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Abstract

Naturally derived diosmetin and its glycoside diosmin are known to be effective in treating inflammatory disease. This study was
performed to determine whether diosmin and diosmetin have the effect of improving atopic dermatitis in a 2,4-dinitrochlorobenzen
(DNCB)-induced atopic dermatitis (AD) model. DNCB was used to establish AD model in hairless mice. Skin moisture, serum im-
munoglobulin E (IgE), interleukin 4 (IL-4), and histological analysis were performed to measure the effectiveness of diosmin and
diosmetine to improve AD. IL-4 levels were also measured in RBL-2H3 cells. Administration of diosmetin or diosmin orally inhibited
the progress of DNCB-induced AD-like lesions in murine models by inhibiting transdermal water loss (TEWL) and increasing skin
hydration. Diosmetin or diosmin treatment also reduced IgE and IL-4 levels in AD-induced hairless mouse serum samples. How-
ever, in the in vitro assay, only diosmetin, not diosmin, reduced the expression level of IL-4 mRNA in RBL-2H3 cells. Diosmin and
diosmetine alleviated the altered epidermal thickness and immune cell infiltration in AD. Diosmin is considered effective in the cure
of AD and skin inflammatory diseases by being converted into diosmetin in the body by pharmacokinetic metabolism. Thus, oral
administration of diosmetin and diosmin might be a useful agent for the treatment of AD and cutaneous inflammatory diseases.
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INTRODUCTION (Spergel and Paller, 2003; Bieber, 2008).
The causes of atopic dermatitis are not yet known. Because

Atopic dermatitis (AD) is a chronic, recurrent allergic inflam- clinical symptoms appear in various ways, such as dry skin
matory skin disease characterized by itching, dry skin, and and eczema, the causes of the disease cannot be explained
eczema (Wahligren, 1999). It usually begins in infancy or child- in any one way. Thus, genetic predisposition, environmental
hood, and the distribution and response pattern of skin lesions factors, immunological reactions, and abnormalities of the
vary slightly depending on the patient’s age. In infants, acute skin’s protective barrier function are considered to be the main
eczema with exudates or scabs is common, often occurring causes of AD (David Boothe et al., 2017). In acute skin le-
on the face, head, and the outside of the limbs. In childhood sions of atopic dermatitis, Type 2 T helper cells (Th2) are pres-
between 2 and 10 years of age, rather than the face, it oc- ent, and the cytokines interleukin 4 (IL-4), IL-5, and IL-13 are
curs in the folded parts of the limbs and the neck and often overexpressed, which not only causes allergic reactions, but
appears as a dry eczema. Atopic dermatitis often improves or also reduces innate immune responses (Lloyd and Snelgrove,
disappears with age, and hand eczema often occurs in adult- 2018). There have been reports that cytokines produced
hood. When atopic dermatitis remains until adulthood, the skin by the Th2 immune response directly degrade barrier func-
symptoms of the body improve, but erythema, redness, and tion, suggesting a new concept of the relationship between
eczema tend to appear on the face. The folds are scratched skin barrier abnormalities and immunological abnormalities
for a long time, resulting in thickened skin with lichenification (Brandt and Sivaprasad, 2011).
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IL-4, a representative Th2 cytokine, promotes the class
switch of B cells to increase immunoglobulin E (IgE) synthesis,
induce mast cell activation, eosinophil infiltration and differen-
tiation, and induce type | hypersensitivity (Kumar et al., 2012;
Gandhi et al., 2017). In addition, it is known that over-expres-
sion of IL-4 reduces the expression of filaggrin, involucrin, and
loricrin, which are the major constituent proteins of the skin
barrier, inhibits the recovery of ceramide, and also suppresses
the expression of antibacterial peptides, leading to defects in
the skin barrier (Howell et al., 2009; Sawada et al., 2012; Bao
etal., 2017).

