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Electro-Acupuncture at Zusanli Acupoint (ST36) Suppresses
Inflammation in Allergic Contact Dermatitis Via Triggering
Local IL-10 Production and Inhibiting p38 MAPK Activation

ZhigangWang,1 Tao Yi,2 Man Long,3 Yisen Gao,3 Chunhao Cao,3 Chenwei Huang,3 QianWang,1

Nina Yin,4,5,6 and Zebin Chen5,6

Abstract— Acupuncture has shown beneficial effect in the treatment of multiple derma-
tologic conditions including dermatitis, pruritus, urticaria, and hyperhidrosis; however, the
detailed mechanisms are still kept unclear. This study aimed to investigate if electro-
acupuncture (EA) treatment prevents 2,4-dinitrofluorobenzene (DNFB)-induced allergic
contact dermatitis (ACD) in rats and explore its underlying mechanisms. ACD was induced
by sensitizing and challenging with DNFB topically. Rats were treated daily following
bilateral subcutaneous stimulation of EA at Zusanli acupoint (ST36) for 1 week. Ear swelling
and serum IgE levels were measured. The ear biopsies were obtained for histology. Inflam-
matory cytokines on the dermatological ear and local acupoint tissue were assayed. Spleen
lymphocytes and the homogenized supernatant of local acupuncture area were used to co-
culture for flow cytology and immune analysis, respectively. EA treatment at ST36 notably
inhibited ear swelling and inflammatory cell infiltration on DNFB-induced ACD. EA also
decreased serum IgE concentrations and alleviated the production of inflammatory cytokines
in dermatological ear. Additionally, EA treatment attenuated the percentage of CD4+IFN-γ+
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and CD4+IL-4+ T cells associated with ACD. Interestingly, secretion of interleukin (IL)-10 in
the local acupoint tissue following EA stimulation was increased and showed suppressive
function when co-cultured with the spleen lymphocytes from DNFB group. Lastly, EA
treatment demonstrably suppressed p38MAPK activation in DNFB-treated rats. Our findings
suggest that EA treatment at ST36 may ameliorate inflammation associated with DNFB-
induced ACD via triggering local IL-10 production and inhibiting p38 MAPK activation,
which provide an alternative and promising therapy for ACD.
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INTRODUCTION

Allergic contact dermatitis (ACD), characterized pre-
dominantly by erythema, edema, papules, and vesicles,
followed by scaling and dryness, is a T cell-mediated
delayed type hypersensitivity caused by skin repeated ex-
posure to the haptens, such as 2,4-dinitrofluorobenzene
(DNFB) [1]. Generally, ACD develops in two distinct
phases, i.e., sensitization and challenge (elicitation) phase.
In the sensitization phase, a hapten is taken up and intaken
to form immunogenic hapten-carrier complexes via bind-
ing to an endogenous protein in the skin. The hapten-
carrier complex is uptaken and recognized by resident
Langerhans cells and dermal dendritic cells (DCs). Then,
they migrate to draining lymph nodes and present the
haptenated peptides to naïve T cells which are subsequent-
ly activated. In the challenge (elicitation) phase, the hapten-
specific effector T cells are activated by the repeated expo-
sure of the skin to the same hapten, which induces tissue
damage through the release of pro-inflammatory cytokines
and by killing hapten-loaded keratinocytes [2]. Following a
better understanding of the cellular and immune mecha-
nisms on ACD, the different potential therapeutic
approaches have been shown, including anti-inflammatory
strategies, methods interfering with cell migration, and in-
duction of the immune balance [3].

Up to now, many studies have indicated the therapeu-
tic effects of acupuncture as a complementary medicine on
dermatologic diseases such as pruritus, atopic dermatitis,
urticaria, and herpes zoster [4–7]. As a crucial composition
of traditional Chinese medicine, acupuncture is becoming
accepted and popular alternative medical treatment in
many Western countries [8]. Based on the ancient oriental
medical theory of BQi^ and BXue,^ acupuncture acts
through inserting and stimulating acupoints with thin nee-
dles, wherein it locates on specific body sites following the
meridian [9]. In several studies, acupuncture has been
shown to reduce experimental itch, allergen-induced baso-
phil activation, and eczema in atopic dermatitis. Also, the

therapeutic efficacy of acupuncture in the treatment of
atopic dermatitis has been proven in some clinical studies;
however, its mechanisms of action remain poorly under-
stood [10–13].

