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Electroacupuncture at the ST36 acupoint
increases interleukin-4 responsiveness in
macrophages, generation of alternatively
activated macrophages and susceptibility to
Leishmania major infection
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Abstract

Background: Electroacupuncture (EA) has been used to treat inflammatory diseases. Alternatively activated
macrophages (AAMo) stimulated by cytokines such as interleukin (IL)-4, IL-10 and IL-13 are anti-inflammatory and
mildly microbicidal. This study aimed to evaluate whether EA at the Zusanli acupoint (ST36) would change the
profile of healthy murine macrophages, particularly the generation of AAMo and susceptibility to Leishmania major
infection.

Methods: BALB/c mice were treated with EA (15/30 Hz) at the ST36 acupoint for 20 min/d for 5 d. After the final
EA session, the mice were euthanized and their peritoneal cells were harvested and counted for determination of
arginase activity, nitric oxide (NO) production and microbicidal activity after culture in the presence or absence of
IL-4, interferon-γ (IFNγ) or lipopolysaccharide (LPS) or both IFNγ and LPS. Twelve mice were infected with L. major
promastigotes into the footpads after the final EA session and the infection course was monitored.

Results: Peritoneal cells freshly obtained from EA-treated mice had similar arginase and microbicidal activities to
cells from sham-treated mice. After culture with IL-4, cells from EA-treated mice exhibited significant increases in
the arginase activity (sham: 58 ± 11.3 vs. EA: 80.7 ± 4.6%, P= 0.025) and number of parasites/infected cell (sham:
2.5 ± 0.4 vs. EA: 4.3 ± 0.8 cells, P= 0.007). The NO production was lower in cells from EA-treated mice cultured in the
presence of a combination of IFNγ and LPS (sham: 31.6 ± 6.5 vs. EA: 22.3 ± 2.1 μM, P= 0.025). The lesion size in mice
infected with L. major promastigotes was larger in EA-treated mice (sham: 3.26 ± 0.29 vs. EA: 2.23 ± 0.4 mm,
P= 0.039).

Conclusion: EA at the ST36 acupoint increases IL-4 responsiveness in macrophages, Generation of AAMo and
susceptibility to L. major infection
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Background
A number of observations on the anti-inflammatory
actions of acupuncture have been published for various
acupoints, acupuncture frequencies and additional
application of electrostimulation [1]. The insertion of a
needle into an acupoint induces the release of
pro-inflammatory mediators such as substance P, calci-
tonin gene-related peptide, histamine, bradykinin, sero-
tonin, proteases, pro-inflammatory cytokines and
others, thereby causing vasodilatation and producing
danger signals that are transmitted via the afferent
vagus nerve [1-3]. In response to these stimuli, the
hypothalamus secretes corticotropin-releasing hormone
(CRH), which leads to a decrease in pro-inflammatory
cytokines and an increase in anti-inflammatory
cytokines such as interleukin (IL)-10 [3]. Leukocytes
also respond to CRH and secrete anti-inflammatory
cytokines [4].
It has been shown that electrical stimulation of the

ST36 acupoint significantly reduces both the serum
and tissue levels of the pro-inflammatory cytokines
such as tumor necrosis factor (TNF) in rats with ul-
cerative colitis [5], chronic inflammation induced by
Freund's complete adjuvant [6], experimental arthritis
[7,8], inflammation induced by carrageenan injection
[9] and other conditions. Furthermore, alternatively
activated macrophages (AAMo) are associated with the
improvement of several inflammatory diseases, such as
experimental arthritis [10] and colitis [11].
Corticoids and IL-10 act on macrophages and increase

the generation of AAMo [12,13]. AAMo are mainly
induced after stimulation with IL-4 and IL-13, and pro-
duces cytokines and enzymes for inflammation modu-
lation and initiation of wound healing [12,13]. The
properties of AAMo depend on their arginase activity
[14], which increases ornithine and urea production.
Ornithine can be metabolized to collagen or purine,
which are both fundamental for wound healing as
described before [12-14]. In addition, AAMo are more
susceptible to intracellular pathogens such as Leish-
mania major [15].
Classically activated macrophages (cMO) are induced