Impairment of skin barrier function is thought to be one of
the important causes of atopic dermatitis. Defective skin barri-
ers do not function properly as permeability barriers, allowing
allergen penetration and moisture loss. In addition, the der-
matitis caused by immunological abnormalities may impair the
skin’s barrier function, so blocking such a vicious cycle is one
of the important tasks of AD treatment (Cork et al., 2009).

Medications such as corticosteroids, which have been pri-
marily prescribed to treat AD, have many side effects and can-
not be used in the long term (Hajar et al., 2015). Therefore,
there is a need to develop a new concept of therapeutic mate-
rial that can substitute for these or reduce the use of existing
therapeutic agents, with the goal of fewer side effects for long-
term use. Recently, dupilumab, a biological agent that func-
tions as a IL-4Ra blocker, has been approved for the treat-
ment of adult patients with severe atopic dermatitis by the U.S.
Food and Drug Administration and has been reported to have
good therapeutic effect (Beck et al., 2014). Thus, it has been
demonstrated that modulating IL-4 is a good target for treating
atopic dermatitis.

Flavonoids are polyphenolic compounds that are naturally
produced as secondary metabolites in plants such as citrus
species (Nogata et al., 2006). Flavonoids are classified into
flavones, flavanols, flavanons, isoflavones and anthocyanins,
depending on their chemical structure. Flavonoids have been
studied and are reported to have a variety of physiological ac-
tivities, including antioxidant, anti-inflammatory, anti-diabetic,
anti-aging, and antibacterial (Wang et al., 2018).

Diosmetin (3',5,7-trihydroxy-4'-methoxyflavone), the agly-
cone part of the flavonoid glycoside diosmin (3',5,7-trihydroxy-
4'-methoxyflavone-7-ramnoside), occurs naturally in citrus
fruits. Pharmacologically, diosmetin is reported to exhibit
anti-oxidant, anti-inflammatory, anti-bacterial and anti-cancer
activities (Patel et al., 2013). Diosmin is broken down into its
aglycone, diosmetin, by enzymes in the gut bacteria before it is
absorbed from the gastrointestinal tract (Kanaze et al., 2004).
Diosmetin also inhibits the expression of p-hexosaminidase,
which induces an inflammatory response from RBL-2H3 cells
and inhibits the production of IgE receptor-mediated IL-4 in in
vitro experiments (Mastuda et al., 2002).

In this study, diosmetin reduced the expression of IL-4 in
RBL-2H3 cells, but not diosmin. Thus, we tried to investigate
the efficacy of diosmetin based on the anti-inflammatory activi-
ty to improve the AD pathology via oral administration in an AD
animal model induced by 2,4-dinitrochlorobenzene (DNCB).
In addition, since diosmin has the potential to convert diosme-
tin by intestinal bacteria, we evaluated whether diosmin will
exhibit efficacy in vivo when administered orally in a DNCB
model.
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MATERIALS AND METHODS

Chemicals

Diosmetin and diosmin were purchased from ChemFaces
(Wuhan, China), their purity was over 98%. 2,4-Dinitrochlo-
robenzene (DNCB) was obtained from Sigma-Aldrich Co (St.
Louis, MO, USA). DMEM (Dulbecco’s Modified Eagle’s Media)
and FBS (Fetal Bovine Serum) were obtained from HyClone
Laboratories, Inc (Logan, UT, USA). Penicillin-streptomycin
solution and Fast SYBR® Green Master Mix were purchased
from Life Technologies (Waltham, MA, USA). An RNeasy mini
kit and a ImProm-Il Reverse Transcription System kit were
purchased from Qiagen (Valencia, CA, USA) and Promega
(Madison, WI, USA), respectively.

Animals

Six-week-old female SKH-1 hairless mice were obtained
from Orient Bio Inc.’s animal facility (Seongnam, Korea) and
maintained in an air-conditioned animal room at a tempera-
ture of 25 + 5°C and 55 + 5% humidity. Mice were allowed to
consume standard laboratory feed and water freely. All animal
experiments were conducted in accordance with the Guide for
the Care and Use of Laboratory Animals of the National Insti-
tutes of Health (NIH publication no. 85-23, revised 1996) and
were approved by the KIST Institutional Animal Care and Use
Committee (Certification no. KIST-2017-081, approval date
September 25, 2017).

