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Abstract

The pulmonary and intestinal systems have several characteristics in common. It is believed that these similarities somehow
function to cause pulmonary-intestinal crosstalk during inflammation. Many studies have shown that pulmonary disease occurs in
association with inflammatory bowel disease more often than is commonly recognized. Bambusae Caulis in Taeniam, a medicinal
herb originated from the inner bark of Phyllostachys nigra var. henosis (Milford) Rendle (Poaceae), has been used to cure fever,
diarrhea, and chest inflammation in Korea as well as in China. Cigarette smoke is a well-known risk factor for several inflammatory
disorders. In this study, we induced pulmonary and bowel inflammation in mice using cigarette smoke and investigated whether
Bambusae Caulis in Taeniam extract modulates the inflammatory response in both the lung and the bowel. C57BL/6 mice were
exposed to cigarette smoke for 90 min per day for three weeks, and Bambusae Caulis in Taeniam extract was administered via oral
injection 2 h before cigarette smoke exposure. The bronchoalveolar lavage cells were counted and hematoxylin and eosin staining
were performed. Levels of inflammatory mediators in lung and large intestine were determined by enzyme-linked immunosorbent
assay, real-time polymerase chain reaction, and Western blotting. Our results showed that Bambusae Caulis in Taeniam attenu-
ated cigarette smoke-induced inflammatory response in both the lung and the bowel of mice by inhibiting the production of
pro-inflammatory cytokines, chemokines, and protease as well as NF-kB signaling factor. Therefore, we suggest that Bambusae
Caulis in Taeniam extract might be a candidate therapeutic agent for inhibiting pulmonary and intestinal inflammation.
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Introduction research topic.® Pulmonary inflammation is characterized

Cigarette smoke (CS) contains more than 4000 deadly chem-
icals, of which hundreds are toxic and nearly 70 are carcino-
genic. Accordingly, CS can induce major health problems
and diseases, which may lead to death in severe cases.
Although it is well recognized that CS has adverse effects
on the respiratory system, little is known about the harmful
nature of CS in the intestinal bowel. Accumulating evidence
suggests a detrimental effect of CS on the gut by showing a
strong correlation between CS and bowel inflammation.'™
Therefore, CS is thought to be a major risk factor for inflam-
mation in both the lung and the intestine. CS affects the
generation of cytokines and chemokines and induces
uncontrolled protease productions, which are possible
mechanisms of respiratory-intestinal crosstalk.”™”
Inflammation in the lung is prevalent worldwide and
is therefore an important ongoing multinational
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by activated pro- and anti-inflammatory cytokines such as
TNF-o, IL-6, IL-1B, and MCP-1 that cause cell damage in the
lung.”'* Intestinal inflammation is characterized by an
excessive gut inflammatory response that affects the gastro-
intestinal tract and has shown an increasing incidence over
the last 50 years."'* Recent studies showing a remarkable
upsurge of tissue levels of TNF-o, IL-6, IL-1f, and MCP-1
during inflammatory bowel disease (IBD) have supported
the significance of these factors during intestinal inflamma-
tion. The marked increase in cytokine and chemokine levels
led to the hypothesis that intestinal epithelial cells might
provide early signals to immune cells in the mucosa
during inflammation.">™°

Although several factors such as cytokines are known to
be associated with the pathogenesis of pulmonary and
intestinal inflammation, no cure for this inflammation has
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yet been developed and continuing treatment is required
for patients.” Despite clinical acceptance that pulmonary
inflammation and intestinal inflammation are linked,
there are few research studies that explain their
association.'*™"

The pulmonary and intestinal systems have several char-
acteristics in common. It is believed that these similarities
somehow function to cause pulmonary-intestinal crosstalk
during inflammation. Many clinical studies of Western
populations have shown that pulmonary disease occurs in
association with IBD more often than is commonly recog-
nized. Interestingly, the Dongui-Bogam, which was pub-
lished about 500 years ago in Korea, proposes a specific
linkage theory between lung and large intestinal diseases
and suggests several medicinal herbs for their treatment.

