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Electroacupuncture ameliorates experimental colitis induced by TNBS through
activation of interleukin-10 and inhibition of iNOS in mice!
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ABSTRACT

PURPOSE: To study the anti-inflammatory actions of electroacupuncture (EAc) on an experimental colitis model in mice.
METHODS: Thirty-eight male Swiss mice, divided in five groups, were subjected to induction of colitis by TNBS in 50% ethanol.
Saline (SAL) and ethanol (ETNL) groups served as controls. TNBS+EAc and TNBS+ dexamethasone subgroups were treated with EAc
100Hz and dexamethasone (DEXA) 1 mg/Kg/day, respectively. After three days, a colon segment was obtained for quantification of
myeloperoxidase (MPO) activity, immunohistochemistry for iNOS, malondialdehyde (MDA) and cytokines (IL-1p and IL-10).
RESULTS: Neutrophilic activity, assayed as MPO activity, was significantly higher in the TNBS colitis group than that in the saline
control group. TNBS+EAc group showed suppression of IL-10 in the colon. EAc treatment significantly reduced the concentration of
MDA and the expression of iNOS, as compared to the other groups. CONCLUSION: Electroacupuncture 100Hz applied to acupoint ST-
36 promotes an anti-inflammatory action on the TNBS-induced colitis, mediated by increase of IL-10 and decrease of iNOS expression.
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Introduction

Inflammatory bowel disease (IBD) is an immune-mediated
chronic intestinal condition mostly represented by ulcerative colitis
and Crohn’s disease. Both exogenous factors (e.g. composition of
normal intestinal microbiota) and endogenous host factors (intestinal
epithelial cell barrier function, innate and adaptive immune function)
interact to cause a chronic state of dysregulated mucosal immune
function. IBD is currently considered an inappropriate immune
response to the commensal microbiota in the intestines, with or
without some component of autoimmunity'.

The mainstay of therapy for IBD is 5-aminosalicylic
acid (5-ASA) agents and glucocorticoids as well as other
immunosuppressant drugs. However, the long term use of
such agents may give rise to adverse side effects’*a fungal
decapeptide first introduced in 1983, has significantly improved
the outcome of renal transplantation, and remains the first line
immunosupressant for pediatric recipients. CsA has a narrow
therapeutic range because of the fine line between adequate
immunosuppression and the risk of drug-induced side effects.
Furthermore, considerable inter- and intrapatient variability does
exist [Filler et al. 1999]. The pre-dose trough concentration is
routinely used for therapeutic drug monitoring [Bunchman et al.
1998]. The most significant side effect is nephrotoxicity, which
may present differently at different times after transplantation.
Renal vasoconstriction, especially involving the afferent renal
arterioles, has been strongly implicated as a primary factor in acute
reversible CsA nephrotoxicity. Alpha-adrenergic and calcium
channel blockade with either verapamil or nifedipine ameliorates
vasospasm and impairment of renal function that accompany
CsA toxicity. Because of this vasoconstrictive effect, CsA may
increase ischemic graft damage in the early posttransplant period.
CsA side effects can be eliminated by reducing the dosage of the
drug. We present an unusual case of nephrotoxicity and impaired
renal function with a very low CsA blood trough concentration
(50 ng/ml.

treatment of many diseases. Recent studies have demonstrated

Acupuncture has long been used for the

that acupuncture has immunoregulatory effects as it may modulate
the expression of many cytokines®. Electroacupuncture (EAc) has
been reported to activate hypothalamic-pituitary-adrenal axis
releasing glucocorticoids that have important anti-inflammatory
properties®. EAc is also reported to modulate the secretion of
cathecolamines from adrenal medulla by influencing sympathetic
activity’. Cathecolamines are known to induce anti-inflammatory
responses through activation of B-adrenergic receptors®. However,

the therapeutic mechanism of acupuncture on IBD is uncertain.
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In this study, we induced inflammatory colitis in mice
and stimulated them with EAc aiming to assess the effect of
EAc in IBD. We investigated whether the EAc treatment would
reduce the tissue inflammatory response through myeloperoxidase
activity (MPO), as well as immunohistochemistry for iNOS,
malondialdehyde (MDA), IL-18, IL-10 on colic tissue.