Induction of AD-like skin lesions in mice by DNCB and
diosmetin or diosmin application

AD was induced on the backs of SKH-1 hairless mice by
applying DNCB dissolved in a solution of 99% of acetone in
water and olive oil in a volume ratio of 3:1. During the first 7
days, 1% DNCB was applied into the dorsal skin of mice once
a day. From the 8th day after rubbing DNCB, mice were chal-
lenged with 100 puL of 0.1% DNCB every 3 days for an addi-
tional 2 weeks. During that same period, diosmetin (5, 10 or 25
mg/Kg/day) or diosmin (50 mg/Kg/day) dissolved in a solution
of 2% carboxymethyl cellulose and water in a volume ratio of
3:2 was orally administered once a day. On the last day of the
experiment, erythema, edema and lichenification were evalu-
ated visually in hairless mice. Then, mice were sacrificed, and
blood and skin tissue were collected for further studies.

Measurement of transepidermal water loss (TEWL) and
skin hydration

To assess skin barrier status, TEWL was measured using
an AquaFlux (Biox, London, UK), and hydration was mea-
sured using a Skin-O-Mat (COSMOMEP, Berlin, Germany).
These two parameters measured weekly under 25 + 5°C and
55 + 5% humidity conditions.

Histopathological examinations

To evaluate histopathological variations, the back skin from
SKH-1 hairless mice was fixed with 10% formalin and cov-
ered with paraffin wax. Sections were cut to 10 um using a
microtome, placed on slides, then dried and stained with he-
matoxylin and eosin (H&E) or toluidine blue. Histopathologi-
cal examinations were performed using an Olympus CX31/
BX51 microscope (Olympus Optical Co., Tokyo, Japan), and
photographs were obtained using a TE-2000U camera (Nikon
Instruments Inc., Melville, NY, USA). The thicknesses of the
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epidermal layer were measured using a microscope equipped
with a ruler and the LAS v4.8 (Leica Microsystem, Herbrugg,
Switzerland) program.

Determination of serum IgE and IL-4 concentrations

Blood specimens were taken from the abdominal aortas of
the mice and centrifuged at 10,000 rpm for 15 min at 4°C.
Serum IgE and IL-4 concentrations were determined using
ELISA kits (eBioscience, San Diego, CA, USA), according to
the manufacturer’s protocol.

Cells and cell culture

The RBL-2H3 cell line, a rat basophilic leukemia cell line,
was purchased from ATCC (American Type Culture Collec-
tion, #CRL-2256, Bethesda, MD, USA) and cultured in DMEM
containing 10% FBS and 1% penicillin-streptomycin in a CO,
incubator at 37°C.

Quantitative real-time PCR (Q-PCR)

RBL-2H3 cells were collected for further studies. After lysis
of the pelleted cells, total RNA was isolated using an RNeasy
mini kit (Qiagen), and cDNA synthesis was performed using
an ImProm-Il reverse transcription system (Promega). Q-PCR
(quantitative real-time PCR) to measure mRNA expression
was performed using a 7500 Fast Real-Time PCR system
(Applied Biosystems, Foster City, CA, USA) and Fast SYBR®
Green Master Mix (Life Technologies). All reactions were re-
peated three times, and the data were analyzed using 7500
System SDS software version 1.3.1 (Applied Biosystems).
The PCR primer sets were as follows: IL-4 (NM_021283),
forward 5-ACC TTG CTG TCA CCC TGT TC-3’ and reverse
5-TTG TGA GCG TGG ACTCAT TC-3’; B-actin (NM_007393),
forward 5’-TCA TCA CCA TCG GCA ACG-3’ and reverse 5'-
TTC CT GAT GTC CAC GTC GC-3'.