by interferon-γ (IFNγ) and produce nitric oxide (NO)
through induced NO synthase (iNOS) to enhance the re-
sistance to intracellular pathogens such as L. major
[13,16]. Therefore, cMO are able to control the growth
of intracellular pathogens, while AAMo are susceptible
to infection with such pathogens, both in vitro and
in vivo [15-17].
This study aims to evaluate whether electroacupunc-

ture (EA) at the Zusanli acupoint (ST36) would
change the profile of healthy murine macrophages,
particularly the generation of AAMo and susceptibility
to L. major infection.
Methods
Animals
Female BALB/c mice (weighing 18–22 g) were supplied
by the Animal Care Facility of the Institute of Tropical
Pathology of the Federal University of Goiás, and divided
into two groups of three animals each. The experiments
were triplicated. The mice were housed under controlled
lighting conditions (12-h/12-h light/dark cycle with
lights on at 7:00 am) at room temperature with free ac-
cess to water and food. The Human and Animal Re-
search Committee of the Clinical Hospital of Federal
University of Goiás approved all procedures on these
animals (Approval Protocol 023/2009).

EA treatment
Before manipulation with EA, the mice were acclimated
to the restraint for one week. The ST36 acupoint is
located at the anterior tibial muscle, 5 mm lateral to and
below the anterior tubercle of the tibia [18,19]. The mice
were treated daily with EA for 5 or 10 d. For the EA
treatment, the mice were immobilized in a plastic cylin-
der that allowed access to the ST36 acupoint. Two
stainless-steel needles (0.18 × 8 mm) were inserted
(3 mm deep) into the ST36 acupoint. The anode and
cathode leads from an electrical stimulator (WQ IOD1;
Donghua, China) were connected to the two acupunc-
ture needles. The current, a faradic, bipolar and asym-
metrical wave with an intensity range of 4–6 mA, was
applied for 20 min with increases in a stepwise manner.
The stimulation frequency was alternated between 15
and 30 Hz (15/30 Hz). The intensity of the stimulation
was determined by the minimum voltage required to
cause moderate muscle contraction. The sham group of
mice received only needle insertion into a non-acupoint
area in the gluteal muscle without electrical stimulation.
The mice were euthanized by decapitation immediately
after the final EA treatment.

Peritoneal cells
Resident macrophages were obtained by peritoneal cav-
ity washing with 5 mL of sterile phosphate-buffered sa-
line (PBS). Following aspiration of the fluid, a
suspension of the cells was washed twice with PBS and
centrifuged at 300 × g for 10 min. The suspension was
examined in a Neubauer chamber, counted and after ad-
justment of the concentration to 1 × 106 peritoneal cells
for arginase activity analyses and 2 × 105 peritoneal cells
for NO and microbicidal assays. The cells were cultured
in 24-well plates (TPP, Switzerland) in 0.5 mL of RPMI
1640 medium (Sigma Chemical Co., USA) supplemented
with 10% fetal calf serum (FCS; Cripion, Brazil),
2 mM L-glutamine (Sigma Chemical Co. USA), 10 mM
Hepes (Sigma Chemical Co. USA), 100 U/mL penicillin
(Sigma Chemical Co. USA) and 100 μg/mL streptomycin
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(Sigma Chemical Co. USA). The cells in the supplemen-
ted RPMI medium were incubated at 36°C under 5%
CO2 in the presence or absence of 1 μg/mL lipopolysac-
charide (LPS; Escherichia coli O111:B4; Sigma Chemical
Co. USA), 5 or 25 ng/mL IL-4 (R&D Systems, USA) or
5 ng/mL IFNγ (R&D Systems, USA). The combination
of 1 μg/mL LPS and 2 ng/mL IFNγ was used to evaluate
NO production. After 48 h of culture, the supernatant
was harvested for the NO analysis, and the cells were
subjected to the arginase assay.