Methods

Animal preparation and experimental groups

Approval for experimental use of laboratory animals was
obtained from the local Ethics Committee on Animal Use (CEPA),
protocol #11/2012. All surgical procedures and animal handling
were conducted in accordance with the Brazilian Federal Law No.
11794 of October 8, 2008 (http://www.planalto.gov.br/ccivil 03/
At02007-2010/2008/Lei/L11794.htm).

Thirty-eight male Swiss mice average weight 30g were
used in the experiments. Mice were housed in stainless steel cages and
maintained under a 12h light/dark cycle with a room temperature of
26 £ 2°C. Rats, Mice and Hamsters Chow (Labina®) — Ralston Purina

do Brasil LTDA. — Paulinia — SP) and water were available ad libitum.

Study groups

Experimental animals were randomized in five groups (6-9
rats for each group): saline control group (n=8), ethanol group (n=7),
TNBS group (n=9), TNBS + EAc (n=6) - 100 Hz, 1h before and 24h
and 48h after colitis induction, TNBS + dexamethasone (n=8) - Img/
Kg subcutaneously 1h before and 24h and 48h after colitis induction.

Induction of experimental colitis

All experimental animals were fasted for 12h before
the induction of colitis. Each mouse was lightly anesthetized
with inhaled isoflurane 2% and a polyethylene cannula (4Fr)
was inserted into the lumen of the colon via the anus. The tip of
the cannula was positioned at 4cm proximal to the anus for the
infusion of 80uL saline, 50% ethanol or TNBS solution dissolved
in a 50% ethanol (2mg/80uL), as appropriate’.

EAc treatment
Anesthetized mice were stimulated at ST-36 (bilateral)

acupoint. ST-36 (Zusanli) lies just below fibular head of the
mouse’s hind leg'the specificity of the point and the reproducibility
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of the location of the point are prerequisite to the specificity and
reproducibility of research involving acupuncture stimulation.
The transpositional method, which locates animal acupoints
(AAs. Acupuncture needles (0.18mm diameter, 8mm length)
were connected to a flexible electrical wire. Square wave pulses
(100Hz frequency, 1mA intensity, 1s) were applied to the needles
for 20 minutes, using an electric stimulator (Sikuro DS-100, Sao
Paulo, Brazil) 1h before and 24h and 48h after the induction of

experimental colitis.
Myeloperoxidase (MPO) assay

The extent of neutrophil accumulation in the colon
was measured by assaying myeloperoxidase (MPO) activity as
previously described. In brief, the animals were killed three days
after colitis induction, and intestine tissue was harvested and
homogenized in two volumes of ice-cold buffer (0.1M NacCl,
20mM NaPO4, 12mM Na EDTA), pH 4.7, and centrifuged at
3000 rpm for 15 min. The pellet was then subjected to hypotonic
lysis (0.2% NaCl solution, followed 30secs later by the addition
of an equal volume of a solution containing 1.6% NaCl). After
a further centrifugation step, the pellet was resuspended in
200pL of 50mM NaPO4 buffer, pH 5.4, containing 0.5%
hexadecyltrimethylammonium bromide (H-TAB, Sigma). MPO
activity in the resuspended pellet was assayed by measuring the
change in absorbance at 450nm with use of tetramethylbenzidine
(1.6mM) and H,O, (0.5mM). The results were reported as the
total number of neutrophils per milligram of tissue by comparing
the absorbance of the tissue supernatant with a standard curve of

mouse peritoneal neutrophils processed in the same way'!.
Determination of the IL-1 and IL-10