Electro-acupuncture (EA) is an improved technique
of acupuncture stimulated with an intermittent or continu-
ous low-voltage electrical current according to its practical
application. Increasing evidence has shown its beneficial
effects of EA intervention at Zusanli acupoint (ST36) on
allergic disorders, such as asthma, chronic urticaria, and
allergic rhinitis, and inflammatory diseases, such as exper-
imental allergic encephalomyelitis, inflammatory bowel
disease, and rheumatoid arthritis [4, 14–18]. Recent study
reported that high-frequency EA alleviated pruritus of
atopic dermatitis-like lesions in rats induced by capsaicin
injection via the release of dynorphin [19]. However, the
mechanisms underlying the local and systemic effects of
EA treatment kept unclear and were needed to further
elucidate.

In the present study, we investigated the effects of EA
at Zusanli acupoint (ST36) on DNFB-induced ACD in rats
and explored the molecular mechanisms involved in the
therapeutic effect of EA treatment. Our results indicated
that EA treatment reduced inflammation and suppressed
DNFB-induced ACD via triggering local IL-10 production
and inhibiting p38 MAPK activation, which afforded a
new insight into the orchestration of the cellular and im-
mune response for EA treatment on ACD.

MATERIALS AND METHODS

Animals

Male 8-week-old Sprague-Dawley rats were pur-
chased from the Laboratory Animal Services Center of
Tongji Medical College, Huazhong University of Science
and Technology (Wuhan, China), and housed in specific
pathogen-free conditions. All experiments were approved
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by the Animal Care and Use Committee of Hubei Univer-
sity of Chinese Medicine (No. SYXK2012-0067) and per-
formed according to the international ethical guidelines
and National Institutes of Health Guide concerning the
Care and Use of Laboratory Animals.

Groups

A schematic of the experimental procedure is shown
in Fig. 1a. The rats were randomly divided into four
groups: group I (control) not immunized (n = 8); group II
(DNFB) untreated, sensitized, and challenged with DNFB
for allergic contact dermatitis (n = 8); group III
(EA + DNFB) electro-acupuncture (EA) treatment at bilat-
eral Zusanli acupoint (ST36) for continuous 1 week, sen-
sitized and challenged with DNFB (n = 8); group IV
(sham + DNFB) EA treatment at a non-acupoint following
the same stimulation as group III, sensitized and chal-
lenged with DNFB (n = 8).

Zusanli Acupoint (ST36) and Sham Acupoint

Zusanli acupoint ST36 is located 5 mm below the
fibular head and lateral to the anterior tubercle of the tibia.
Electrical stimulation was applied to bilateral ST36 via two
needles with a Hans Acupoint Nerve Stimulator (HANS,
Beijing, China). The needles (length 3.0 cm, diameter
0.20 mm) (Suzhou Medical Appliance Factory, Suzhou,
China) were inserted perpendicular to the skin, 5 mm from
each other, and about 5 mm to one side of the anterior tibial
muscle. The non-acupoint (sham acupoint) localized 5 mm
below the Zusanli acupoint. For group IV, EAwas applied
to bilateral non-acupoint with the same treatment as
Zusanli acupoint, including needle insertion and electrical
stimulation.

EATreatment

The intensity of EA stimulation was determined to be
the minimum voltage that caused moderate muscle con-
traction, and the following stimulus parameters were se-
lected: a continuouswave at 2 Hz and 1mA for 5min, 2 Hz
and 1.5 mA for 5 min, and 2 Hz and 2 mA for 20 min. EA
stimulation was repeated for 7 consecutive days following
experimental protocol between EA + DNFB group and
sham + DNFB group.

2,4-Dinitrofluorobenzene-Induced Allergic Contact
Dermatitis

Allergic contact dermatitis was induced by chal-
lenging the ear of previously sensitized rats with 2,4-

dinitrofluorobenzene (DNFB) (Sigma-Aldrich, St.
Louis, MO, USA). Briefly, rats were sensitized by
applying 25 μl 0.5% DNFB (acetone/olive oil = 4:1)
topically on shaved hind flank on day 0. On day 7,
sensitized rats were challenged with 10-μl 0.2% DNFB
on the left ear. An identical volume of acetone/olive oil
was painted on the right ear. The ear swelling test was
used to measure DNFB-induced allergic contact
dermatitis.

