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Summary

 

We examined the immunomodulatory effect of  

 

Eriobotrya japonica

 

 seed extract
(ESE) on rat allergic dermatitis elicited by repeated dinitrofluorobenzene (DNFB) application
on the ear. Oral administration of  ESE significantly inhibited development of  allergic derma-
titis based on lower ear thickness and serum immunoglobulin E (IgE) levels. Th1 cytokine
interferon-

 

�

 

 (IFN-

 

�

 

) and interleukin-2 (IL-2), Th2 cytokine interleukin-4 (IL-4) and inter-
leukin-10 (IL-10) in the lesional skin were determined. Oral administration of  ESE signifi-
cantly decreased IL-4 while significantly increasing IL-10 in lesional skin, and the lower
levels of  IFN-

 

�

 

 and IL-2 were reversed by oral administration of  ESE. The infiltration of  eosi-
nophils in the lesional skin was decreased by oral administration of  ESE. These results sug-
gested that ESE exerts anti-allergic actions by improving the balance of  Th1/Th2 in allergic
dermatitis.
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Eriobotrya japonica

 

 is native to China and Japan and is
well known as a kind of  delicious fruit. 

 

Eriobotrya japon-
ica 

 

seeds are used as a traditional Chinese herb to treat
edema. 

 

Eriobotrya japonica 

 

seeds contain amygdalin (

 

1

 

),
unsaturated fatty acids, such as linoleic acid and lino-
lenic acid, and plant sterols, such as 

 

�

 

-sitosterol, caffeic
acid, chlorogenic acid and various essential amino acids
(

 

2

 

).
We previously reported 

 

Eriobotrya japonica 

 

seed
extract (ESE) is a strong reactive oxygen species scaven-
ger (

 

2

 

) and effective for prevention and treatment of  dis-
orders, such as hepatopathy (

 

3

 

), nephropathy (

 

4

 

), type
2 diabetis (

 

5

 

), mucositis

 

 

 

(

 

6

 

), allergic contact dermatitis
(

 

7

 

), and inhibiting mast cell activation (

 

8

 

).
Itchiness and edema are symptoms that influence the

quality of  life of  patients with atopic dermatitis. Most
patients with atopic dermatitis have peripheral blood
eosinophilia and increased serum immunoglobulin (Ig)
E concentrations. The deviation of  the immune
response toward either the Th1 or Th2 pathway can
elicit a number of  pathologic conditions, such as Th2
deviation in allergic reactions and Th1 deviation in
organ-specific autoimmunity. Human atopic dermatitis
has a strong immune-mediate component and is
marked by increased activity levels of  Th2 cells and
their cytokine, interleukin-4 (IL-4), with fewer immu-
nomodulatory Th1 cells and their cytokines IL-2 and

gamma-interferon (IFN-

 

�

 

).
In this study, the allergic dermatitis rat animal model

was validated, and the immunomodulatory effect of  ESE
on the late phase of  allergic dermatitis was examined.

 

MATERIALS AND METHODS

 

Preparation of  extract. Eriobotrya japonica

 

 seed extract
was prepared as previously described (

 

7

 

,

 

 8

 

). In brief,

 

Eriobotrya japonica

 

 seeds were collected in Wakayama
and Kochi Prefectures and dried in sunlight. 

 

Eriobotrya
japonica

 

 seeds (1 kg) were powdered in a blender
equipped with a refrigerator at 1,000 rpm, and
extracted by stirring with a mixer at 300 rpm for 1 wk
after being dissolved in 70% ethanol. After filtration,
the supernatant was collected and evaporated under
vacuum to afford 130 g of  dried extract. The dried
extract was diluted in 1,000 mL water and the diluted
solution was stored in a refrigerator until being admin-
istered to animals.

 

Animals.

 

Male 6-wk-old Sprague-Dawley rats were
purchased from Japan SLC, Inc., Japan. The animals
were kept in a specific pathogen-free animal facility that
maintained a temperature of  19–25˚C, humidity of  30–
70% and a 12 h day/night cycle, and were given access
to pellet food and water. The experiments were con-
ducted in accordance with the Guiding Principles for
the Care and Use of  Laboratory Animals.