Bambusae Caulis in Taeniam (BC), a medicinal herb origi-
nated from the inner bark of Phyllostachys nigra var. henosis
(Milford) Rendle (Poaceae), has shown many pharmaco-
logic activities. The material media of past dynasties in
Chinese history indicated that BC was used to treat fever,
diarrhea, and chest inflammation.?%% Accordingly,
Ministry of Health in China approved BC as an ethnophar-
macological functional food material. Other study demon-
strated BC’s anti-inflammatory effects with anti-oxidative
properties.”? Our previous study showed the efficacy of
BC in the OVA-induced asthma model .

In our present study, we induced and identified pulmon-
ary and intestinal inflammatory response using a cigarette
smoking murine model and investigated whether BC
modulates smoke-induced inflammation in both the lung
and the bowel. We also investigated both the inhibitory
activities of BC on the production of pro-inflammatory cyto-
kines and chemokines, as well as its activation of the NF-kB
signal transduction pathway, which is known to be
involved in the regulation of the inflammatory response.

Materials and methods
Preparation of BC extracts

The inner bark middle layer of BC was purchased from
Omniherb Co. (Daegu, Korea) and its identity was con-
firmed by one of the authors (Y.P. Jang). The voucher spe-
cimen (KHOPO00315) was deposited at Kyung Hee Korean
Traditional Herbal Medicine Museum of College of
Pharmacy, Kyung Hee University. Extraction was per-
formed according to the method described previously.”

High-performance liquid chromatography analysis
of BC extracts

High-performance liquid chromatography (HPLC) grade
acetonitrile was purchased from J. T. Baker (NJ, USA),
and analytical-reagent grade acetic acid was obtained
from Wako (Osaka, Japan). Caffeic acid, ferulic acid, and
p-coumaric acid were obtained from Sigma Chemical Co.
(St. Louis, MO, USA). The total extract was dissolved at a
concentration of 10 mg/mL in 50% (v/v) methanol aqueous
solution. As a standard, p-coumaric acid was dissolved at
1mg/mL in methanol and then diluted 5-, 10-, 20-, and
40-fold. All samples and standard solutions were filtered
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through a 0.45-um syringe filter (Millipore, MA, USA).
HPLC analysis was performed on a Waters system
(Milford, MA, USA) equipped with a Waters 996 photo-
diode array detector running Empower software.
A Capcellpak (Shiseido, Tokyo, Japan) C18 column
(250 mm x 4.6 mm, i.d. 5 pm) was selected for the analysis
of BC extract. The UV chromatogram was monitored
at 280nm. The flow rate was 0.8mL/min. The mobile
phase consisted of 0.1% acetic acid in water (solvent A)
and 0.1% acetic acid in methanol (solvent B). The
gradient program started with 10% B for 5min, followed
by a linear gradient to 30% B in 15min, isocratic elution
to 45min, and linear gradient to 50% B at 55min. The
injection volume of total extract and standard solutions
was 10 pL.

Animals

Specific pathogen-free female C57BL/6 mice (seven weeks
old) were purchased from Orient Bio Inc. (Seoul, South
Korea). The animals were housed in an air-conditioned
room maintained at 24°C with 55% humidity and were pro-
vided a standard sterile rodent diet (Purina Mills, St. Louis,
MO, USA) with water given ad libitum. All experimental
procedures were carried out in accordance with the require-
ments of the Animal Care and Ethics Committee of Kyung
Hee University.

