
treatment may improve the PA-induced skin inflamma-
tion, while DG50 treatment led to complete recovery.

Effects of DG treatment on the infiltration of mast
cells

Various inflammatory responses including asthma,
eczema, itch, allergic rhinitis, allergic conjunctivitis,
and skin inflammation have been shown to be closely
correlated with the number of infiltrated mast cells.'”
Therefore, tissue sections for ear skin were stained with
toluidine blue and the number of infiltrated mast cells
was counted to investigate the suppressive effects of
DG against infiltration of mast cells. The PA + Vehicle
treated group showed a high number of mast cells
stained blue in the dermis relative to the AOO treated
group; however, the number of stained cells was
significantly lower in the PA + DG25 (67%) and

PA + DG50 (70%) cotreated groups (Fig. 4). Therefore,
the present results indicate that DG contributes to the
suppression of mast cells infiltration in the dermis of
ear skin.

Effects of DG treatment on the expression of
inflammatory cytokines

To determine if DG treatment could induce alter-
ations in skin inflammation related cytokines expres-
sion, alterations in the expression of IL-6 and VEGF
protein were measured in the ear tissue (Fig. 5(A)) and
lymph nodes (Fig. 5(B)) of subset groups. The pattern
of IL-6 and VEGF expression in both groups was simi-
lar to the intensity of the luciferase signal, even if the
rate of decrease varied among groups. The expression
of IL-6 and VEGF protein was higher in the
PA + Vehicle treated group than the AOO treated
group; however, these levels were dramatically
decreased to the level of the AOO treated group in the
PA + DG25 and PA + DG50 treated groups (Fig. 5).
Overall, the above results indicate that regulation of IL-
6 and VEGF expression may improve the skin inflam-
mation induced by long periods of DG treatment.

Discussion

Saponins have long been considered precursor drugs
in the pharmaceutical industry and target molecules for
the treatment of diverse chronic diseases because they
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SD (n=15). a, p<0.05 compared to the AOO treated group. b, p <0.05 compared to the PA + Vehicle treated group. ND, not detected.

possess a wide range of beneficial health proper-
ties.?*! Chemically, saponins are classified into two
different groups according to the chemical nature of the
aglycone, steroids (c-27), and triterpenoid (c-30) glyco-
sides.”? Based on the above structural properties, they

include various structural analogs such as dioscine,
sarsaponin, ginsenosides, panaxosides, aescin, gly-
cyrrhizin and senegins, which originate from various
plants.?® Among these, DG has received a great deal
of attention as a novel therapeutic drug candidate for
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Notes: Western blot analysis of total protein was extracted from the lymph nodes and ear tissue of IL-4/Luc/CNS-1 Tg mice from subset groups.
The levels of IL-6 and VEGF were detected with specific antibodies. The actin level is also shown as an endogenous control. The band intensity
of IL-6 and VEGF protein was determined using an imaging densitometer and the relative level of each protein was calculated based on the inten-
sity of actin protein as an endogenous control. Data represent the means+SD from three replicates. a, p <0.05 compared to the AOO treated

group. b, p<0.05 compared to the PA + Vehicle treated group.

the treatment of various diseases. A number of related
studies are currently being conducted to investigate
their mechanism of action and novel functions. In an
effort to develop drugs for the treatment of inflamma-
tory response, we investigated the suppressive effects
of DG in IL-4/Luc/CNS-1 Tg mice after PA treatment.
Our results provide important evidence that DG treat-
ment is associated with the suppression of two impor-
tant cytokines involved in skin inflammation (IL-4 and
IL-6).