Statistical analysis

All quantitative data for this study were obtained through at
least two independent experiments and are denoted as mean
+ standard deviation. Statistical analyses were carried out by
a one-way analysis of variance (ANOVA) and Tukey’s multiple
comparisons post hoc analysis.

RESULTS

Diosmetin ameliorates severity of the DNCB-induced AD
mice

To investigate the effects of diosmetin on atopic dermatitis,
we orally administered diosmetin at concentrations of 5, 10 or
25 mg/kg in DNCB-induced mouse models. Oral application of
diosmetin for two weeks to hairless mice stimulated by DNCB
effectively inhibited AD symptoms such as swelling, erythema,
erosion and dryness (Fig. 1A). Skin barrier dysfunction, such
as increases in TEWL and decreases in skin water contents,
is usually detected before the development of AD. On the last
day of the treatment, the TEWL value was increased in the
DNCB-treated group (76.5 + 4.8 g/m?h) compared to the non-
treated control group (22.5 £ 1.2 g/m?h), and the TEWL value
was decreased by approximately 47.7% in the DNCB and di-
osmetin co-treated groups (38.9-40.5 g/m?/h) compared to the
DNCB-treated group (Fig. 1B). Skin hydration was significant-
ly increased in the DNCB-diosmetin group (26.6-29.2%) com-

https://doi.org/10.4062/biomolther.2020.135

A DNCB-+diosmetin (mg/kg/day)
Con - 5 10 25
P 2 3 ) ¥
i §
) ; ‘/
F a .

C

S

c

Ke]

s

©

>

T
Con - 5 10 25 Con - 5 10 25
DNCB+diosmetin DNCB+diosmetin

(mg/kg/day) (mg/kg/day)

E

-

€

>

>

5

=

Con - 5 10 25 Con - 5 10 25
DNCB+diosmetin DNCB+diosmetin
(mg/kg/day) (mg/kg/day)

Fig. 1. Diosmetin ameliorated pathological changes in the skin
of DNCB-induced atopic mice. Clinical features of AD-like skin le-
sions (A). Transepidermal water loss (TEWL) values (B). Level of
skin hydration (C). Concentration of serum IgE (D). Concentration
of serum IL-4 (E). Data are presented as the mean + SD and were
analyzed using a one-way ANOVA and Tukey’s multiple compari-
sons post hoc analysis between the DNCB-induced group (DNCB)
and the other groups (CON, DNCB-Diosmetin). *p<0.05 significant-
ly greater or lower than CON. *p<0.05 significantly greater or lower
than DNCB. CON, normal control group; DNCB: DNCB-induced
group, DNCB-Diosmetin: DNCB and Diosmetin-treated group.

pared to the DNCB group (19.1 + 2.25) (Fig. 1C). Induction of
atopic dermatitis by DNCB leads to strong increases in IgE
(278.4 £ 86.9 ng/mL) and IL-4 (54.0 £+ 8.16 pg/mL) concentra-
tions in serum. However, application of diosmetin with DNCB
reduced the serum levels of IgE (99.3-114.6 ng/mL) and IL-4
(27.1-35.2 pg/mL) in AD-induced hairless mouse models (Fig.
1D, 1E). There was a clear improvement in appearance with
diosmetin administration, but it did not show significant differ-
ences in a dose-dependent manner. Taken together, our data
showed that diosmetin improved AD-like symptoms and aller-
gic responses in hairless mice.

Diosmetin improves histological changes in the DNCB-
induced AD mice

The characteristic histological changes in patients with
atopic dermatitis include very thick epidermis and dermis
with large amounts of immune cells. On the last day of the
experiment, to examine changes in the epidermis, the dorsal
skin of the mice was separated and H&E stained (Fig. 2A).
In the DNCB-treated group (45.6 + 3.5 um), the epidermal