CS exposure and drug treatment

Control group mice (1 =5) were exposed to fresh air with
distilled water (DW). Experimental groups (1n=>5) were
exposed to CS (Reference Cigarette 3R4F without a filter,
University of Kentucky, Lexington, KY, USA) with either
DW (CS group), dexamethasone (DEX group, treated with
1mg/kg of dexamethasone), or BC (BC group, treated with
100mg/kg of BC extract). Mice were subjected to whole-
body exposure to CS in a smoke chamber for three 30-min
periods with recovery in a fresh air environment for 1h
between each exposure for five days per week for three
weeks. In our experiment, the mice were exposed to the
side stream smoke, and each cigarette was completely
burned out during the first 1 min due to the pressure gen-
erated from an oil-less air pump (M-technology, Incheon,
South Korea). In addition, the oil-less pump was set to the
inhalation rate of 30 per 1 min. Mice were orally treated
with DEX or BC 2h before exposure to CS. Individual
body weights were measured twice a week, and the mice
were sacrificed on day 21. These experiments were per-
formed in duplicate. The experimental procedure of CS
exposure is described in Figure 1.

Analysis of bronchoalveolar lavage fluid

After the mice were sacrificed, bronchoalveolar lavage fluid
(BALF) was collected by infusion and extraction of PBS.
Total cell numbers were counted using a hemocytometer,
and differential cell counts were performed on slides pre-
pared by cytocentrifugation and Diff-Quick staining (Life
Technologies, Auckland, New Zealand) using light micros-
copy. BALF samples were then centrifuged and the



104 Experimental Biology and Medicine Volume 242 January 2017

Timetable

Cigarette smoke exposure: 1.5h/ day
2weeks repeat

1 2 3 4 5 6 7 8 21
Serum
Treatment; DW, DEX or BC BALF
L Lung and Large intestine tissue removal
1 week
Figure 1 Time course of cigarette smoke exposure. Mice were divided into

four groups (n = 5/group). CON: fresh air with DW; CS: cigarette smoke (refer-
ence cigarettes 3R4F, University of Kentucky, Lexington, Kentucky, USA) with
DW; DEX: CS with dexamethasone (DEX, 1 mg/kg, p.o.); and BC: CS with BC
extract (BC, 100 mg/kg, p.o.). Mice were subjected to whole-body exposure to
CS for 30-min periods in the smoking chamber, after which they rested in a fresh
air environment for 1 h. This process was repeated three times for 3 weeks

supernatants were stored at —80°C for measurement of
cytokines. Levels of TNF-¢, IL-6, and MCP-1 in the BALF
were measured by enzyme-linked immunosorbent assay
(ELISA) using a commercial kit (OptELATM Kits; BD
Biosciences, San Diego, CA, USA) according to the manu-
facturer’s protocols.

Histological study

Lung and colon tissue was fixed in 10% formaldehyde for
24 h and embedded in paraffin. Tissue sections (4 um) were
stained with hematoxylin and eosin solution (H&E, Sigma-
Aldrich, MO, USA) for inflammation score assessment.
Hé&E-stained sections were evaluated using light micros-
copy at a magnification of 100x. The air space of lung
was determined by digital image analysis. Micrographs
were obtained using Image Pro-Plus 5.1 software (Media
Cybernetics, Inc. Silver Spring, MD, USA).

Collection of colonic tissue samples and analysis of
large intestine

The whole colon was pulled out, the surrounding
mesentery was detached, and the weight/length ratio of
the colon was measured. The large intestine tissue was
washed with PBS using a gavage needle attached to a
5mL syringe and the tissue was stored at —80°C for ana-
lysis. Proteins were extracted using T-PER tissue protein
extraction reagent (Pierce, Rockford, IL, USA) containing
a protease inhibitor cocktail (Roche, Indianapolis, IN,
USA). Protein concentrations were determined using the
Bradford method. The amount of TNF-o, IL-6, IL-1f, and
MCP-1 in the intestinal tissue was measured by ELISA
using a commercial kit.