The animals had a sample of their intestine removed on
day 3 for analysis of cytokines. The specimen was stored at -70°C
until required for assay. The tissue collected was homogenized
and processed as described'?. The detection of IL-10 and IL-
1B concentrations was determined by ELISA, as described
previously. Briefly, microtiter plates were coated overnight at
4°C with antibody against mice IL-10 and IL-1f (2 pg/ml). After
blocking the plates, the samples and standard at various dilutions
were added in duplicate and incubated at 4°C for 24 h. The plates
were washed three times with buffer. After washing the plates,
biotinylated sheep polyclonal anti-IL-10 or anti-IL-18 (diluted
1:1000 with assay buffer 1% BSA), was added to the wells. After

further incubation at room temperature for lh, the plates were

activation of interleukin-10 and inhibition of iNOS in mice

washed and 50pul of avidin-HRP diluted 1:5000 were added. The
color reagent o-phenylenediamine (OPD; 50ul) was added 15min
later and the plates were incubated in the dark at 37°C for 15-20
min. The enzyme reaction was stopped with H,SO, and absorbance
was measured at 490 nm. Values were expresses as picograms/

milliliter (pg/ml)'2.
Immunohistochemistry for iNOS

Colonic tissues were fixed in 4% formalin in 0.1M
phosphate buffer, dehydrated with increasing concentrations of
ethanol, embedded in paraffin, and sectioned. Sections (5pm thick)
were mounted on slides, cleared and hydrated. After inhibition
of endogenous peroxidases, tissues were treated with a buffered
blocking solution (10% BSA in PBS) for 15min. The sections were
then incubated with primary antibody (anti-iNOS, 1/50 in PBS-
Tween 20, v/v) or control solutions at 37°C for 45 min. Controls
included buffer alone or non-specific purified rabbit I[gG. Samples
were washed with PBS-Tween 20 and incubated with secondary
antibody (goat anti-rabbit IgG, peroxidase-conjugated, 1/ 250 in
PBS-Tween 20, v/v) at 37°C for 30min. Thereafter the sections
were washed as before and incubated with diaminobenzidine
solution in the dark at room temperature for 10min. After washing
with water, samples were mounted with Dako 1 far amount
aqueous mounting medium (Dako Corporation) and observed with

a Leica DFC-295 microscope'.
Malondialdehyde (MDA) assay

MDA levels in the colon were determined as an indicator
of lipid peroxidation. The tissue was homogenized in 1.15% KCI
solution. A measure of 0.1ml of the homogenate was then added
to a reaction mixture containing 0.2ml of 8.1% sodium dodecyl
sulfate, 1.5ml of 20% acetic acid, 1.5ml of 0.8% thiobarbituric
acid and 0.7ml of distilled water. Samples were boiled for lh at
95°C and centrifuged at 3000g for 10min. The absorbance of the

supernatant was measured by spectrophotometry at 650nm'*.
Statistical methods

Parametric data were expressed as means = S.E.M or
median (min-max) and were statistically tested by ANOVA followed
by Turkey or Student’s t-test. Non-parametric data were expressed as
median and statistically tested by Kruskall-Wallis followed by Dunn
test. The value of p<0.05 was considered statistically significant.

The GraphPad Prism 6.01 software was used for these analyses.
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Results

MPO activity

Neutrophilic activity, measured by MPO activity, was
significantly higher in the TNBS colitis group than that in the
saline control group (3337 + 1335 neutrophil/mg vs. 997.3 + 344.5
neutrophil/mg, p<0.0001). But there was no statistical difference
in neutrophilic activity between the TNBS group and the TNBS +
EA group (3337 + 1335 neutrophil/mg vs. 2615 £ 1355 neutrophil/
mg, p=0.5064). Neutrophilic activity was significantly lower in the
TNBS + desamethasone group than in the TNBS group (1342 +469.4
neutrophil/mg vs. 3337 = 1335 neutrophil/mg, p=0.0002) (Figure 1).
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FIGURE 1 — Activity of MPO in the colon on the third day after
induction of colitis by TNBS. Bars represent (from left to right)
Group SAL, rats treated with saline (80ul, rectal); group ETNL, rats
treated with 50% ethanol (80, rectal).; group TNBS, rats induced
with TNBS in 50% ethanol (2mg/80uL, rectal); TNBS+EAc, rats
induced with TNBS and treated with EAc 100 Hz (1mA applied
to ST-36 acupoint bilaterally for 20 minutes); TNBS+DEXA, rats
induced with TNBS and treated with dexamethasone. (Img/kg SC)
every 24 hours for three days TNBS group showed an increase in
the neutrophil infiltration into the colon compared to SAL group (*
p <0.05). DEXA group showed statistical difference compared to
the TNBS group. Data are expressed as mean + S.E.M., * p <0.05
vs. saline; # p< 0.05 vs TNBS (ANOVA / Tukey test).