thickness increased by 308% compared to the control group
(14.8 £ 1.1 um), and that of the diosmetin with DNCB-treated
groups (19.8-23.5 um) decreased significantly compared to
the DNCB-treated group (Fig. 2C). To confirm the degree of
infiltration of immune cells in the dermis, the mouse tissues
were stained with toluidine blue (Fig. 2B). Increased infiltration
of inflammatory cells was detected in the DNCB-treated group
(90 + 4/area), but diosmetin treatment diminished the number
of cells to 49-62/area (Fig. 2D). Our data showed that diosme-
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Fig. 2. Diosmetin improved histopathological changes, epidermal
thickness and mast cell numbers in DNCB-induced AD-like symp-
toms in hairless mice. Hematoxylin and eosin staining (100x mag-
nification, A). Toluidine blue staining (B). Epidermal thickness (C).
Number of mast cells (D). Data are presented as the mean + SD
and were analyzed using a one-way ANOVA and Tukey’s multiple
comparisons post hoc analysis between the DNCB-induced group
(DNCB) and the other groups (CON, DNCB-Diosmetin). *p<0.05
significantly greater than CON. *p<0.05 significantly lower than
DNCB. CON, normal control group; DNCB: DNCB-induced group,
DNCB-Diosmetin: DNCB and Diosmetin-treated group.
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tin could play a potent role in ameliorating AD.

Diosmin, a glycoside compound of diosmetin, does not
reduce IL-4 expression in RBL-2H3 cells

Diosmin is a glycoside of diosmetin, which is metabolized
in the body and converted to diosmetin (Fig. 3A). Diosmetin is
known to inhibit the release of IL-4 in RBL-2H3 cells (Mastuda
et al., 2002). Therefore, we decided to check whether diosmin
could regulate the Th2 cytokine IL-4. As shown in Fig. 3B, the
diosmetin-treated group exhibited reduced IL-4 expression
compared to the Pl-treated group, but diosmin did not affect
the change in IL-4 expression. These data demonstrated that
diosmin must be metabolized to diosmetin to show activity of
IL-4 expression inhibition, and this metabolism does not occur
at the cellular level.

Diosmin diminishes severity of the DNCB-induced AD mice

Next, we measured whether orally administering diosmin
has an improvement effect on atopic dermatitis in DNCB-in-
duced AD mice. According to the data in the previous section,
it was estimated that diosmin is metabolized to diosmetin and
shows efficacy in vivo. Since the molecular weight of dios-
min (608.5) is twice that of diosmetin (300.26), diosmin was
orally administered to the mice at 50 mg/kg, which is twice
the highest concentration of diosmetin; this corresponds to al-
most the same molar concentration compared to diosmetine.
The results showed that the group treated with diosmin and
DNCB experienced the alleviation of several symptoms that
were apparently seen on the skin surface in AD compared
to the group treated with DNCB only (Fig. 4A). TEWL values
were measured on the last day of the experiment. In terms
of TEWL value, the diosmin-treated group (41.25 + 0.95 g/
m?/h) was reduced by approximately 30% compared to the
DNCB-treated group (58.94 + 5.62 g/m?/h) (Fig. 4B). The skin
moisture content of the diosmin-administered group (28.3 £
5.44) was increased by approximately 61.7% compared to
the DNCB-treated group (17.5 £+ 4.57) (Fig. 4C). Levels of IgE
(218.46 + 37.98—151.38 + 35.55) and IL-4 (54 + 8.16—28.7 +
7.25), which are indicators of atopic dermatitis in serum in the
diosmin-treated group, also decreased by 30.7% and 46.9%,
respectively, compared to the DNCB-treated group (Fig. 4D,
4E). Taken together, our study confirmed that diosmin im-
proves all symptoms of AD and blood index when adminis-
tered orally.