Arginase assay
Peritoneal cells obtained before or after culture were
washed twice with PBS and then centrifuged at 300 × g
for 10 min. The cell pellets (1 × 106 cells) were resus-
pended in 50 μL of lysis buffer comprising 50 mM Tris–
HCl (pH 7.5), 0.1 mM EDTA, 0.1% (v/v) Triton X-100
and 0.5 % (v/v) protease inhibitor cocktail (Sigma Chem-
ical Co., USA). The arginase activity was determined by
urea production using a previously described method
[20] with some modifications. Briefly, the cell lysate
(50 μl) was added to 50 μL of 50 mM Tris–HCl buffer
(pH 7.5) containing 10 mM MnCl2 (Vetec, Brazil).
Macrophage arginase was activated by heating the mix-
ture to 60°C for 10 min. The hydrolysis reaction of L-
arginine by arginase was carried out by incubating the
lysate with 50 μL of 0.5 ML-arginine (pH 9.7; Sigma
Chemical Co., USA) at 37°C for 1 h. The amount of urea
production was determined with an enzymatic
UREA500W assay kit (Doles, Brazil) according to the
manufacturer’s instructions. The results were expressed
as mg/dL urea based on a standard curve established
with known concentrations of urea.

Determination of NO production
NO production was estimated by determining the con-
centration of nitrite in the supernatant of peritoneal cell
cultures with or without LPS stimulation using the
Griess method [21]. The culture supernatant (100 μL)
was incubated with an equal volume of Griess reagent
(1.0% sulfanilamide, 0.1% naphazoline hydrochloride,
2.5% orthophosphoric acid; Vetec, Brazil) for 10 min at
room temperature. The absorbance at 540 nm was
determined using a microplate reader (Multiskan;
Thermo Labsystems, Finland). The results were
expressed as μM nitrite based on a standard curve estab-
lished with known concentrations of sodium nitrite
(Vetec, Brazil) dissolved in culture medium.

Mouse infection and assessment of leishmanicidal activity
Promastigotes of L. major (clone, MHOM/IL/80/Frie-
dlin; kindly provided by Dr Leda Vieira, Brazil) at 1 × 105

promastigotes/mL were cultured in 24-well plates and
passed every 2 d. The culture was performed in Grace’s
Insect Medium (Sigma Chemical Co., USA) supplemen-
ted with inactivated 20% FCS (Cripion, Brazil), 2 mM L-
glutamine (Sigma Chemical Co., USA), 100 U/mL peni-
cillin (Sigma Chemical Co., USA) and 100 μg/mL
streptomycin (Sigma Chemical Co., USA). Parasites in
the stationary growth phase were harvested at 5 d after
the beginning of culture and washed three times in PBS
before use. For assessment of leishmanicidal activity,
1 × 107 parasites were injected into the peritoneal cavity
of sham- or EA-treated mice. After 3 h, the mice were
euthanized by decapitation and peritoneal cells were col-
lected by peritoneal washing with PBS. For removal of
polymorphonuclear cells and non-phagocytosed para-
sites, the cell suspension was centrifuged at 700 × g for
15 min at 20°C using LymphoprepW (Sigma Chemical
Co., USA) and washed twice with PBS before culture.
Slides of the cells were prepared before and after 48 h of
culture in the presence or absence of IL-4 or IFNγ. The
slides were stained with an Instant Prov Kit (Newprov,
Brazil) for subsequent quantification of the infected cells
under a light microscope. In monitoring of the infection
course, 1 × 106 parasites were injected into the left foot-
pad of sham- or EA-treated mice. Footpad swelling was
measured weekly using a dial thickness gauge (Mitutoyo,
Japan), and the thickness increase was calculated as the
difference between the left and right footpad
measurements.