Ear Swelling Assay

Ear thicknesses were measured in a blinded fashion
by comparing challenged (left) and unchallenged (right)
ears using a thickness gauge (Digimatic caliper, Mitutoyo,
Japan) at 24 h after the challenge. The magnitude of
DNFB-induced contact dermatitis was determined as fol-
lows: ear swelling = thickness of DNFB-challenged ear
(left) − thickness of unchallenged ear (right). The rats were
then sacrificed, and their serum samples, spleens, ears, and
local acupoint tissue were harvested for further
experimentation.

Histological Analysis

The left ear was removed and fixed in 4% parafor-
maldehyde (PFA) (Sigma-Aldrich). Fixed tissues were em-
bedded in paraffin for 24 h and serially sectioned to a
thickness of 5 μm for histological analysis. Tissue sections
were stained with hematoxylin and eosin (H&E) and ex-
amined for general morphology. Pictures were captured
using a Nikon Eclipse Ti-S microscope (Nikon, Tokyo,
Japan). All sections were randomized and evaluated in a
blinded fashion.

Analysis of IgE Production in Serum

Total serum IgE levels were measured by enzyme-
linked immunosorbent assay (ELISA). Blood samples
were collected 24 h after the last application of DNFB
and IgE concentrations in serum was quantified using IgE
ELISA kit (BD Pharmingen, San Diego, CA, USA)
according to the manufacturer’s instruction.

Measurement of Cytokine Production

Cytokine levels were determined by ELISA. Ear
samples and local acupoint tissue (about 1 × 1 cm) were
weighed (100 mg) and homogenized in 1 ml of tissue
protein extraction reagent containing a protease inhibitor
cocktail (Pierce, Rockford, IL, USA), respectively. Homo-
genates were then centrifuged at 12000×g for 15 min at
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4 °C to obtain the supernatant. Cytokine levels of IFN-γ,
TNF-α, IL-1β, IL-4, IL-5, TGF-β1, and IL-10 were deter-
mined by ELISA analysis (R&D systems, Minneapolis,
MN, USA) using a micro-plate reader (Thermo Scientific,
Waltham, MA, USA). All experiments were done in
triplicate.

Preparation of Spleen Lymphocytes

Spleen lymphocytes were isolated by density gradient
centrifugation (2000 rpm/min for 30 min) (Ficoll-Hypaque
density 1.077 g/ml) (Sigma-Aldrich) and incubated over-
night at 37 °C in complete RPMI-1640 medium containing
10% fetal bovine serum and antibiotics (100 units/ml

Fig. 1. EA treatment at Zusanli acupoint attenuates DNFB-induced ACD in rats. a Experimental schedule for the induction of allergic contact dermatitis by
DNFB administration and EA treatment. b Photographs of ear swelling and c ear thickness increment were shown in rat model of DNFB-induced ACDwith
or without EA treatment. d Effects of EA treatment on serum IgE levels. a+: control, b+: DNFB-induced ACD, c+: EA + DNFB, d+: sham + DNFB. Data
are presented as mean ± SD (n = 8) (*P < 0.05).
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streptomycin and penicillin) (Gibco, Grand Island, NY,
USA). Next day, non-adherent cells were harvested for
spleen lymphocytes.

Flow Cytometry Analysis

Spleen lymphocytes were prepared and stained with
the following anti-rat antibodies: anti-CD3-FITC (clone
IF4) (Biolegend, San Diego, CA, USA), anti-IFN-γ-PE
(clone DB-1) (Biolegend), anti-IL-4-PE (clone OX-81)
(Biolegend), and anti-CD4-PE-Cy5 (clone OX-35) (BD
PharMingen, San Diego, CA, USA). For intracellular
staining, cells were stimulated for 5 h with 1 μg/mL
ionomycin and 50 ng/mL phorbol myristate acetate
(PMA) in the presence of Brefeldin A (Golgistop, Biole-
gend). After staining with antibodies against surface
markers, cells were fixed with IC Fixation Buffer (Biol-
egend), permeabilized using 1× Permeabilization Buffer
(Biolegend), and finally incubated with antibodies against
intracellular cytokines. Lastly, the cells were analyzed on a
FACS LSRII system (BD Bioscience, San Diego, CA,
USA).