 

Sensitization and elicitation procedure.

 

The rats were
divided into three groups of  seven animals each: TheE-mail: skyotani@ph.bunri-u.ac.jp
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control group were sensitized with 1 mL saline solution
containing 10 

 

�

 

g dinitrophenyl (DNP)-Ovalbumin
(OVA) (DNP-OVA, Sigma Chemical Co., St Louis, MO,
USA) and 1 mg Al(OH)

 

3

 

) (Sigma) gel, given as an intra-
peritoneal injection (i.p.) on days 0, 7, 14. Twenty-one
days following the first sensitization, animals were chal-
lenged by applying 100 

 

�

 

L of  0.5% 2,4-dinitrofluo-
robenzene (DNFB, Wako Pure Chemical Industries,
Ltd., Osaka, Japan) solution in acetone : olive oil (4 : 1)
to both sides of  the right ear (50 

 

�

 

L on the dorsal side
and 50 

 

�

 

L on the ventral side) 2 times with a 3-d inter-
val. The ESE group were treated the same as the control
group rats but received ESE (10 mL/d rat) in drinking
water from 2 d before the first challenge to the end of
the experiment. The vehicle group was sham-sensitized
and received only 1 mg/mL Al(OH)

 

3

 

 suspended in 1 mL
saline (Fig. 1).

Ear thickness was measured 72 h after each chal-
lenge using a dial thickness gauge (Ozaki Seisakusho,
Tokyo, Japan) under light ether anesthesia. Changes in
ear thickness were expressed as mean ear thickness

 

�

 

SE.

 

Measurement of  serum IgE level.

 

After 72 h of  the
second DNFB challenge, blood samples were obtained
and centrifuged at 3,000

 

�

 

g

 

 for 30 min and stored at

 

�

 

80˚C until assay. Total serum IgE was measured using
an enzyme-linked immunosorbent assay (ELISA) kit
(Bethyl Laboratories, Inc). The serum samples (100 

 

�

 

L
10 to 50-fold diluted serum) were applied to each well.
The total serum IgE concentration in each well was esti-
mated using a standard sample from the manufac-
turer’s kit.

 

Measurement of  cytokines.

 

Amounts of  cytokines in
skin lesions were determined by ELISA. Skin biopsies
were cut into small pieces and homogenized vigorously
with a 30-fold volume of  PBS containing 0.05% Tween-
20, 100 

 

�

 

g/mL, and aprotinin 2 

 

�

 

g/mL. The homoge-
nates were frozen in nitrogen, thawed in a 37˚C water

bath, sonicated for 10 s, and centrifuged for 10 min at
12,000

 

�

 

g

 

. After the centrifugation, the supernatant
was subjected to ELISAs in accordance with the proto-
col provided by the manufacturer. Briefly, 100 

 

�

 

L
homogenized supernatants for IL-4, IL-10, and IFN-

 

�

 

(R&D Systems) were incubated with the monoclonal
capture antibody for 2 h at room temperature and then
washed five times. Polyclonal conjugated antibody was
added again and incubated for 2 h. It was then washed
and the substrate solution added for 30 min. The opti-
cal density at 450 nm was measured in an ELISA
microplate reader.

 

Demonstration of  eosinophil infiltrate in the skin by
immunohistochemistry.

 

In some experiments, ears were
excised at various times after the second challenge. Sam-
ples were fixed with 10% formalin for 1 h and embedded
in paraffin, and 4 

 

�

 

m fresh sections were deparaffinized
in xylene, and rehydrated through graded concentra-
tions of  ethanol. Eosinophils were stained using an
alkaline phosphatase antialkaline phosphatase method
as described previously (

 

9

 