Expression of IL-4 receptor in macrophages
Peritoneal cells were washed twice with PBS and resus-
pended at 2 × 105 cells/50 μL of PBS containing 3% nor-
mal goat serum (NGS). A purified anti-IL-4 receptor
antibody (1 μL/mL; Genzyme, USA) was added to the
cells and incubated for 30 min at 25°C. After two washes
with PBS, the cells were resuspended in 50 μL of PBS
containing 3% NGS. Next, 5 μL of FITC-conjugated goat
anti-rat antibody (Serotec Ltd., UK) was added at 1:10
dilution and the cells were incubated for 20 min at 25°C.
The cells were washed twice with PBS and resuspended
in 50 μL of PBS containing 3% NGS. After addition of
10 μL of an anti-CD11b APC antibody (0.01 mg/mL; BD
Biosciences, USA), the cells were incubated for 20 min
at 25°C. Cells were acquired using a C6 Accuri Flow
Cytometer (Accuri Cytometers, USA) and analyzed with
FCS Express 4 Plus Research Edition software (Denovo
Software, USA). The surface expression of IL-4 receptor
was quantified as a measure of the mean fluorescence
intensity in CD11b+ cells.

Statistical analysis
All experiments were triplicated except the infection
course experiments, which were duplicated. Unless spe-
cified otherwise, the data were expressed as the mean ±
standard deviation (SD) of all replicated experiments.
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The data for NO production were expressed as the
mean ± SD of a representative experiment of the three
experiments, owing to high variability in the basal levels.
The statistical significance of differences between groups
was determined by the Student’s t-test (two groups),
one-way ANOVA followed by a Tukey test (multiple
groups) and two-way ANOVA followed by a Tukey test
(infection course curve) using Graph Pad 4.0 software
(GraphPad Inc., USA). The results were considered sta-
tistically significant at P< 0.05.

Results
IL-4 responsiveness of peritoneal macrophages
Correct EA treatment and insertion of needles in the
ST36 acupoint were recognized by the characteristic
rhythmic dorsiflexion of the stimulated hind limb, which
was observed in all EA-treated mice. At the end of the
final EA treatment, the mice were immediately eutha-
nized and their peritoneal cells were harvested for ana-
lysis. The numbers of cells recovered from the peritoneal
Figure 1 Arginase activity in cells harvested from the
peritoneal cavity of EA-treated mice. Mice were treated with EA
(15/30 Hz) at the Zusanli acupoint (ST36) for 20 min/d for 5 d (A) or
10 d (B). After the final EA session, the mice were euthanized and
their peritoneal cells were harvested for evaluation by the arginase
assay. The data are represented as mean± SD of urea production
per lysate of 1 × 106 cells. The sham-treated mice received only
needle insertion into a non-acupoint (gluteal muscle) without
electrical stimulation. There were nine mice in each group.

Figure 2 Arginase activity in cells harvested from the
peritoneal cavity of EA-treated mice after culture in the
presence of IL-4. Mice were treated with EA (15/30 Hz) at the
Zusanli acupoint (ST36) for 20 min/d for 5 d (A and C) or 10 d (B).
After the final EA session, the mice were euthanized and their
peritoneal cells were harvested and cultured in the absence
(medium) or presence of IL-4 at 5 ng/mL (A and B) or 25 ng/mL (C).
After 48 h, the culture medium was discarded, and the cells were
lysed for evaluation by the arginase assay. The data are represented
as mean± SD of urea production per lysate of 1 × 106 cells. The
sham-treated mice received only needle insertion into a non-
acupoint (gluteal muscle) without electrical stimulation. There were
nine mice in each group. *P< 0.05, significant difference between
sham- and EA-treated mice under the same culture conditions by
Student’s t-test.



Figure 3 NO production by cells harvested from the peritoneal
cavity of EA-treated mice. BALB/c mice were treated with EA (15/
30 Hz) at the Zusanli acupoint (ST36) for 20 min/d for 5 d (A and C)
or 10 d (B). After the final EA session, the mice were euthanized and
their peritoneal cells were harvested and cultured in the absence or
presence of 1 μg/mL LPS (A and B) or 1 μg/mL LPS and 2 ng/mL
IFNγ (C). After 48 h, the culture medium was harvested for nitrite
measurement by the Griess assay. The data are represented as
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cavity were similar between the two groups (sham:
2.72 ± 0.5 × 106 vs. EA: 3.01 ± 0.6 × 106 cells/mouse,
P= 0.08). The arginase enzyme activities were also similar
between the two groups (P= 0.34), with urea production
ranging from 10.6 to 21.3 mg/dL per 1 × 106 peritoneal
cells in each group (Figure 1A). The arginase activities of
peritoneal cells were similar for EA- and sham-treated
mean± SD of the increase in nitrite production after LPS stimulation.
The sham-treated mice received only needle insertion into a non-
acupoint (gluteal muscle) without electrical stimulation. The data
presented are representative of one of three independent
experiments containing three mice in each group. *P< 0.05,
significant difference between sham- and EA-treated mice under the
same culture conditions by Student’s t-test; }P< 0.05, significant
difference between cells from the same mouse group under
different culture conditions by Student’s t-test.
mice for both 5 d (P = 0.34) and 10 d (P = 0.09)
(Figure 1A and 1B).
When the peritoneal cells were cultured for 48 h, urea