Real-time polymerase chain reaction

Lung and intestinal tissues were lysed using TRIzol reagent
(Invitrogen) and total RNA was isolated in accordance with
the manufacturer’s guidance. The total RNA was reverse
transcribed for cDNA synthesis using M-MuLV Reverse
Transcriptase (Invitrogen), and the synthesized cDNA was
used as a template for polymerase chain reaction (PCR)
amplification. mRNA levels of TNF-o, IL-6, IL-18, MCP-1,
and MMP-12 were determined by performing real-time

PCR using a Thermal Cycler Dice™ real-time (RT) PCR
system (Takara, Katsushika, Japan). The primers used for
SYBR Green real-time PCR were as follows: TNF-o, for-
ward, 5-CAAGGGACAAGGCTGCCCCG-3' and reverse,
5-TAGACCTGCCCGGACTCCGC-3'; IL-6, forward, 5'-TG
CTGGTGACAACCACGGCCT-3' and reverse, 5-ACAGG
TCTGTTGGGAGTGGTATCCT-3; IL-1B, forward, 5-ACC
TGCTGGTGTGTGACGTT-3' and reverse, 5-TCGTTGCT
TGGTTCTCCTTG-3; MCP-1, forward, 5-TCACAGTTGC
CGGCTGGAGC-3' and reverse, 5-CAGCAGGTGAGTG
GGGCGTT-3; MMP-12, forward, 5-GGCCATTCCTTGG
GGCTGCA-3' and reverse, 5-GGGGGTTTCACTGGGGC
TCC-3’; and GAPDH, forward, 5-TCTCAGGTGCCGCC
TGGAGA-3" and reverse, 5-TGGGCCCTCAGATGCCTG
CT-3' (Cosmogentech Ltd, Seoul, Korea). The specificity of
amplification was confirmed by a melting curve with a
single peak. Real-time PCR was performed with the follow-
ing conditions: denaturation at 95°C for 10s, annealing at
60°C for 10s, and elongation at 72°C for 12s. GAPDH was
used as the endogenous control for normalization.

Western blotting

NF-kB protein expression in the lung and large intestinal
tissue was detected by Western blotting. Proteins (20 pug/
lane) were separated by SDS-polyacrylamide gel electro-
phoresis and transferred onto a nitrocellulose membrane.
The transblotted membranes were blocked with 0.5%
defatted milk in TBS for 1h and were incubated overnight
with primary antibodies against f-actin and NF-xB (Santa
Cruz Biotechnology, Dallas, TX, USA; diluted 1:1,000 in
TBS-T). The blots were washed, and then incubated with
secondary antibodies. Blots were washed again, and then
developed using an enhanced chemiluminescence Western
blot analysis system (AbClon Inc., Seoul, South Korea).

Statistical analysis

Statistical analysis of the data was carried out using Prism 4
software (GraphPad Software Inc., CA, USA). Data are pre-
sented as mean +standard error of the mean (SEM), and
multiple comparisons were performed using one-way
ANOVA. Results with P < 0.05 were considered statistically
significant.

Results
HPLC analysis of BC extracts

The HPLC chromatogram of total BC extract is shown in
Figure 2. The main peak in the chromatogram (Rt =38 min)
showed an UV maximum absorption at 310 nm. This peak
was assumed to be a phenylpropanoid because a simple
phenylpropanoid was reported to be a major component
of bamboo extract.?* To identify the peak, standard com-
pounds containing ferulic acid, caffeic acid, and
p-coumaric acid were injected into the HPLC under exactly
the same conditions and their retention time and UV spec-
tra were compared with those of the major peak. In this
way, the main peak was identified as p-coumaric acid,
which was previously reported to be a component of the
leaves of this plant.?®
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To quantify the p-coumaric acid in the BC extract, a cali-
bration curve was established using a stock solution of
p-coumaric acid serially diluted to specified concentrations.
The coefficients value (R%) was 0.9997, demonstrating that
the linearity in this range was sufficient to provide a highly
accurate value of the content in each sample. Precision was
determined using a triplicate measurement of each stand-
ard, and the relative standard deviations (RSD) were less
than 2.4% (Table 1). Using the established calibration
curves, the content of p-coumaric acid in the extract was
calculated to be 4.19 £ 0.46 pg/mg.