Generally, a network of secreted cytokines con-
tributes to the regulation of inflammatory and immune
response. Cytokines secreted from Thl cells, including
IFN-y, induce the activation of cellular immunity,
whereas Th2-secreted cytokines including IL-4 stimu-
late humoral immunity.***> Although IL-4 plays an
important role in the regulation of inflammatory
responses, OVA-sensitized BALB/c mice showed dif-
ferent responses to DG treatment. IL-4 secretion from
splenocytes and IL-4 mRNA expression in lungs were
maintained at constant levels after treatment with
200400 mg/kg body weight DG for 34 days, while
OVA-specific IgG2 levels were enhanced in the serum
of these animals.'” However, the expression of IL-4
and GATA-3 proteins was markedly increased in duo-
denal tissues of OVA-sensitized BALB/c mice after
treatment with 100-200 mg/kg body weight DG for
49 days.'” In the present study, the luciferase signal

originating from the IL-4/Luc/CNS-1 construct was
significantly enhanced in the PA + Vehicle treated
group. Following treatment with two concentrations of
DG, this signal was markedly decreased in the ventral
region of the entire body and SL (Fig. 2). These
results agreed with those of previous studies in which
IL-4 expression in the lung and spleen was not
affected by the DG treatment in OVA-sensitized
BALB/c mice.'” However, the results of previous
studies showing that DG treatment induced IL-4
expression in duodenal tissues were very different
from those of the present study, which was likely due
to differences in the properties of sensitizing com-
pounds and the specificity of target organs of the
inflammatory response. Meanwhile, some difference in
the organ type displaying Luc signal in IL-4/Luc/
CNS-1 Tg mice after PA + DG treatment. Luc signal
in early study was majorly detected in lung, thymus,
and SL,'> while this signal in several late studies was
observed in thymus, SL, and pancreas.’®*’*® In this
study, Luc signal was detected in only SL of IL-4/
Luc/CNS-1 Tg mice treated with PA or PA + DG and
this pattern was very similar with the results reported
by Kwak et al. *®. Therefore, the difference between
Luc signal showing organs should be considered dur-
ing the investigation of anti-inflammatory substance
using IL-4/Luc/CNS-1 Tg mice although it has diffi-
cult to provide exact cause for above difference.
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PA applied in this study is a low-molecular-weight
organic compound industrially used in the large-scale
production of plasticizers, alkyl and polyester paint
resin, and as a curing agent for epoxy resins because
they are highly reactive and act to cross-link poly-
mer.>*>? However, exposure to PA causes occupational
irritation, immunological-mediated allergic diseases
including asthma, contact urticarial, rhinitis, conjunc-
tivitis and atopic dermatitis, and direct skin test
sensitivity.>'*? Among the organs of human body, the
eye, skin, and respiratory tract are irritated and sensi-
tized by PA in the various forms including vapor, fume,
and dust.?’?® Especially, PA treatment may tightly
implicate with a characteristic feature of type I contain-
ing IgE production, infiltration of mast cell, and atopic
dermatitis '°2** as well as type IV hypersensitivity
including activation of Th cells and cytokine secre-
tion.?”*® In our studies, similar responses for PA treat-
ment reported in previous studies were also observed
in the various regions of IL-4/Luc/CNS-1 Tg mice
exposed with PA although their magnitude was differ-
enced in each study.

It is well known that the hyperproduction of IgE is
an indicator of the magnitude of allergic immune
response, as well as a characteristic feature of type 1
hypersensitivity.®” However, there are conflicting
results regarding the effects of DG treatment on OVA-
sensitized BALB/c mice. The serum concentration of
OVA-specific IgE was not changed in response to treat-
ment with 200400 mg/kg BW of DG for 34 days,
while OVA-specific IgG2 increased in response to the
same conditions.'” Nevertheless, the suppression of
IgE production in serum was suppressed in OVA-sensi-
tized BALB/c mice treated with 100-200 mg/kg BW
DG for 49 days.'” In a present study, the increased
IgE concentration in serum decreased by 37-41% in
the PA + DG25 and PA + DGS50 treated group. These
findings are in agreement with those of previous reports
in which DG treatment was found to suppress IgE pro-
duction. Therefore, the data presented in our study pro-
vide additional strong evidence that DG may contribute
to attenuation of inflammatory and allergic responses
through the regulation of IgE production.