Relative gene expression T3

Con - CsA 10 30 10 30 (ug/mL)

Diosmetin Diosmetin Diosmin

PMA/lonomycin

Fig. 3. Anti-allergic effects of diosmetin or diosmin in RBL-2H3 cells. Chemical structures of diosmin and diosmetin (A). IL-4 mRNA expres-
sion (B). Data are presented as the mean + SD and were analyzed using a one-way ANOVA and Tukey’s multiple comparisons post hoc
analysis between the PMA/lonomycin-treated group and the other groups. *p<0.05 significantly greater than CON. *p<0.05 significantly
lower than PMA/lonomycin-treated group. CON, normal control group; CsA, 1 uM Cyclosporin A-treated group.
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Fig. 4. Diosmin alleviated pathological changes in the skin of
DNCB-induced atopic mice. Clinical features of AD-like skin le-
sions (A). Transepidermal water loss (TEWL) values (B). Level of
skin hydration (C). Concentration of serum IgE (D). Concentration
of serum IL-4 (E). Data are presented as the mean + SD and were
analyzed using a one-way ANOVA and Tukey’s multiple compari-
sons post hoc analysis between the DNCB-induced group (DNCB)
and the other groups (CON, DNCB-Diosmin). *p<0.05 significantly
greater or lower than CON. *p<0.05 significantly lower or greater
than DNCB. CON, normal control group; DNCB: DNCB-induced
group, DNCB-Diosmin: DNCB and Diosmin-treated group.

Diosmin a meliorates histological changes in the DNCB-
induced mice

After the experiment, H&E staining was performed to mea-
sure the thickness of the epidermis from the back tissue ob-
tained from mice (Fig. 5A). In the group treated with diosmin
and DNCB (34.73 = 7.1 um), the epidermal thickness was re-
duced by approximately 46.6% compared to the group treated
with DNCB alone (65.01 £ 5.5 um) (Fig. 5C). Toluidine blue
staining was performed to check the number of immune cells
infiltrated into the skin tissue (Fig. 5B). Diosmin administra-
tion (58.0 + 4.91/area) reduced the penetration of immune
cells into the dermis by 22.9% compared to the DNCB alone
treatment alone group (75.25 £ 4.65/area) (Fig. 5D). Our data
suggest that administration of diosmin can improve skin tissue
changes, i.e., skin thickening and penetration of immune cells,
that frequently occur in AD.
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Fig. 5. Diosmin improved histopathological changes, epidermal
thickness and mast cell numbers in DNCB-induced AD-like symp-
toms in hairless mice. Hematoxylin and eosin staining (100x mag-
nification, A). Toluidine blue staining (B). Epidermal thickness (C).
Number of mast cells (D). Data are presented as the mean + SD
and were analyzed using a one-way ANOVA and Tukey’s multiple
comparisons post hoc analysis between the DNCB-induced group
(DNCB) and the other groups (CON, DNCB-Diosmin). *p<0.05
significantly greater than CON. *p<0.05 significantly lower than
DNCB. CON, normal control group; DNCB: DNCB-induced group,
DNCB-Diosmin: DNCB and Diosmin-treated group.

DISCUSSION

Naturally produced products can be a rich source of medi-
cines. Substances derived from natural products have been
widely used for skin-related problems because of their anti-in-
flammatory, anti-bacterial and dermatological efficacy. There-
fore, research on natural products is one of the important
arms of the development of new drugs to cure skin-derived
diseases.

Atopic dermatitis is characterized by overexpression of Th2
cytokines and plasma IgE and itching of the outer skin. Pa-
tients with AD generally have increased cytokines such as IL-
4, IL-5 and IL-13 via Th2 mediation (Liu et al., 2011). Among
variable factors in chronic AD, in particular, IL-4 acts as an
initiator of AD and serves as the first mediator to trigger a se-
ries of subsequent atopic reactions. Therefore, we aimed to
identify candidates for natural products that would be effective
in treating AD by inhibiting IL-4 expression.