BC alleviated weight loss in mice exposed to CS

The body weights of the control (CON) group increased
from 17.3+0.5g to 19.2+0.3g (10.6% increase) over three
weeks. In comparison, the weight of the CS (CS)-exposed
group decreased to 16+0.4g (7% decrease). Compared
with the CS group, the body weights of the DEX and BC
group were higher at 181+03g (6.1% increase) and
18.24+0.72g (5.2% increase), respectively (Figure 3). The
DEX group was used as a positive control.

Bambusae Caulis inhibits lung and gut crosstalk inflammation

BC inhibited the infiltration of inflammatory
cells into the lung

The number of inflammatory cells in the BALF was exam-
ined. The CS group showed a significant increase in
the number of total cells, neutrophils, and macrophages
compared to the CON group. Compared with the CS
group, the DEX group (as a positive control) showed a sig-
nificant reduction in total cells (84%), macrophages (85%),
and neutrophils (84%). Treatment with BC reduced the
amount of total cells (85%), macrophages (85%), and neu-
trophils (86%), respectively (Figure 4). These results demon-
strated that CS inhalation induced lung inflammation and
treatment with BC inhibited lung inflammation in the CS

group.

BC reduced the production of inflammatory cytokines
and chemokines in BALF

The amount of TNF-o, IL-6, and MCP-1 in the BALF was
evaluated using ELISA. Compared to the CON group, the
CS group showed significant increase in the productions of
TNF-a, IL-6, and MCP-1. However, in the DEX group, the
levels of TNF-o, IL-6, and MCP-1 were significantly
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Figure 2 High-performance liquid chromatography (HPLC) chromatogram of the water extract of Bambusae Caulis (BC) (a) and p-coumaric acid (b). UV-visible
absorption spectra of major peak in the water extract of BC (a) and p-coumaric acid (b) are also shown on the chromatogram

Table 1 The regression data, precision and quantification of p-coumaric acid from the total extract of Bambusae Caulis.

Contents of p-coumaric

Linear range RSD (%) acid in the water
Compound Regression equation R? (ng/mL) (n=3) extract (ng/mg)
p-coumaric acid y=7x 10" x + 401,809 0.9997 35-290 0.07-2.40 4.19+0.46
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reduced by 40%, 50%, and 77%, respectively, compared
with the CS group. Similarly, the BC group showed signifi-
cantly reduced levels of TNF-a (38%), IL-6 (46%), and
MCP-1 (49%) (Figure 5). These results further demonstrated
that treatment with BC inhibited lung inflammation in the
CS group.

BC alleviated the CS-induced emphysematous changes

To determine the effects of BC on pathologic changes in
lung tissues, we performed histologic examination by
H&E staining. The CS group showed mild emphysematous
changes with cells infiltration into surrounding the bronchi
regions compared to the CON group. In contrast, treatment
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Figure 3 Effect of BC on variation in body weight. Body weights were determined
for each group of mice twice a week. Statistical analysis was performed on day 19 after
CS exposure. Values are mean & SEM. Statistical analysis was by one-way ANOVA;
*P < 0.05 and P < 0.001. (A color version of this figure is available in the online
journal.)
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with DEX or BC significantly alleviated the CS-induced
emphysematous changes and cell infiltration in the lungs
of CS-exposed mice (Figure 6). The DEX group was used as
a positive control. These results provided further evidence
that CS inhalation induces lung inflammation that is ame-
liorated by treatment with BC.

BC attenuated CS-induced macroscopic and
histopathological changes in the intestine

The colon weight/length ratio was used as a marker of
disease-related intestinal wall thickening and intensity of
inflammation. Thus, we evaluated colonic inflammation
index by measuring the weight/length ratio of the
colon.?® As shown in Figure 7, compared with CON
group, CS group colon weight/length ratio was increased,
and BC group showed reduction. These results demon-
strated that CS exposure induces intestinal wall thickening
and BC inhibited CS-induced intestinal wall thickening.
Furthermore, the histologic study data supported these
results. We performed histologic examination by H&E
staining to determine the effects of BC on pathologic
changes in colon tissues. The CS group showed a marked
thickening of the colonic wall with cells infiltration com-
pared to the CON group. In contrast, treatment with DEX
or BC significantly alleviated the CS-induced edematous
swelling of the colonic wall and cell infiltration in the
colon of CS-exposed mice. The DEX group was used as a
positive control. These results provided further evidence
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total cells