production was increased (reaching 31.3 ± 7.1 mg/dL),
indicating an increase in arginase activity. However, the
activities in cells from both sham- and EA-treated mice
were maintained at similar levels (P = 0.30 and P = 0.41,
Figure 2A and B, respectively). Since IL-4 has the ability
to promote the generation of AAMo by increase argi-
nase activity [12], we examined whether IL-4 had a dif-
ferent effect on the arginase activity in cells from EA-
treated mice. Urea production by peritoneal cells
increased from 31.3 ± 7.1 to 42.5 ± 10.7 mg/dL (increase
of 35.6%) in cells from sham-treated mice in the pres-
ence of IL-4 compared with cells cultured without IL-4
(P = 0.058; Figure 2A). Urea production increased from
33.8 ± 5.9 to 51.6 ± 8.6 mg/dL (increase of 52.2%) in EA-
treated mice after IL-4 treatment (P = 0.011; Figure 2A),
suggesting an increase of the number of AAMo. Al-
though the increase in IL-4 responsiveness was not sig-
nificant after 10 d of treatment (P = 0.052), the profile of
higher IL-4 responsiveness was maintained in the EA-
treated mice (Figure 2B). In another experiment per-
formed with a higher dose of IL-4, urea production was
increased by 58% (P = 0.037) in peritoneal cells from
sham-treated mice and by 80.7% (P = 0.025) in peritoneal
cells from EA-treated mice (Figure 2C). The latter data
show that the higher responsiveness to IL-4 was not
related to the IL-4 dose.
NO production
Arginase converts L-arginine to urea, which is the sub-
strate used by iNOS to produce NO in cMO. For evalu-
ation of the NO production by macrophages obtained
from EA-treated mice, peritoneal cells were cultured in
the presence of LPS or LPS and IFNγ. The NO produc-
tion by cells from sham-treated mice was significantly
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higher than the NO production by cells from EA-treated
mice (P = 0.046) (Figure 3A). This difference was not sig-
nificant in the mice treated for 10 d (P = 0.143)
(Figure 3B). Although LPS stimulation significantly
increased the NO production (sham vs. sham-LPS:
P = 0.048; EA vs. EA-LPS: P = 0.006) (Figure 3B), the
classical activation of macrophages depends on IFNγ
stimulus [13]. As shown in Figure 3C, IFNγ augmen-
ted the NO production stimulated by LPS. The NO
production in cells from EA-treated mice was signifi-
cantly lower than that in cells from sham-treated mice
(P = 0.025).
Figure 4 Leishmanicidal activity of cells harvested from the
peritoneal cavity of EA-treated mice. Mice were treated with EA
(15/30 Hz) at the Zusanli acupoint (ST36) for 20 min/d for 5 d. After
the final EA session, the mice were inoculated intraperitoneally with
1 × 107 L. major promastigotes. At 3 h after infection, the mice were
euthanized and their peritoneal cells were harvested. Their
mononuclear cells were then purified with LymphoprepW solution.
Slides of cells were prepared before culture (w/o culture) and after
48 h of culture in the absence (medium) or presence of 5 ng/mL
IL-4 or 5 ng/mL IFNγ. The slides were stained with the Instant Prov