).
The myelin basic protein (MBP) immunostaining to

detect eosinophils in tissue was performed. Slides were
incubated with a murine monoclonal IgG1 antibody
against the eosinophilic granule protein MBP (clone
BMK-13, MONOSAN, Netherlands) overnight at room
temperature in a humid chamber, and with an uncon-
jugated rabbit anti-mouse immunoglobulin secondary
antibody. Specific binding was revealed after 1 h incu-
bation with biotinylated goat anti-mouse IgG Ab (MP
Biomedicals, LLC, USA). After 30 min incubation with
alkaline phosphatase conjugated avidin (Rockland
Immunochemicals, Inc., USA), the slides were devel-
oped with alkaline phosphatase substrate (naphthol
phosphate, AppliChem), supplemented with Fast Red
(Sigma Chemical Co.) as a chromogen, and counter-
stained with hematoxylin. Individual inflammatory cell
types were counted in 4–8 high-power fields (HPFs) at

 

�

 

200 and expressed as cells per HPF, with mean and SE
calculated.

 

Statistical analysis.

 

Descriptive data are expressed as
mean

 

�

 

SE. Groups were compared by a one-way
ANOVA with post hoc analyses for pairwise compari-
sons (ANOVA) and linearity. Statistical significance was
inferred at a two-sided value of  

 

p

 

�

 

0.05 (

 

t

 

-test).

 

RESULTS

 

The effects of  ESE on ear swelling

 

The ear swelling change in DNFB-induced rat ear
dermatitis is shown in Fig. 2. DNFB applied to the ear of
sensitized mice caused immediate type dermatitis with
ear thickness increasing after 15 min. In order to inves-
tigate the effect of  ESE on the late phase of  immediate
type response of  allergic dermatitis, the ear thickness
was determined at 72 h after each DNFB challenge. The
time course of  ear swelling response showed that
administration of  ESE suppressed the ear swelling of
immediate response and alleviated the ear thickness by
15.2% in the first challenge and 32.5% in the second
challenge, respectively, compared with the control

 

Fig. 1. Sensitization and elicitation procedure. Control
group were sensitized with 1 mL saline solution con-
taining 10 

 

�

 

g dinitrophenyl (DNP)-Ovalbumin (OVA)
and 1 mg Al(OH)

 

3

 

) gel, given as an intraperitoneal
injection (i.p.) on days 0, 7, 14. Twenty-one days fol-
lowing first sensitization, animals were challenged by
applying 100 

 

�

 

L of  0.5% 2,4-dinitrofluorobenzene
(DNFB) solution in acetone : olive oil (4 : 1) to both
sides of  the right ear (50 

 

�

 

L on the dorsal side and
50 

 

�

 

L on the ventral side) 2 times with 3-d interval.
The ESE group were treated the same as the control
group rats but received ESE (10 mL/d rat) in drinking
water from 2 d before the first challenge to the end of
the experiment. The vehicle group was sham-sensitized
and received only 1 mg/mL Al(OH)

 

3

 

 suspended in 1 mL
saline.
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Fig. 2. The effects of  ESE on ear swelling. Rats were sen-
sitized with 1 mL saline solution containing DNP-OVA
(10 

 

�

 

g) and Al(OH)

 

3

 

 (1 mg), given as an intraperito-
neal injection on days 0, 7, 14. Twenty-one days fol-
lowing sensitization, rats were challenged with 100 

 

�

 

L
acetone/olive oil (4 : 1) containing 0.5% DNFB to the
two sides of  the right ear at 3-d intervals two times. Ear
thickness was measured at 72 h after DNFB challenge.
Values are expressed as the mean

 

�

 

SE of  seven animals.
*

 

p

 

�

 

0.05, compared with the control value (Student’s

 

t

 

-test).

 

Fig. 4. A: The effects of  ESE on eosinophil number in lesional skin

 

. 