macrophages

neutrophils

Figure 4 Effects of BC on inflammatory cell infiltration in bronchoalveolar lavage fluid. The amount of inflammatory cells was determined three weeks after CS
exposure. Total cells, macrophages, and neutrophils in BALF were counted with light microscopy after Diff-Quick staining. Values are mean &+ SEM. Statistical analysis
was by one-way ANOVA; “**P < 0.001. (A color version of this figure is available in the online journal.)
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Figure 5 Effects of BC on proteins production of inflammatory cytokines and chemokines in bronchoalveolar lavage fluid. The amount of TNF-« (a), IL-6 (b), and
MCP-1 (c) was measured by enzyme-linked immunosorbent assay. Values are mean + SEM. Statistical analysis was by one-way ANOVA; *P < 0.05 and ***P < 0.001.

(A color version of this figure is available in the online journal.)
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Figure 6 Effects of BC on emphysematous changes. Lung tissue sections (4 um thickness) were stained with H&E solution (magnification x 100) (a). The air space
size was evaluated by digital image analysis (b). Values are mean + SEM. Statistical analysis was by one-way ANOVA; ***P < 0.001. (A color version of this figure is

available in the online journal.)
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Figure 7 Effect of BC on CS-induced macroscopic and histopathological changes in the colon. Mice were exposed to CS to induce inflammation. The colon length
was measured with a ruler under macroscopic examination (a), and the weight/length ratio was depicted in a graph (b). Colon tissue sections (4 pm thickness) were
stained with H&E solution (magnificationx 100) (c). Values are mean + SEM. Statistical analysis was by one-way ANOVA; *P < 0.05. (A color version of this figure is

available in the online journal.)

that CS inhalation induces colonic inflammatory response
that is ameliorated by treatment with BC.

BC decreased the secretion of inflammatory cytokines
and chemokines in the large intestine tissue

The protein productions of TNF-o, IL-6, IL-1f, and MCP-1
in the intestine were determined by ELISA. As shown in
Figure 8, the CS group showed significantly increased levels
of these cytokines and chemokine compared to the CON
group. In contrast, treatment with DEX as a positive control
reduced the levels of TNF-u (74%), IL-6 (91%), IL-1 B (45%),
and MCP-1 (85%) compared with the CS group. The BC
group similarly showed a reduction in TNF-o (69%), IL-6
(91%), IL-1 B (80%), and MCP-1 (95%) compared to the CS
group. These results further demonstrated that CS induces

large intestine inflammation and treatment with BC inhibits
this inflammatory response.

BC reduced TNF-g, IL-6, IL-1p, MCP-1, and
MMP-12 mRNA expression in lung tissue and
large intestinal tissue

ELISA results showed that BC reduced inflammatory pro-
teins in the BALF and colon. After that, we confirmed the
inhibitory effect of BC on the mRNA expression of inflam-
matory mediators in the lung and colon tissue together. We
evaluated TNF-a, IL-6, IL-13, MCP-1, and MMP-12 mRNA
expression in lung and large intestine by real-time PCR. In
the lung tissue, the CS group showed significantly
increased mRNA expressions of TNF-a, IL-6, IL-18, MCP-
1, and MMP-12 compared to the control group. Compared
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Figure 8 Effects of BC on the protein production of inflammatory cytokines and chemokines in the large intestine. Protein levels of TNF-a (a), IL-6 (b), IL-1B (c), and
MCP-1 (d) were evaluated by ELISA. Values are mean + SEM. Statistical analysis was by one-way ANOVA; *P < 0.05, **P < 0.01 and ***P < 0.001. (A color version of this

figure is available in the online journal.)