Kit and analyzed under a light microscope. The data are represented
as mean± SD of the percentages of infected cells (A) or numbers of
parasites/infected cell (B). Panel C shows cells after 48 h of culture
under different conditions. The sham-treated mice received only
L. major survival in IL-4-activated peritoneal macrophages
Activation of iNOS or arginase in macrophages is essen-
tial for controlling the growth of the intracellular para-
site L. major. Since our data suggested that EA favors
the activation of arginase over iNOS, we investigated
whether macrophages obtained from EA-treated mice
had a decreased ability to kill L. major. Mice were
injected intraperitoneally with live L. major promasti-
gotes, and euthanized after 3 h to obtain peritoneal cells.
The phagocytosis of parasites by macrophages obtained
at 3 h after L. major injection was similar between
sham- and EA-treated mice (P = 0.271; Figure 4A, w/o
culture). Culture of the infected cells for 48 h without
IL-4 or IFNγ led to similar percentages of infected cells
and amounts of parasites inside the macrophages be-
tween the macrophages from sham- and EA-treated
mice (P = 0.84 and P= 0.601, respectively). However,
there was an increase in the percentage of infected
macrophages in the presence of IL-4 (sham vs. sham-IL-
4: P = 0.013; EA vs. EA-IL-4: P = 0.029; Figure 4A).
Macrophages from EA-treated mice stimulated with IL-
4 showed an increase in the number of parasites per
infected cell (sham: 2.5 ± 0.4 vs. EA: 4.3 ± 0.8; P = 0.007;
Figure 4B), suggesting that these macrophages were
more susceptible to L. major infection. The presence of
parasites inside the macrophages is depicted in
Figure 4C.
needle insertion into a non-acupoint (gluteal muscle) without
electrical stimulation. There were nine mice in each group. *P< 0.05,
significant difference between sham- and EA-treated mice in the
same culture conditions by one-way ANOVA followed by the Tukey
test; }P< 0.05, significant difference between cells from the same
mouse group under different culture conditions by one-way ANOVA
followed by the Tukey test.
Expression of IL-4 receptor in macrophages
Since the IL-4 responsiveness was increased in macro-
phages after EA, we investigated IL-4 receptor expres-
sion in the peritoneal cells from sham- or EA-treated
mice. IL-4 receptor expression was detected in 80% of
macrophages (CD11b+) from both groups (Figure 5B, D
and E), with no significant difference in the percentages
of expression between the two groups (P = 0.273). The
mean fluorescence intensities of the IL-4 receptor ex-
pression in CD11b+ cells were similar in the sham- and
EA-treated mice (P = 0.515).
EA increases L. major survival in vivo
To verify whether the increased survival of parasites also
occurred in vivo after EA treatment, we treated the mice
with EA for 5 d and then immediately injected with pro-
mastigote parasites into the footpad at the end of the
final EA treatment. The lesion size was significantly