 

Rats were sensitized with 1 mL saline solution containing
DNP-OVA (10 

 

�

 

g) and Al(OH)

 

3

 

 (1 mg), given as an intraperitoneal injection on days 0, 7, 14. Twenty-one days following
sensitization, rats were challenged with 100 

 

�

 

L acetone/olive oil (4 : 1) containing 0.5% DNFB to the two sides of  the right
ear at 3-d intervals two times. After 72 h of  the second challenge, ears were excised and subjected to immunohistology. Indi-
vidual inflammatory cell types were counted in 4–8 high-power fields (HPFs) at 

 

�

 

200 and expressed as cells per HPF, with
mean

 

�

 

SE calculated. B: The representation of  immunohistology staining of  eosinophils in lesional skin. (a) Vehicle; less
infiltration of  eosinophils was observed. (b) Control; infiltration of  eosinophils was observed. (c) ESE; ESE inhibited eosino-
phil infiltration when orally administered beginning 2 d before the first DNFB challenge. Magnification: 

 

�

 

200.

A

B

 

Fig. 3. The effects of  ESE on serum IgE level. Rats were
sensitized with 1 mL saline solution containing DNP-
OVA (10 

 

�

 

g) and Al(OH)

 

3

 

 (1 mg), given as an intraperi-
toneal injection on days 0, 7, 14. Twenty-one days fol-
lowing sensitization, rats were challenged with 100 

 

�

 

L
acetone/olive oil (4 : 1) containing 0.5% DNFB to the
two sides of  the right ear at 3-d intervals two times.
After 72 h of  the second DNFB challenge, blood was
obtained and serum IgE level was determined with
ELISA. Values are expressed as the mean

 

�

 

SE of  seven
animals. *

 

p

 

�

 

0.05, compared with the control value
(Student’s 

 

t

 

-test).
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group. 

 

The effects of  ESE on serum IgE level 

 

After 72 h of  the second DNFB challenge, blood was
obtained and centrifuged at 5,000 rpm for 30 min; the
serum IgE level was determined with ELISA. Serum IgE
level in the ESE group (172.5

 

�

 

96.1 ng/mL) decreased
significantly compared to the control group (629.5

 

�

 

217.0 ng/mL) (

 

p

 

�

 

0.05) (Fig. 3). 

 

The effects of  ESE on the levels of  IL-10, IL-4, IL-2 and
IFN-

 

�

 

After 72 h of  the second DNFB challenge, skin biop-
sies were homogenized and centrifuged at 12,000

 

�

 

g

 

for 10 min and subjected to ELISA for IL-10 and IL-4.
ESE administration significantly increased the levels of
IL-10 in ESE-treated group compared with the vehicle
group and control group, but no difference between the
vehicle group and control group was found. ESE admin-
istration significantly inhibited the levels of  IL-4 in the
ESE-treated group compared with the control group
(Table 1). The levels of  IFN-

 

� 

 

and IL-2 protein in derma-
titis tissue showed a similar pattern, Although the IFN-

 

�

 

 levels of  the control group decreased in comparison
with the vehicle group, ESE administration increased
IFN-

 

�

 

 production; the production of  IL-2 in the ESE
group was also slightly higher than that of  the control
group (Table 1).

 

The effects of  ESE on the infiltration of  eosinophil in lesional
skin 

 

To identify the inflammatory cells infiltrating the der-
mis of  lesional skin, eosinophils were stained by the
immunostain technique using antibodies against MBP.
Orally administering ESE decreased the infiltration of
eosinophils (Fig. 4).

 

DISCUSSION

 

In a previous report, we clarified the main compo-
nents of  ESE and investigated the antioxidative action
(

 

2

 

,

 

 6

 

);

 

 

 

we also clarified that ESE was useful for the
improvement of  allergic diseases (

 

7

 

,

 

 8

 

) and nephropa-
thy (

 

4

 

) in a rat model, but immunomodulatory effects
on allergy diseases are still unclear.

In previous study, rats were sensitized with DNFB
application on the abdomen. Allergic dermatitis was
elicited by repeated application of  DNFB five times. Ear
swelling appearel as an immediate response followed by
a late phase response (

 

7

 

). 

We are also interested in an allergic dermatitis model
procedure in a previous report (

 

10

 

). In this study, SD
rats were actively sensitized with dinitrophenol (DNP)-
ovalbumin (OVA) intraperitoneally. Serum IgE levels
increased with DNP-OVA immunized at this stage (data
not shown). After the DNFB challenge, ear swelling
appeared as an immediate response followed by a late
phase response from the first challenge.