Immunofluorescent Staining

We performed immunofluorescent staining to evalu-
ate IL-10 co-localization and macrophages (F4/80). The
sections fixed by 4% PFAwere washed 3 times with PBS.
The slides were simultaneously incubated with the primary
antibodies anti-IL-10 (Abcam, Cambridge, MA, USA) and
anti-F4/80 (Abcam). For labeling, the primary antibodies
were detected with FITC-conjugated secondary antibody
(Invitrogen) and Cy3-conjugated secondary (Invitrogen).
Lastly, the sections were stained with DAPI (Invitrogen)
and examined under a fluorescence microscope (Olympus
BX50, Tokyo, Japan). IL-10 positive macrophages were
counted in six randomly selected non-overlapping areas of
per high-power field and represented as the percentage of
100 macrophages per slides.

IFN-γ Enzyme-Linked Immunospot Assay

We performed enzyme-linked immunospot
(ELISPOT) experiments by using a rat IFN-γ ELISPOT
kit (BD Biosciences) following the manufacturer’s proto-
col. Spleen lymphocytes (5 × 105 cells) isolated from the
rat with DNFB-induced contact dermatitis (group II) were
prepared and cultured in well with or without the superna-
tant obtained from the rat following EA treatment at acu-
point ST36 (group III), respectively. After incubation at
37 °C for 24 h, the number of IFN-γ spot-forming cells

were visualized and counted using an automated ELISPOT
plate reader (CTL ImmunoSpot S5 Core Analyzer; Cellu-
lar Technology, Ltd., Shaker Heights, OH, USA), then
analyzed with CTL Version 4.0 Academic Software (Cel-
lular Technology Ltd.). Blocking studies were performed
by detecting secreted IFN-γ in the presence of neutralizing
antibodies against IL-10 (0.5 μg/ml) (Abcam).

Western Blot Analysis

Spleen lymphocytes were obtained and lyzed with
lysis buffer containing 1 mM PMSF and a cocktail of
protease and phosphatase inhibitors (Cell Signaling Tech-
nology Inc., Beverly, Massachusetts, USA). The superna-
tants were analyzed for protein concentration using a BCA
Protein Assay kit (Pierce, Rockford, IL, USA). Proteins
were separated by electrophoresis and then transferred onto
polyvinylidene fluoride (PVDF). After being blocked with
5% skimmilk, membranes were incubated with the desired
primary rabbit anti-rat antibodies against p-ERK, p-p38, p-
JNK, or GAPDH (Santa Cruz Biotechnology Inc., Santa
Cruz, CA, USA) overnight at 4 °C and then incubated with
the appropriate HRP-conjugated goat anti-rabbit secondary
antibody (Santa Cruz). The membranes were visualized by
enhanced chemiluminescence detection (HP Scanjet
7400C) (Hewlett-Packard Co., Palo Alto, CA, USA). Op-
tical density for each band was assessed using ImageJ
analysis software (National Institutes of Health, Bethesda,
MD, USA). Sample loading was normalized by quantities
of GAPDH detected parallel.

Statistical Analysis

Results were presented as the mean ± standard devi-
ation (SD). Data were analyzed with SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA). Significance was assessed
by unpaired two-tailed Student’s t test or analysis of vari-
ance (ANOVA). P < 0.05 was considered to indicate a
statistically significant difference.

RESULTS

EATreatment Attenuates the Allergic Progression of
DNFB-Induced ACD

Firstly, we investigated the effects of EA treatment at
ST36 on the allergic progression of DNFB-induced ACD.
Following the experimental schedule, ear swelling incre-
ment was used to assay the severity of the allergic reactions
(Fig. 1a, b). As shown in Fig. 1c, DNFB challenge on day 7
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induced a significant amplification in ear swelling com-
pared with control. In comparison to DNFB-induced con-
tact hypersensitivity, EA treatment at ST36 led to an incre-
mental decline in ear thickness. In addition, EA treatment
also significantly inhibited IgE levels in serum (Fig. 1d),
suggesting the anti-allergic effect of EA on DNFB-induced
ACD in rats.

EATreatment Inhibits DNFB-Induced Inflammatory
Cell Infiltration in the Ear Skin

Next, we observed the inflammatory cell infiltration
in dermis of the ear skin. As shown in Fig. 2a, DNFB-
challenge incurred significant infiltration of the inflamma-
tory cells into the ear dermis. Conversely, EA treatment
evidently inhibited increment in thickness of the ear epi-
dermis caused by DNFB application and suppressed the
number of inflammatory cells recruited to the ear dermis
(Fig. 2b, c).