Figure 5 IL-4 receptor expression in peritoneal macrophages after EA treatment. Mice were treated with EA (15/30 Hz) at the Zusanli
acupoint (ST36) for 20 min/d for 5 d. After the final EA session, the mice were euthanized and their peritoneal cells were harvested and stained
for CD11b and IL-4 receptor. (A and C) Dot blot analyses of total peritoneal cells. (B and D) IL-4 receptor expression in CD11b+ cells. The
percentages of IL-4 receptor + cells in CD11b+ cells (E) and mean fluorescence intensity of IL-4 receptor expression in CD11b+ cells (F) are also
shown for three independent experiments containing three mice in each group. The sham-treated mice received only needle insertion into a
non-acupoint (gluteal muscle) without electrical stimulation.
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higher in EA-treated mice than in sham-treated mice
(P = 0.039).

Discussion
Macrophages have well-established roles in the primary
responses to pathogens, and can be activated in different
ways, giving rise to cMO or AAMo [12,14]. Arginase is
the prototypic marker for AAMo [12,14]. This enzyme
increases in murine macrophages involved in helminthic
infection [14], tumors [22] and tissue repair [23], con-
verting L-arginine to ornithine and urea, while iNOS
present in cMO converts L-arginine to citrulline and
NO [12]. Arginase and iNOS share the same substrate,
leading to an inverse correlation between these two
enzymes in helminthic infection, tumors and tissue-
repair environments [14,22,23]. In our experiments, EA
suppressed the NO production induced by LPS or LPS
and IFNγ in peritoneal macrophages. Although the argi-
nase activity in cells after EA treatment or cultured in
the absence of IL-4 did not change, the activity was
increased in macrophages from EA-treated mice in the
presence of IL-4. It is not clear how EA increases the IL-
4 responsiveness of macrophages, although EA and IL-4
could synergistically potentiate the responsiveness or
interfere with some signal transduction from the IL-4 re-
ceptor. However, the mechanism is unlikely due to an
increase in IL-4 receptor expression, because the IL-4
receptor expression was similar between macrophages
from sham- and EA-treated mice.
The generation of AAMo with high arginase activity is

associated with a decreased ability to control intracellu-
lar parasites such as L. major, while NO production by
cMO is associated with better control of these parasites
[15]. Experiments have been performed using IFNγ-



Figure 6 Lesions developed by sham- or EA-treated mice after L. major infection. BALB/c mice were treated with EA (15/30 Hz) at the
Zusanli acupoint (ST36) for 20 min/d for 5 d. After the final EA session, the mice were infected with 2 × 106 stationary-phase promastigotes of L.
major into one of the hind footpads. The lesion size was calculated as the difference between the left and right footpad measurements. The
sham-treated mice received only needle insertion into a non-acupoint (gluteal muscle) without electrical stimulation. The data are represented as
mean± SD of two independent experiments containing three mice in each group. *P< 0.05, significant difference between sham- and EA-treated
mice by two-way ANOVA followed by a Tukey test.
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stimulated macrophages to observe the killing of L.
major in vitro. In addition, IL-4 can prevent NO pro-
duction and decrease the killing of the parasites
[15,24]. These findings are in agreement with our
results, showing an increase in the percentage of cells
infected by L. major after IL-4 treatment. Macro-
phages from EA-treated mice were more responsive
to IL-4 and enhanced the growth of the parasite in-
side the cells. An ability of IFNγ-stimulated macro-
phages to kill parasites was not observed in our
experiments, possibly because the combination of LPS
and IFNγ is required to produce the optimal stimula-
tion for NO production to kill parasites [24], and
only IFNγ was used in some of our experiments.
Infection of BALB/c mice with L. major induces

early production of IL-4 by CD4+ T cells carrying the
Vβ4α8 T cell receptor at 16 h after infection [25].
This early production of IL-4 and the presence of
AAMo are associated with the susceptibility of this
mouse strain to L. major infection [15,25]. Since
macrophages from EA-treated mice were more re-
sponsive to IL-4, the outcome of infecting mice with
L. major was examined. The lesion size in EA-treated
mice was more pronounced than that in sham-treated
mice, suggesting that EA increases IL-4 responsiveness
in vivo and interferes with the outcome of infection by
intracellular pathogens such as L. major.
Electrical stimulation was not used in the sham-

treated mice in our experiments. The experiments could
rule out the effects of electrical current because of the
small size of the mice. Electrical stimulation outside of
an acupoint could travel to a nearby acupoint to pro-
duce effects with different intensities. The properties of
acupoints include increased conductance and reduced
impedance and resistance [26], and minimal electrical
stimulation of an acupoint could provide significant
effects in sham-treated mice [27].
Significant effects of EA were only observed when the

mice were treated for 5 d. The decreased effects of EA
in the mice treated for 10 d could be caused by toler-
ance. EA tolerance was observed in rats treated with a
polarized current for 30 min/d for 6 d at the frequency
of 100 Hz [28,29].
The anti-inflammatory properties of the ST36 acu-

point have been examined in previous studies [5-9]. Our
findings demonstrated that EA increased the IL-4 re-
sponsiveness of macrophages. In addition, our experi-
ments showed a decrease in the microbicidal activity
associated with the generation of AAMo.

Conclusion
EA at the ST36 acupoint in mice increases the IL-4 re-
sponsiveness of macrophages, generation of AAMo and
susceptibility to L. major infection.
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