In order to explain the improving effects of  ESE on the
contact dermatitis, the serum immunoglobulin E and
cytokines in lesional skin were measured. The immuno-
globulin E level was significantly inhibited by oral ESE
administration, and a vast majority of  patients with
atopic dermatitis exhibit hyperproduction of  immuno-
globulin E, particularly during disease onset or flare.
Immunoglobulin E-dependent late-phase reactions may
influence the chronic inflammation response in atopic
dermatitis (

 

11

 

). The allergic dermatitis improving func-
tion may be established as one of  the effects of  ESE on
allergic dermatitis. 

ESE administration significantly reduced the levels of
the anti-inflammatory cytokine IL-4, and increased the
production of  the anti-inflammatory IL-10 in lesional
skin. It also has been reported that IL-10 is a natural
suppressant of  irritant and of  chronic hypersensitivity
responses, and hence limits immune-mediated damage
in the skin. Mouse models with IL-10 deficiencies dis-
play exaggerated chronic hypersensitivity responses
and more extensive immunopathologic cutaneous dam-
age (

 

12

 

–

 

15

 

). Intradermal administration of  IL-10
before challenge can inhibit the elicitation stage of  aller-
gic contact dermatitis. It is interesting that we got a
similar result in a rat model. These observations and
our results suggest that therapeutic manipulation of  IL-
10 production could be a part that ESE plays in the
treatment of  allergic contact dermatitis.

It is noteworthy that the IL-4 concentration in
inflamed tissue was significantly reduced by oral
administration of  ESE, whereas no significant changes
in IFN-

 

�

 

 concentration were observed. Evidence exists
that the Th1 and Th2 types of  immune response are
reciprocally regulated in vivo (

 

16–18). IFN-�, which is
mainly produced by Th1 cells, especially inhibits the
proliferation of  Th2 cells and their IL-4 production (19,
20). These results suggest that the inhibitory effect of
ESE on IL-4 production was not due to Th1 activation,

Table. 1. Effects of  Eriobotrya japonica seed extract on cytokines in lesional skin.

Vehicle Control ESE

IL-10 (pg/mg protein) 40.7�1.5 44.1�4.0 66.8�8.0*
IL-4 (pg/mg protein) 1,579.7�481.8 3,378.9�785.4 1,223.9�199.4*
IFN-� (pg/mg protein) 2,985.1�308.4 2,660.0�102.  3,255.4�218.8
IL-2 (pg/mg protein) 985.4�61.1 917.9�37.7 958.4�62.6

Rats were sensitized with 1 mL saline solution containing DNP-OVA (10 �g) and Al(OH)3 (1 mg), given as an intraperito-
neal injection on days 0, 7, 14. Twenty-one days following sensitization, rats were challenged with 100 �L acetone/olive oil
(4 : 1) containing 0.5% DNFB to the two sides of  the right ear at 3-d intervals two times. After 72 h of  the second challenge,
ears were excised and subjected to cytokine determination. Values are expressed as the mean�SE of  seven animals.
* p�0.05, compared with the control value (Student’s t-test).
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but it is possible that oral administration of  ESE might
directly inhibit IL-4 production, and increase IL-10 pro-
duction.

The infiltration of  eosinophils in the lesional skin in
atopic dermatitis has been well established. A correla-
tion between eosinophilia and the degree of  spongiosis
has been noticed in acute dermatitis or acute exacerba-
tions of  chronic atopic dermatitis (21). This suggests
that the immunomodulatory effects of  ESE on alleviat-
ing the symptom of  the allergic dermatitis may be
through inhibiting the eosinophil infiltration into the
lesional skin.

In summary, the suppression of  the hypersensitivity
reaction together with reduction of  IgE and IL-4 pro-
duction and increase of  IL-10 may explain our findings
that ESE may serve as a dietary supplementation for the
immunomodulation of  allergic disease. Further study
for other cytokines from lymphocytes and antigen-pre-
senting cells will enhance our understanding the mech-
anism of  the anti-allergic activities of  ESE.
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