EATreatment Ameliorates Inflammation Associated
with DNFB-Induced ACD

We further investigated the effect of EA at ST36 on
the production of inflammatory cytokines in the ear skin.
Interestingly, the levels of Th1-type cytokines, such as
IFN-γ, TNF-α, and IL-1β, were found to be highly de-
creased on homogenate supernatant of the ear skin follow-
ing EA treatment compared with those without EA inter-
vention (Fig. 3a–c). Simultaneously, classic Th2-type cyto-
kines such as IL-4 and IL-5, but not IL-10, showed the
same declining trend following EA treatment (Fig. 3d–f).

EA Plays an Immunoregulatory Role on DNFB-
Induced ACD

To clarify the possible immunological mechanisms
involved in the protective effect of EA treatment on
DNFB-induced ACD, we examined the change of CD4+

T cells by FACS. In comparison to control, DNFB

Fig. 2. EA treatment decreases inflammatory cell infiltration of ears from the rats with DNFB-induced ACD. a Histological changes and inflammatory cell
infiltration in DNFB-challenged ears with or without EA treatment. Ears obtained from different groups were stained using hematoxylin and eosin (H&E),
×100 (up) and ×400 (down). b The ear swelling and c inflammatory cell densities in the dermis were statistically analyzed, respectively. Data are presented as
mean ± SD (n = 8) (*P < 0.05).

Zhigang Wang, Tao Yi, Man Long, Yisen Gao, Chunhao Cao, Chenwei Huang, Qian Wang, Nina Yin, and Zebin Chen



application induced a significant increment of the
percentage of CD4+IFN-γ+ and CD4+IL-4+ T cells
(Fig. 4a, c). In line with the above results, EA at ST36
obviously curbed the immune activation of CD4+ T cells
on DNFB-induced ACD (Fig. 4b, d). These results sug-
gested that EA treatment at ST36 may play an immunoreg-
ulatory role to suppress CD4+ T cell activation, eventually
resulting in reduction in the levels of intracellular factors
including IFN-γ and IL-4.

EATreatment at ST36 Increases IL-10 Production of
Local Acupoint on DNFB-Induced ACD

As shown in Fig. 5, DNFB administration induced
cytokine production on homogenate supernatant of local
Zusanli acupoint, including IFN-γ, IL-4, TGF-β1, and IL-
10. Consistent with the previous results, EA treatment
markedly restricted pro-inflammation cytokine secretion
such as IFN-γ, compared with those on DNFB-induced
ACD without EA intervention (Fig. 5a). However, there
were no significant differences in the IL-4 and TGF-β1
production between two groups (Fig. 5b, c). Importantly,

EA treatment at ST36 increased IL-10 production of local
acupoint (Fig. 5d).

Furthermore, the homogenate supernatant from local
Zusanli acupoint with EA treatment showed inhibitive
function when co-cultured with T cells isolated from rats
with single DNFB administration. Interestingly, neutraliz-
ing anti-IL-10 antibody (0.5 μg/ml) could reverse the in-
hibitive effect of the homogenate supernatant from rats
with EA treatment at ST36 according to ELISPOT assay
(Fig. 6), suggesting that EA executed its immunoregulato-
ry role associated with local IL-10 production.

Macrophages Contribute to IL-10 Production of Local
Acupoint Following EATreatment.

Next, we explored which cell subtype contributes to
the local IL-10 production. Representative immunolabeling
staining of local acupoint tissues indicated that the number
of IL-10 positive cells co-localized with macrophages, iden-
tified by its antigen marker F4/80, showed no difference
between the DNFB and sham + DNFB group (Fig. 7a).
However, EA treatment significantly increased IL-10

Fig. 3. EA treatment reduces inflammatory cytokine production of ears from the rats with DNFB-induced ACD. The levels of Th1-type cytokines including
a IFN-γ, b TNF-α, and c IL-1β, and Th2-type cytokines including d IL-4, e IL-5, and f IL-10 in the ears of rats were measured by ELISA and statistically
analyzed, respectively. All experiments were done in triplicate. Data are presented as mean ± SD (n = 8) (*P < 0.05 and **P < 0.01).
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production of macrophages (IL-10+F4/80+ macrophages)
(Fig. 7b), suggesting that macrophages contributed to IL-
10 production of local acupoint following EA treatment.