with the CS group, the DEX group showed a significant
reduction in these mRNAs (56%, 50%, 84%, 69%, and
66%, respectively.) The BC group showed significant
decrease in mRNA expression (56%, 47%, 58%, 52%, and
58%, respectively). Similarly, the CS group showed signifi-
cant increase in the levels of TNF-o, IL-6, IL-13, MCP-1, and
MMP-12 mRNA in the large intestinal tissue compared with
the CON group. Compared to the CS group, the levels of
TNF-o, IL-6, IL-1B, MCP-1, and MMP-12 mRNA were
decreased by treatment with DEX (75%, 87%, 95%, 85%,
and 77%, respectively) or BC (69%, 63%, 96%, 95%, and
51%, respectively) (Figure 9). Thus, BC ameliorated the
expression of inflammatory cytokines and chemokines in
the lung and large intestine following exposure to CS.

BC inhibited expression of NF-kB in lung and the large
intestinal tissues

The effects of BC on NF-«xB protein expression in the lung
and large intestine of CS-exposed mice model were exam-
ined by Western blotting. Compared to the normal group,
the CS group showed a significant increase in NF-xB
expression in the lung and large intestine, and BC treatment
significantly reduced CS-induced NF-«B production in both
tissues (Figure 10).

Discussion

Current body of scholarship strongly demonstrates the link
between the lung and the intestine. It is supported by
numerous studies that organs sharing common embryo-
logical origins may communicate with each other even if
there is no anatomical association.”’ >° The primitive fore-
gut has been shown from a growing number of literatures
as the embryological origin of respiratory and gastrointes-
tinal epithelia.’””® Wang et al.* indicated the existence of
the lung-intestine communication by presenting the lung’s
duplication of inflammatory reactions in the bowel.
Recently, Western medical theory recognized that the pul-
monary and intestinal systems have much in common.*
The respiratory and intestinal tracts both have a sophisti-
cated luminal surface area covered by protective epithelia
barrier and a mucus gel layer,” and connective and lymph-
oid tissue under the surface that plays a crucial role in
immune defenses.*"** It is believed that these similarities
somehow function to cause pulmonary-intestinal crosstalk
during inflammation.”

Although the mechanism is unknown, the association
between pulmonary and intestinal inflammation is sup-
ported by many clinical studies. Comparison of two repre-
sentative inflammatory diseases, chronic obstructive
pulmonary disease (COPD) and IBD, reveals the stark cor-
relation between pulmonary and intestinal inflammation.
Indeed, exacerbation of pulmonary and intestinal inflam-
mation leads to COPD and IBD, respectively. COPD is char-
acterized by gradual air blockage in the lung and accounts
for the third most common cause of death and the fifth most
common cause of disability.*> IBD has two phenotypes,
ulcerative colitis (UC) and Crohn’s disease (CD), character-
ized by inflammatory damage to the intestinal area.**
A population-based cohort study reported a higher
chance of having CD in COPD patients than in healthy con-
trols, and indicated an increased susceptibility to CD in
first-degree relatives of COPD patients.'® Another study
showed that the small intestine of COPD patients shows
aberrations in absorbing essential nutrients such as fats,
protein, and carbohydrates."”” Conversely, the study by
Jess et al.'® shows an increased risk of dying from COPD
in CD patients. Black et al.'® reported the similar finding
that thoracic abnormalities are common in IBD patients.

CS is a major possible risk factor for IBD and COPD and
is considered to have a significant influence on the possible
mechanisms of respiratory-intestinal crosstalk inflamma-
tion. Crosstalk between these two organs is induced by
uncontrolled inflammatory cytokine secretion when
immune-inflammatory  responses occur.””’  Reactive
oxygen species (ROS) from CS degrade epithelial cells
through peroxidation of cell membrane components and
other constituents activate signaling pathways to activate
inflammatory factors such as TNF-a and NF-kB.*

