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Abstract Chronic obstructive pulmonary disease (COPD) is characterized by an elevated number of immune cells and
inflammatory cytokines leading to inflammation of the lungs. Air particles including fine dust and sand dust cause
respiratory problems and severe inflammation along with lipopolysaccharide (LPS) to induce COPD. HHCR consists of
hederacoside C of Ivy leaf dry extract (HH) and berberine of Coptidis rhizoma dry extract (CR). Also, HHCR is a herbal
product approved in Republic of Korea for the relief of cough and sputum formation due to acute respiratory infection
and inflammation. Although the mechanism of action of hederacoside C and berberine are known, details of the therapeutic
effect of their mixture (HHCR) in COPD are not known. Therefore, we aimed to clarify the effect of HHCR on LPSinduced COPD in a mouse model co-exposed to air particles (LPS/air particle-induced COPD mouse model). We used
western blotting, ELISA and PCR analyses to quantify the inflammatory proteins that were involved in these effects. Air
particles caused significant inflammation in the airway and pathological changes in the lung tissue in mice by activating
of NF-κB signaling proteins such as IκB and p65. In contrast, HHCR significantly decreased the infiltration of immune
cells into the lung and NF-κB signaling proteins, thereby suppressing inflammation. These data suggest that HHCR has
anti-inflammatory effect on COPD mouse model through inactivation of NF-κB signaling.
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Introduction

Air quality has deteriorated in northeast Asia, including
Republic of Korea, Japan, and China. Air pollution is a major
concern, especially in Republic of Korea. Sand dust and fine dust
are transported from sand storms in China, and domestic sources
of air pollution include human activities like waste disposal, road
traffic, and industrial emission.4) Fine dust and sand dust contain
many toxic and chemical substances, such as heavy metals, plastic
ingredients, and microorganisms, which may cause various
respiratory health problems. Fine dust and sand dust particles less
than 10 μm in diameter (PM10) invade the respiratory tract and
increase the expression of inflammatory cytokines that promote
inflammatory responses in the lung. These particles induce small
airway fibrosis and alveolar destruction, leading to airway
constriction; subsequently, these conditions aggravate respiratory
diseases, such as asthma and COPD.5)
HHCR is a herbal product approved in Republic of Korea for
the relief of cough and sputum due to acute respiratory infection
and inflammation. It consists of hederacoside C of ivy leaf dry
extract (HH) and berberine of Coptidis rhizoma (CR). The
characteristics of berberine, the main ingredient of Coptidis
rhizoma, are the suppression of anti-inflammatory protein

Chronic obstructive pulmonary disease (COPD), an obstructive
lung disease, is the third most common cause of death worldwide,
and it was responsible for approximately 3.7 million deaths until
2015.1) COPD is characterized by emphysema, airway destruction,
and chronic inflammation in the airway and lungs, which
deteriorate lung function.2) Inflammatory mediators and immune
cells, such as macrophages and neutrophils, are known to be
increased in lungs of patients with COPD. The number of
alveolar macrophages (AMs) required for optimal lung function
was significantly increased in the bronchoalveolar lavage fluid
(BALF) and sputum of patients with COPD.3) They mediate
inflammation through the secretion of reactive oxygen species
(ROS), cytokines, and chemokines. Therefore, targeting AMs in
the treatment of COPD seems important.
#
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expression and blocking nuclear factor- μB (NF- μB) signaling.6)
Hederacoside C, the aglycon part of ivy leaf, has long been used
for the treatment of respiratory disorders because it exerts antiinflammatory effects by blocking inflammatory mediators, such as
bradykinin.7) Although the anti-inflammatory mechanisms of the
ingredients of HHCR are known, the therapeutic effect of HHCR
on COPD in vivo has not been reported. In this study, we aimed
to clarify if the mixture of berberine and hederacoside C exerted
an effect on alveolar macrophage of LPS-induced COPD in a
mouse model co-exposed to air particles and LPS. We used
western blotting, ELISA, and PCR analyses to quantify the
inflammatory proteins that were involved in these effects.

relative humidity of 40-60%. The animal studies were conducted
in accordance with the Institutional Animal Care and Use
Committee of Chung-Ang University. The mice were randomly
divided into 11 groups (n=6 per each group): (1) vehicle control
(PBS); (2) LPS alone (0.2 mg/mL); (3) fine dust alone (10 mg/
mL); (4) sand dust alone (10 mg/mL); (5) mixture of fine dust
and sand dust (10 mg/mL); (6) LPS with fine dust; (7) LPS with
sand dust; (8) LPS with fine dust and sand dust; (9) Dexamethasone
(1 mg/kg, p.o.) in LPS with fine dust and sand dust; (10) HHCR
(25 mg/kg, p.o.) in LPS with fine dust and sand dust; (11) HHCR
(100 mg/kg, p.o.) in LPS with fine dust and sand dust. The LPS,
fine dust, and sand dust were suspended in PBS for nasal
instillation.