Inhibition of p38 MAPK Signaling Was Involved in Its
Anti-ACD Effect of EATreatment at ST36

To determine the details of the molecular mecha-
nisms, we detected protein expression of the MAPK sig-
naling pathway including p-ERK, p-JNK, and p-p38 by
Western blotting. In comparison to control group, DNFB
administration increased protein expression of p-ERK, p-
JNK, and p-p38 (Fig. 8a). However, it was worth noting
that only p-p38 expression was mediated in response to EA
treatment at ST36, but not p-ERK and p-JNK (Fig. 8b).

Lastly, different signaling inhibitors including
SB203580, PD98059, and SP600125 were used, respec-
tively. Considerably, p38 inhibitor SB203580 could defi-
nitely abrogate the suppressive effect prompted by EA
treatment at ST36, leading to the improved frequency of
IFN-γ positive spots, but not ERK inhibitor (PD98059) or
JNK inhibitor (SP600125) (Fig. 9).

DISCUSSION

This study was designed to investigate the anti-ACD
effect of EA treatment at Zusanli acupoint (ST36). EA
treatment reduced allergy and inflammation associated
with ACD induced by DNFB, which attributed to IL-10
production in the local acupoint and inhibition of p38
MAPK activation. These findings suggest that EA stimu-
lation can be used as an alternative and promising therapy
on patients with allergic skin diseases such as ACD or
atopic dermatitis.

As we all know, ACD is defined as a hapten-specific
T cell-mediated delayed-type hypersensitivity, which is
induced by an allergic reaction to some chemical (hapten)
in contact with the skin. The allergic condition causes
itching and inflammation of the skinmanifested by varying
degrees of erythema, edema, and vesiculation [20]. DNFB
is a well-known hapten for its ability to cause allergic
inflammation in ACD, which was reported to elevate Th1
response but after repeated exposure can shift from the Th1
to the Th2 response or mixed response [21, 22]. In this
study, sensitization of dorsal skin with the repeated topical

Fig. 4. EA treatment inhibits inflammation associated with DNFB-induced ACD. a Representative FACS plots for CD4+IFN-γ+ and c CD4+IL-4+ Tcells in
spleens from the rats of different group, respectively. b, d Statistical analysis of the percentage of CD4+IFN-γ+ and CD4+IL-4+ Tcells, respectively. Data are
presented as mean ± SD (n = 8) (*P < 0.05 and **P < 0.01).
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application of DNFB and subsequent challenge of the ear
resulted in ear swelling within 24 h, ear inflammation, the
elevated levels of IgE in serum and allergic inflammation.
EA treatment reduced erythema and edema of ear, serum
IgE levels (Fig. 1), and inflammatory cell infiltration
(Fig. 2). Additionally, EA treatment also attenuated the
allergic inflammation of ear tissue, where Th1- and Th2-
type cytokines were inhibited, including IFN-γ, TNF-α,
IL-1β, IL-4, and IL-5, but not IL-10 (Fig. 3). These find-
ings suggested that EA treatment effectively ameliorated
allergic inflammation of ACD induced by DNFB. Further,
we observed the change of CD4+IFN-γ+ and CD4+IL-4+ T
cells in spleen following EA intervention, which
contributed to the systemic inflammatory response to
indicate the effect of EA treatment at ST36 acupoint.
Decreasing IFN-γ and IL-4 production of T cells (Fig. 4),
biomarker of Th1 and Th2, strongly suggested the anti-
allergic and anti-inflammatory effects of EA treatment on

Fig. 5. Cytokine change in homogenate supernatant of local acupuncture area (ST36). The levels of cytokines, including a IFN-γ, b IL-4, c TGF-β1, and d
IL-10, in homogenate supernatant of local acupuncture area (ST36), were measured by ELISA and statistically analyzed, respectively. All experiments were
done in triplicate. Data are presented as mean ± SD (n = 8) (*P < 0.05).