Effects of EAc on the IL-1p content

When compared to the saline control group, the IL-1f content
in the colonic tissue of the TNBS group was significantly higher (297.7
+ 203.4pg/mL vs. 892.8 + 436.3pg/mL, p=0.0377). However, there
was no statistical difference in the IL-1p content between TNBS and
TNBS + EA groups (892.8 + 436.3pg/mL vs. 568.9 + 504.5pg/mL,
p=0.5475). There was statistical difference in IL-1[3 content between
the TNBS + dexamethasone group and TNBS group (892.8 +436.3pg/
mL vs. 400.2 = 126.5pg/mL, p=0.0302) (Figure 2).
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FIGURE 2 - Tissue (colon) concentration of IL-1f on the third day
after the induction of colitis by TNBS. Bars represent (from left to
right) Group SAL, rats treated with saline (80, rectal); group ETNL,
rats treated with 50% ethanol (80pl, rectal).; group TNBS, rats
induced with TNBS in 50% ethanol (2mg/80uL, rectal); TNBS+EAc,
rats induced with TNBS and treated with EAc 100 Hz (1mA applied
to ST-36 acupoint bilaterally for 20 minutes); TNBS+DEXA, rats
induced with TNBS and treated with dexamethasone. (Img/kg SC)
every 24 hours for three days. IL-1f3 concentration increased, on the
third day in TNBS group (# p <0.05) This effect was prevented by
DEXA. Data are expressed as mean = S.EM., * p <0.05 vs. saline; #
p <0.05 vs TNBS (ANOVA / Tukey test).

Effects of EAc on the IL-10 content

As shown in the Figure 3, IL-10 content in the colonic tissue

was significantly suppressed in the TNBS group as compared to the
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FIGURE 3 - Tissue (colon) concentration of IL-10 on the third day
after the induction of colitis by TNBS. Bars represent (from left to
right) Group SAL, rats treated with saline (80pl, rectal); group ETNL,
rats treated with 50% ethanol (80ul, rectal).; group TNBS, rats
induced with TNBS in 50% ethanol (2mg/80uL, rectal); TNBS+EAc,
rats induced with TNBS and treated with EAc 100 Hz (1mA applied
to ST-36 acupoint bilaterally for 20 minutes); TNBS+DEXA, rats
induced with TNBS and treated with dexamethasone. (1mg/kg SC)
every 24 hours for three days. The concentration of IL-10 decreased
significantly on the third day in TNBS group (# p <0.05) This effect
was reversed by EAc but not by DEXA. Data are expressed as mean +
S.E.M. * p<0.05 vs. saline; # p <0.05 vs TNBS (ANOVA / Tukey test).
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control saline group (18.42 + 5.608pg/mL vs. 99.74 + 48.98pg/mL,
p=0.0007). And, when compared to the TNBS group, IL-10 content
was significantly higher in the TNBS + EA group (18.42 £ 5.608pg/
mL vs. 42.68 + 21.01pg/mL, p=0.0214). There was statistical
difference in the IL-10 content between the saline control group and
the TNBS + dexamethasone group (99.74 + 48.98pg/mL vs. 22.84 +
7.962pg/mL, p=0.0008).

Immunohistochemistry for iNOS

The expression of iNOS in the epithelium (p=0.0010)
and in the connective (p=0.0053) was increased on TNBS group
when compared to control saline group. When compared to TNBS
group, expression of iNOS in the connective was decreased in the
TNBS + EA group (p=0.0472). There was statistical difference in
expression of iNOS between the TNBS + dexamethasone group

and TNBS group in both the epithelium and connective (p=0.0053)
(p=0.0010) (Figure 4 and Table 1).