Diosmin was first isolated from figwort (Scrophularia no-
dosa) and is a flavonoid compound that is mainly isolated



from citrus peel (Campanero et al., 2010; Bogucka-Kocka et
al., 2013). Diosmin has been widely used as a vasoprotec-
tive agent for venous vascular diseases, such as venous leg
ulcers and hemorrhoids (Guilhou et al., 1997; Diana et al.,
2000). In addition, since it has a strong anti-cancer effect,
many researchers consider it as an alternative treatment for
various cancers that occur in the liver, colon, and urinary sys-
tem (Tanaka et al., 1997; Yang et al., 1997; Perumal et al.,
2018). Antioxidant, anti-diabetic and anti-ulcer effects of dios-
min have also been reported (Arab et al., 2015; Ahmed et al.,
2016).

Diosmin, when administered orally, is rapidly hydrolyzed
to flavone aglycone diosmetin by gut bacteria such as Clos-
tridium, Lactobacillus, Bifidobacterium or Escherichia and is
then absorbed in the intestine. Diosmin cultured with human
gut microorganisms was rapidly converted to diosmetin (Cam-
panero et al., 2010; Curro, 2018). In addition, as a result of de-
tection in human plasma after oral administration of diosme-
tin to healthy volunteers, a small amount of its unconjugated
form was detected (Campanero et al., 2010). Therefore, when
evaluating the activity of diosmin, it is necessary to evaluate
the activity of diosmetin. In addition, in vitro experiments have
reported that only diosmetin is more effective than diosmin
(Villa et al., 1992), which is in good agreement with our data
on IL-4 expression.

To confirm whether diosmin and diosmetin have therapeu-
tic efficacy against AD, hairless mice in which AD-like skin
lesions were evoked by DNCB were used for in vivo studies.
DNCB is a well-known hypersensitivity inducer that induces
AD-like lesions in laboratory animals. Sensitization caused
by DNCB induces symptoms resulting from the loss of skin
barrier function, such as loss of percutaneous epidermal
moisture and dry atopyic skin. The dorsal skin of diosme-
tin-treated hairless mice with induced AD-like skin lesions
showed decreases in epidermal thickness and TEWL, but an
increase in hydration of the skin.

We also investigated whether oral administration of dios-
min can improve AD symptoms. Oral administration of diosmin
to hairless mice with induced AD-like skin lesions with DNCB
demonstrated that the impaired skin barrier function was re-
stored, as evidenced by the improvement in changes in skin
moisture seen in AD. Histological changes have shown that
oral administration of diosmin accelerates recovery of the skin
barrier and immune hyperactivation by exerting reduced ef-
fects on the thickness of the epidermis and the levels of inva-
sive lymphocytes in the back skin.

The impairment of skin barrier function caused by skin
sensitization is characterized by over-activated cytokines of
helper T cells, leading to inflammatory skin disease. The ma-
jor cytokine that regulates overproduced IgE synthesis is IL-4,
which is considered an important biological marker of aller-
gic diseases such as AD and asthma. In this experiment, the
levels of IgE and IL-4 in plasma were significantly increased
in DNCB-induced AD hairless mice, and the levels were de-
creased in the diosmetin- and diosmin-treated groups.

In vitro, however, diosmin did not inhibit IL-4 mRNA overex-
pression in RBL-2H3 cells with PMA/ionomycin (PI), and only
diosmetin inhibited the mRNA expression of the IL-4 gene. Itis
thought that orally administered diosmin is converted to dios-
metin by pharmacokinetic metabolism in the body, which is ef-
fective in the treatment of AD and skin inflammatory diseases.

In vivo experiments in DNCB-induced AD hairless mice

Park etal. Diosmetin and Diosmin Improve Atopic Dermatitis

showed that oral administration of diosmetin improved AD.
Administration of diosmetin improved skin barrier function and
suppressed overexpression of plasma IgE and IL-4 in AD-like
lesion animal models. In addition, the animal models admin-
istered orally with diosmin have been shown to improve AD.
Diosmin’s AD-improving effect in these in vivo experiments is
thought to be evident, as diosmin is converted to diosmetin by
pharmacokinetic metabolism and is absorbed into the body.
Therefore, this study showed the effect of improving AD for
diosmetin, one of the metabolites of diosmin, but further study
for the effects of other metabolites of diosmin on AD also is
required.
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