Fig. 6. IL-10 is involved in anti-ACD effect of EA stimulation. Spleen
lymphocytes (1 × 105 cells/well) from rats with DNFB-induced ACDwere
obtained and co-cultured with 100 μl homogenate supernatant of acupoint
ST36 in the presence or absence of IL-10 antibody (0.5 μg/ml) for 24 h.
Then, the IFN-γ ELISPOT assays were performed in duplicate for detect-
ing the number of IFN-γ+ cells. Data are presented as mean ± SD (n = 3)
(**P < 0.01).
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ACD. A recent study also showed the effects of high-
frequency EA at six acupoints, including bilateral Feishu
(BL13), unilateral (right) Quchi (LI11), unilateral (left)
Zusanli (ST36), Xuehai (SP10), and Sanyinjiao (SP6), on
capsaicin-induced model of atopic dermatitis in rats. The
finding indicated that EA treatment induced significant
change in the dermatitis score and no significant difference
in other indicator, whichwas associatedwith the dynorphin
secretion [19]. The study emphasized the anti-
inflammatory of EA stimulation via evoking neurological
changes rather than immunological and histological
changes. Conversely, our study focused on the immune
response such as IFN-γ secretion, the production of IgE,

and the changes of CD4+ T cells, suggesting its
immunoregulatory effects of EA treatment as previous
studies reported.

Although acupuncture treatment has been increasing-
ly used in atopic dermatitis, with several clinical studies
demonstrating the effectiveness of acupuncture, preclinical
studies, especially in vivo studies, investigating the mech-
anism of action for acupuncture is lacking [10–13, 23–25].
Our previous study indicated that EA treatment at acupoint
ST36 could ameliorate inflammation associated with
ovalbumin-induced delayed-type hypersensitivity via re-
storing Th1/Th2 balance by curbing Th1 differentiation
[26]. This study provided more evidence to elucidate the

Fig. 7. Macrophages contribute to IL-10 production of local acupoint following EA treatment. aRepresentative fluorescence images of local acupoint tissues
stained with F4/80 (macrophage marker, red), IL-10 (green), and DAPI (cell nuclei, blue). Scale bar is 50 μm. b Statistical analysis of the percentage of IL-
10+ macrophages in local acupoint tissues of different group. Data are presented as mean ± SD (n = 8) (***P < 0.001).

Fig. 8. Effects of EA treatment at ST36 on MAPK signaling pathway. Spleen lymphocytes from rats of different group were obtained. a The protein ex-
pressions including p-ERK, p-JNK, and p-p38 were performed by Western blotting, and a representative of eight independent experiments was shown. b
Statistical analysis of protein expression including p-ERK, p-JNK, and p-p38 was shown. Data are presented as mean ± SD (n = 8) (**P < 0.01).
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anti-inflammatory and anti-allergic effects of EA at ST36
acupoint, which was consistent with the previous results. In
the current study, EA treatment triggered local IL-10 pro-
duction at ST36 acupoint compared with those in DNFB
group (Fig. 5). However, there was no significant differ-
ence for IL-10 production in serum among groups with
DNFB application (data not shown). Accumulating evi-
dence indicated that acupuncture treatment was able to
induce IL-10 production. EA applied to bilateral ST36
acupoint promoted an anti-inflammatory action on the 2,
4, 6-trinitrobenzenesulfonic acid (TNBS)-induced colitis in
mice, mediated by increase of IL-10 and decrease of iNOS
expression [27]. Unilateral manual acupuncture at the SP6
acupoint elicited pronounced anti-inflammatory actions in
mice submitted to carrageenan-induced peritonitis, which
was associated with increased IL-10 levels in peritoneal
fluid [28]. In addition, local IL-10 released from M2 mac-
rophages was important for analgesic and anti-
inflammatory effects of acupuncture at SP6 in a model of
inflammatory muscle pain, resulting from phenotypic
switch of muscle macrophages with reduced M1 macro-
phages and an increase of M2 macrophages [29].

Macrophages, which can respond differently to dif-
ferent environmental signals, are generally separated into
two subsets, that is, classical activation (more pro-
inflammatory, M1 macrophages) and alternative activation
(more anti-inflammatory and pro-healing, M2 macro-
phages) [30]. As a central negative regulator of the immune