FIGURE 4 — Expression of iNOS. (x200) (A) SAL and (B) ETNL
group: photomicrograph of colon showing expression of iNOS
in the epithelium and conjunctive tissue (red arrows); (C) TNBS
group: expression of iNOS in the epithelium (+ +) and conjunctive
tissue (++); (D) EAC group: iNOS expression in the conjunctive
(+); (E) DEXA group: expression of iNOS in the epithelium (+)
and conjunctive (+). The symbols (+) and (++) denote the levels
of iNOS expression.

activation of interleukin-10 and inhibition of iNOS in mice

TABLE 1 — Immunoexpression of iNOS in the colon
tissue on the third day after the induction of colitis by TNBS.
iNOS Immunohistochemical scores

Groups Epithelium Conective tissue
0-3) 0-3)
SAL 0 (0-0) 1(1-1)
(N=8)
ETNL 0 (0-1) 2(2-3)
(N=7) # *
TNBS 3(1-3) 3(3-3)
(N=9) * *
TNBS + EAC 2(1-2) 1(1-2)
(N=6) * #
TNBS + DEXA 0 (0-0) 1(1-1)
(N=8) # #

Colitis induced by TNBS in 50% ethanol (2mg/80pL, rectal). Animals treated with elec-
troacupuncture (EAC) (100Hz, ImA, ST-36 acupoint bilaterally for 20 minutes) or dexa-
methasone (DEXA) (Img/kg SC) every 24 hours for three days. Groups treated with
saline (SAL) (0.8 pl, rectal) and 50% ethanol (ETNL) (0.8 pl, rectal) served as controls.
TNBS group showed higher expression of iNOS in the epithelium and connective after
the third day. EAc prevented iNOS expression in the connective tissue, while DEXA.
prevented iNOS expression in the epithelium and connective tissue. Data are expressed as
median (min-max) * p <0.05 vs. saline; # p <0.05 vs TNBS (Kruskal-Wallis/ Dunn Test).

MDA assay

MDA concentration was increased on TNBS group when
compared to control saline group (1501 + 753.8pg/mL vs. 552 +
198.2pg/mL, p=0.0446). When compared to TNBS group, MDA
concentration was decreased in the TNBS + EA group (1501 +
753.8pg/mL vs. 497.2 + 378.3pg/mL, p=0.0104). There was statistical
difference in MDA concentration between the TNBS + dexamethasone
group and TNBS group in both the epithelium and connective (239.8 +
51.49pg/mL vs. 1501 £ 753.8pg/mL, p=0.0010) (Figure 5).
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FIGURE 5 - Tissue (colon) concentration of MDA on the third day
after the induction of colitis by TNBS. Bars represent (from left to
right) Group SAL, rats treated with saline (80pl, rectal); group ETNL,
rats treated with 50% ethanol (80pl, rectal).; group TNBS, rats induced
with TNBS in 50% ethanol (2mg/80uL, rectal); TNBS+EAc, rats
induced with TNBS and treated with EAc 100 Hz (1mA applied to ST-
36 acupoint bilaterally for 20 minutes); TNBS+DEXA, rats induced
with TNBS and treated with dexamethasone. (1Img/kg SC) every 24
hours for three days. MDA concentration increased significantly on the
third day in TNBS group compared with SAL control (*p <0.05) This
effect was by EAc and DEXA. Data are expressed as mean + S.E.M. *
p <0.05 vs. saline; # p <0.05 vs TNBS (ANOVA / Tukey test).
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Discussion

Experimental colitis animal models have been developed
to study the mechanisms of IBD, and are also tools for pre-clinical
evaluation of new treatments efficacy. They exhibit some, but not
all, phonotypical and pathophysiological characteristics of human
IBD. According to Morris’, the animal model utilized in this study
is one of easy induction, low cost, reasonable reproducibility,
and can be employed with mice, rats and rabbits. In this model,
ethanol breaks epithelial integrity, allowing penetration of TNBS
and development of colitis resembling IBD’.