C57BL/ 6 mice are good responders to CS and present a
well-formed injurious airway or intestinal states.**™® In
our experiment, we exposed C57BL/6 mice to CS using
the 3R4F reference cigarette. After three weeks of CS inhal-
ation, we confirmed a significant weight loss in the CS-
exposed mice. These data are meaningful since CS is
reported to decrease body weight by affecting the
amount of caloric intake,** and chronic disorders such as
IBD and COPD are characterized by body weight loss.
Next we identified infiltration of inflammatory cells,
including macrophages and neutrophils, in the BAL
fluid. Furthermore, we observed abnormal airspace
enlargement, a pathologic change in the lung parenchyma
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Figure 10 Effects of BC on NF-«B activation in the lung and the large intestine
tissue. Tissue proteins were extracted by using T-PER tissue protein extraction
reagent containing protease inhibitor cocktail and total protein concentration was
measured using Bradford assay. NF-kB expression in lung (a) and large intestine
(b) tissue was determined by Western blotting

caused by severe inflammatory response, and macroscopic
changes in the large intestine. In particular, colonic
shortening in CS-exposed mice provides evidence that a
CS-induced inflammatory response occurred in the large
intestine.”® We also confirmed an increase in the concen-
tration of several cytokines, including TNF-a and IL-6, the
chemokine MCP-1, the protease MMP-12, and the tran-
scription factor NF-xB in both the lung and the large

intestine tissues of the CS group compared to the control
group (Figure 9).

TNF-o is an important cytokine that plays a crucial role
in inflammatory and immune reactions and has been
implicated to show a strong correlation with COPD*" and
the progression of CD.”> TNF- is believed to activate not
only pro-inflammatory cytokines such as IL-6 and IL-8°* but
also the transcription factor NF-kB.>* IL-6 is necessary for
regulation of local or systemic acute inflammatory
responses” and is thought to have a direct role in pulmon-
ary-intestinal crosstalk by driving cross-organ inflamma-
tion. To our knowledge, we are the first to present
experimental evidence for an elevated level of IL-6 during
pulmonary-intestinal crosstalk inflammation in an animal
model. MCP-1 is a CC chemokine that fights infection by
attracting macrophages to areas of inflammation.”*””
Indeed, the expression of MCP-1 in lung and intestinal
inflammation has been reported in many studies.”® '
MMP-12 is a member of the metalloproteinase (MMP)
family and plays a role in tissue remodeling.> MMP-12 is
reported to be involved in recruiting neutrophils, macro-
phages, and pro-inflammatory cytokines.®®> Also, the lack
of MMP-12 neutralization resulting from A1AT deficiency
exacerbates tissue damage during mucosal inflamma-
tion.®**> MMP-12 has been associated with the pathogen-
esis of both COPD,®"% and IBD.?*7? On the basis of these
results, we confirmed that CS-exposure induces inflamma-
tory response in the lung and large intestine together.
However, there is still a possibility where intestinal inflam-
mation occurred from the licking behavior of CS-exposed
mice rather than from the lung and intestinal crosstalk.
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Thus, further study about the mechanism of pulmonary-
intestinal crosstalk inflammation is needed.

In this study, BC treatment attenuated the CS-induced
weight loss, airspace enlargement, and colonic shortening.
Also, the BC-treated group had significantly lower numbers
of total cells, macrophages, and neutrophils in BALF com-
pared to the CS group. Furthermore, the increased levels of
the cytokines TNF-o and IL-6 and the chemokine MCP-1
induced by CS were significantly ameliorated by BC treat-
ment. Real-time PCR and ELISA analyses indicated a
decrease in MMP-12 levels in both the lung and the large
intestine in the BC-treated group. Lastly, we observed a
reduction in the production of NF-kB after pro-inflamma-
tory cytokine stimulation in lung and large intestine of the
BC-treated mice.

In conclusion, we showed that BC is involved in the
regulation of CS-induced lung and intestinal inflammation
through inhibition of pro-inflammatory cytokines, chemo-
kines, and protease as well as downregulation of the NF-xB
signaling factor in both the lungs and large intestine tissues
of mice exposed to CS. Therefore, we suggest that BC
extract may be a candidate resource for the development
of a therapeutic that inhibits pulmonary and intestinal
inflammation.
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