responses, IL-10 can be produced by several cell types
within the immune system, including macrophages [31–
34]. Many studies also emphasized the role of IL-10 in
macrophage polarization. IL-10/IL-10R axis was required
for mycobacterial heat shock protein 70-induced M2-like
polarization in the murine macrophages [35]. Lentiviral
delivery of IL-10 to macrophages represented a promising
strategy for directing and sustaining macrophage polariza-
tion toward M2 phenotype in order to local immune
responses [36]. In this study, IL-10 blocking antibody
assay provided further evidence for its possible role of
IL-10 in shifting macrophage polarization toward to M2
subsets (Fig. 6). Moreover, EA treatment significantly
increased IL-10 production of macrophages (IL-10+F4/
80+ macrophages) (Fig. 7), suggesting that macrophages
contributed to IL-10 production of local acupoint following
EA stimulation at ST36. We speculated that repeated EA
stimulation at ST36 affected and changed the local micro-
environment, such as the balance of Th1 and Th2 cyto-
kines, accompanying with DNFB-induced inflammation.
Conversely, local up-regulation of IL-10 and down-
regulation of IFN-γwill influence development and differ-
entiation of immune cell surrounded in acupoint, such as
macrophages, DCs, Langerhans cells, and keratinocytes
[37–39]. In addition, EA treatment at ST36 may affect
local cholinergic anti-inflammatory, which mediated by
acetylcholine (ACh) via the vagus nerve binding to α7-
nicotinic receptors (α7 nAChR) on macrophages [40, 41].
It was also possible that EA treatment affected the
hypothalamus-pituitary-adrenal (HPA) axis, regulating the
local and systemic responses including immune cells, cyto-
kines, IgE, nitric oxide, neuropeptide, opioid neuropeptide,
and NF-κB activation, etc. [42–45].

Mitogen-activated protein kinases (MAPKs), in-
cluding c-Jun N-terminal kinase (JNK), extracellular
signal-regulated kinase1/2 (ERK1/2), and p38 MAPK,
are mediators of various cellular signaling pathways in
response to EA stimulation exerting its biological func-
tion [46]. In a rodent model of surgical trauma, p38
MAPK activation was required for EA restoration of
CD4+/CD8+ homeostasis and cytokine expression [47].
A previous study evaluated the effects of acupuncture at
meridian point LI11 on 1-chloro-2,4-dinitrochloroben-
zene (DNCB)-induced ACD, which was related to sup-
pression of NF-κB and MAP kinase including ERK1/2,
JNK, and p38 [48]. Utilizing the fetal mouse skin DC
line, DNFB application activated ERK1/2 and p38
MAPK signaling pathways, suggesting that this strong
sensitizer induced phenotypic changes that may repre-
sent an early activation state of the DCs associated with

Fig. 9. Inhibiting p38 MAPK activation is associated with anti-ACD
effect of EA. Spleen lymphocytes (1 × 105 cells/well) from rats with
DNFB-induced ACD were obtained and pretreated with inhibitors includ-
ing SB203580, PD98059, and SP600125 for 30 min, respectively. Then,
the cells were co-cultured with 100 μl homogenate supernatant of acupoint
ST36. After 24 h, the IFN-γ ELISPOTassays were performed in duplicate
for detecting the number of IFN-γ+ cells. Data are presented as mean ± SD
(n = 3) (*P < 0.05 and **P < 0.01).
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the sensitization phase of ACD [49]. In contrast, our
findings showed that ERK and JNK activation seemed
to have no significant difference in the presence or
absence of EA stimulation; however, EA treatment sup-
pressed p38 MAPK activation (Fig. 8). Also, the inhib-
itor assay of MAPK signaling pathway suggested that
p38 MAPK activation contributed to the anti-ACD ef-
fect of EA treatment at ST36 acupoint (Fig. 9). Further
studies are needed to clarify the detailed mechanisms
associated with p38 MAPK activation such as upstream
and downstream signaling molecules.

There were some limitations in the present study that
should be mentioned. Firstly, we did not investigate the
anti-ACD effect of EA treatment using IL-10 knock out rat,
which will provide more evidences to support the thera-
peutic role of IL-10 triggered by EA stimulation in local
acupoint. Secondly, future investigations will focus on
fully understanding the roles of each change in gene ex-
pression upon the regulation of EA treatment.

In conclusion, the present study demonstrates that EA
treatment at Zusanli acupoint (ST36) reduces inflammation
and suppresses ACD via triggering local IL-10 production
and inhibiting p38 MAPK activation. Our results may
represent a novel profile for its protective mechanisms of
EA treatment on DNFB-induced ACD, suggesting that EA
could be a potential therapeutic candidate for ACD or
atopic dermatitis.
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