In this study, the MPO activity was increased in intestine
segments ETNL and TNBS groups, after the third day of colitis
induction. MPO is an enzyme found in neutrophils that has been
used as a quantitative index of inflammation in several tissues,
including the intestine, and reflects the influx of PMN to the area
of interest. These results confirm induction of colitis and are in
accordance with the findings of Appleyard and Wallace on TNBS
induced colitis in rats'>.

The choice of acupuncture treatment was based on
the fact that it activates defense systems, proliferation and
cellular influx. It also regulates the cells involved in the release
of mediators: substance P, bradykinin, calcitonin, vasoactive
intestinal polypeptide, neurokinin A, neuropeptide Y, § -endorphin,
cytokines IL-1pB, 11-2, IL-4, IL-6, IL-10, IFN-y, TNF-a, nitric
oxide, eicosanoid, and other vasoactive substances'.

The acupoint ST=36 used in the present study is the
most used acupoint for immune regulation purposes, including
gastrointestinal autoimmune diseases, albeit the mechanisms have
yet to be understood'”.

It is well known that anti-inflammatory cytokines are
synthesized mainly by T-reg lymphocytes and have immune
regulatory activity over lymphocytes and macrophages. They
inhibit the release of inflammatory mediators, exerting a strong
anti-inflammatory action and modulating both expression and
activity of iNOS and thus regulating production of NO'. In our
study, there was an elevation of IL-10 in animals treated with
EAc, a cytokine of Th2 profile associated with anti-inflammatory
response. That could, at least partially, explain the protective
effect. Conversely, increased levels of IL-1 observed in animals
with TNBS induced colitis were not affected by EAc applied to
ST-36 acupoint.

Similar findings have been described. Yan et al.'
demonstrated that application of EAc to ST-37 (Shangjuxu)
acupoint had therapeutic effects on TNBS induced colitis, through

modulation of tissue lesion, specifically decreasing concentration
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of pro-inflammatory cytokines (IL-1) and increasing concentration
of anti-inflammatory cytokines (IL-4).

This investigation has shown that EAc significantly
decreased expression of iNOS on connective tissue of the colonic
wall. At this point, it was postulated that perhaps nitric oxide,
generating nitrogen and oxygen reactive intermediates, was not one
of the final mediators of the inflammatory lesion observed on colitis.

The induction of iNOS
epithelium is associated with formation of nitrogen species (RNS)

on inflamed human colon

and cellular nitration. What’s more, nitrogen and RNS play a key
role on IBD. Those species are cytotoxic agents, inducing lipid
peroxidation and cellular oxidative stress, leading to cellular
disfunction, damage and eventually death®.

Zingarelli et al."® reasoned that the increase in NO
production catalysed by iNOS seems to be the cause for lesions
on the colonic tissue in several experimental colitis models. In
patients with UC, whose iNOS activity is elevated, there is an
increase on the concentration of nitrite detected by rectal washing
and in biopsy samples.iNOS expression and activity, tyrosine
nitration and malondialdehyde formation (as indexes of nitrosative
and oxidative stress

This study also demonstrated a marked increase on
intestinal levels of MDA in animals with TNBS-induced colitis.
MDA had its levels significantly diminished as consequence of
treatment with EAc applied to ST-36 acupoint. Since the treatment
with EAc promoted an elevation of IL-10 levels, suppressed the
expression of iNOS and diminished the concentration of MDA in
the intestinal segments, it is reasonable to assume that the anti-
inflammatory action of EAc is due, partially, to anti-oxidative
properties.

The results of this study have shown that EAc applied
bilaterally to ST-36 acupoints with frequency of 100Hz and
intensity of 1mA, for 20 minutes, during three days attenuates
TNBS-induced colitis in Swiss mice. These effects were followed

by modulation of oxidative and inflammatory stress parameters.
Conclusion

Electroacupuncture 100Hz applied to acupoint ST-36
promotes an anti-inflammatory action on TNBS-induced colitis,
mediated by increase of IL-10 and decrease of iNOS expression.
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