Mast cells have been shown to regulate the protec-
tion of immune responses to some parasites and bac-
teria, as well as allergic disorders and IgE-mediated
immediate hypersensitivity.***® Therefore, in this
study, the number of mast cells in the ear section of
IL-4/Luc/CNS-1 Tg mice was measured in the
PA + DG treated group. As shown in Fig. 4, a higher
number of mast cells infiltrated into the dermis of
the PA + Vehicle treated group than the AOO treated
group, but a low number of mast cells was observed
in the PA+DG25 and PA + DGS50 treated groups.
These results are in accordance with those of previ-
ous studies that investigated the suppressive effects
of DG in the duodenum of OVA-sensitized BALB/c
mice. Following the induction of intestinal allergic
responses, DG treatment (100-200 mg/kg BW) atten-
uated the degranulation and infiltration of mast cells
in the duodenum.'”

Meanwhile, there are some inconsistencies on the
dose-dependent response for ear phenotype, IgE con-

centration, immune organs and cells, and cytokines
level. As show Figs. 1 and 2, the suppression on the
ear thickness, IgE production, and lymph node weight
were significantly enhanced with an increase in the DG
concentration. But, the suppression effect of DG on
IL-4 luciferase signal, IL-6 expression, and VEGF
expression was not depend on the concentration of DG
(Figs. 2 and 5). We think that these the difference on
the suppression effects of DG may have correlated with
different responses of hypersensitivity induced by PA
treatment. Type | hypersensitivity is known as anaphy-
lactic hypersensitivity including IgE production, mast
cell degranulation, and release of hydrolytic enzyme
from eosinophils,*® while type IV, delayed type hyper-
sensitivity, is characterized by activation of T lympho-
cytes, monocytes and macrophage, and secretion of
cytokines.*" Therefore, we think that minimum effec-
tive concentration of DG against PA exposure may dif-
fer between characteristic feature of type I and type IV
hypersensitivity. However, more studies are needed to
understand the molecular mechanism of DG in the
response of each type and to determine a effective
concentration.

It has been found that action mechanism of DG
was investigated in an OVA-induced intestinal allergic
model, murine primary splenocytes, and lipopolysac-
charide (LPS)-induced acute lung injury model. In
intestine of above model, DG successfully enhanced
the expression of IFN-y and IgG2 level through the
up-regulation of Thl cell differentiation which is stim-
ulated by an increase in the T-bet expression.'''®
Also, this function of DG was associated with sup-
pression of IgE production mast cell infiltration and
degranulation.'”  Furthermore, DG suppressed the
cytokine production of IL-2 and IL-10 as well as
increased the secretion level of IFN-y through the
modulation of T cell immune responses in primary
splenocytes from female BALB/c mice.*” Moreover,
in the lung injury model, the histological change of
lung and infilteration of inflammatory cells were atten-
uvated by DG treatment via the suppression of the
phosphorylation of NF-xB p50/p65 and MAPK/p38,
and the expression of iNOS.*® In our study, the simi-
lar mechanism reported in previous studies was also
observed in PA-induced skin inflammation model
although there are few differences on the analysis fac-
tors and their magnitude. Therefore, the present results
firstly provide additional evidence for the inhibiton
mechanism of DG on the PA-induced skin inflamma-
tion as well as the role of IL-4 cytokine during anti-
inflammatory activity of DG.

Overall, we investigated the suppressive effects of
DG in skin inflammation induced by PA treatment
using the inflammatory markers and luciferase signal
in IL-4/Luc/CNS-1 Tg mice. The luciferase signal
and general phenotypes of skin inflammation success-
fully reflected the therapeutic effects of DG on
inflammatory response, and showed a correlation
between DG treatment and IL-4 expression. There-
fore, the results of the present study indicate that
DG should be considered a candidate for the treat-
ment and prevention of inflammatory reactions in the
skin.
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