Experimental Methods
Study protocol
Preparation of fine dust and sand dust particles

A sample of fine dust (PM10-LIKE, Sigma-Aldrich) was used
as the standard for fine dust in this study. The diameter of this
sample of fine dust was 2-14 μm. The following chemicals of
fine dust have been reported previously: C18H12, C20H12, C22H14,
and C22H12. It was similar to the results obtained in the tunnel
dust.
A sample of sand dust (Yellow soil, Hongikbio, Republic of
Korea) was used as the standard for sand dust in this study. It was
purified by heating at 250οC for 30 min, and the particles had a
diameter of 2.6-3.9 μm. The chemicals in sand dust were previously
reported as SiO2, Al2O3, Fe2O3, K2O, TiO2, MgO, and CaO. It
was similar to the sand dust sample gathered during the dust
storm season in Republic of Korea.
Preparation of a combined extract mixture

The mixture of hederacoside C and berberine was kindly
provided by Ahn-Gook Pharmaceutical Co., LTD. (Seoul, Republic
of Korea). HH is prepared from the dried Ivy leaves with an
extraction solvent of 30% (m/m) ethanol and CR is prepared from
the dried Coptidis rhizoma with an extraction solvent of absolute
butanol. Also, hederacoside C and berberine were dissolved in
phosphate buffered saline and mixed at a volume ratio of 3:1 and
administered combined mixture of hederacoside C and berberine
to mice as the HHCR solution in this study.
Animals

Male C57BL/6 mice, 6-10 weeks old, were purchased from
Orient Bio Inc. (Sungnam, Republic of Korea), weight 20-25 g
were housed for 1 week under standard laboratory conditions
before use. All animals were maintained in an air-conditioned
environment of 18-24oC with a 12 h/12 h light/dark cycle and a
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For systemic sensitization, 0.2 mg/mL LPS was dissolved in
PBS and sprayed for 5 min intratracheally 3 times per week for
4 weeks by using a Non-Invasive Airway Mechanics (Buxco®).
From Day 21 after sensitization, the animals were additionally
challenged every day for 2 weeks with fine dust, sand dust, and
a mixture of fine dust and sand dust (10 mg/mL) by using an
aerosolizer (Microsprayer® Aerosolizer). Moreover, the DEXA
group and HHCR group were administered orally every day for 2
weeks with 1 mg/kg dexamethasone and 25 and 100 mg/kg
HHCR, respectively. The control group was sprayed every day
with 1 mL PBS using a Non-Invasive Airway Mechanics.
BALF collection and quantification of cytokines by ELISA

Bronchoalveolar lavage fluid (BALF) was gathered by flushing
0.7 mL ice-cold PBS through the lungs twice and centrifuging the
collected fluid (800×g for 10 min at 4oC). The supernatant was
stored at −80oC for the analysis of cytokine concentration. The
concentrations of pro-inflammatory cytokines were detected by
using ELISA. Interleukin (IL)-1β, IL-6, and tumor necrosis factor
(TNF)-α were measured. Each sample was examined in triplicate.
RNA extraction and real-time (RT) quantitative-PCR

Cells were isolated by using type IV bovine pancreatic DNAse
(Roche Diagnostic; 1 µg/mL) and collagenase Type IV (0.5 mg/
mL) (Sigma-Aldrich, catalog number: C5138) from lungs. Total
RNA was isolated from each sample by using TRIzol reagent
(Invitrogen) for 72 h. RNA was transcribed to cDNA at 42oC for
1 h in 25 μL of solution containing 5× RT buffer, 10 mM dNTPs
(200 units), MMLV-RT (Maloney Murine Leukemia Virus-Reverse
Transcriptase), and 100 pmol of oligo-dT primer. The cDNA was
used with 2× iQTM SYBR Green Supermix (Bio-Rad) to find the
mRNA expression of Foxp3 and RORγt. The amplification of
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cDNA was performed using the following conditions: 95oC for 3
min; 45 cycles of 95oC for 10 s, and 60oC for 30 s by using a
CFX Connect™ Real-Time PCR Detection System (Bio-Rad).
The comparative threshold method was used to calculate the
relative expression of mRNA in the experimental samples
compared with that in control samples. Gene expression was
normalized to that of β-actin. The PCR primer sequences used in
this study are detailed in Table 1.
Flow cytometry analysis

After the lung cells were isolated, the cells were stained with
FITC-conjugated anti-CD11c antibody and APC-conjugated antiCD45 antibody for the analysis of AMs, stained with PEconjugated anti-IL-17 antibody and APC-conjugated anti-CD4
antibody for the analysis of Th17 cells, and stained with Alexaconjugated anti-CD25, APC-conjugated anti-CD4, and PEconjugated anti-Foxp3 antibody for the analysis of regulatory Tcells (Tregs) at 4oC for 30 min. Moreover, the fluorescence of
each cells was measured by using a FACSCalibur flow cytometer
(BD Bioscience).
Western blotting

The total cell proteins were extracted in RIPA buffer (ELPIS
Biotech) and equal amounts of protein were separated in SDSPAGE and transferred to a PVDF membrane. After non-specific
binding to the membrane was blocked, the membranes were
incubated at 4oC overnight with anti-β-actin (1:1000, Cell Signaling
Technology) anti-phospho-IκBα (1:1000, Thermo Fisher Scientific),
anti-IκBα (1:1000, Cell Signaling Technology), anti-phospho-p65
(1:1000, Cell Signaling Technology), and anti-p65 antibodies
(1:1000, Cell Signaling Technology). The membranes were then
incubated with anti-rabbit IgG HRP-linked antibodies (Cell
Signaling Technology) and developed using BioFX (SurModics).
They were visualized by using the ChemiDoc system (Bio-Rad)
and analyzed by using the Quantity One software (Bio-Rad).
Evaluation of lung pathology

For histological analysis, the lung parenchyma were fixed in
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10% neutral phosphate-buffered formalin, and embedded in
paraffin. The embedded lung tissues were sliced into 4-µm-thick
sections, and then stained with hematoxylin and eosin (H & E) to
visualize the inflammatory responses and the pathological changes
in the lung tissue.
Statistical analysis

The data are expressed as the mean±SD, and the statistical
analyses were performed by using Student’s t test. Differences
were considered statistically significant with *,#p<0.05; **,##p<0.01;
and ***,###p<0.001.

Results
HHCR reduces alveolar macrophage activation and proinflammatory cytokine secretion from lung cells

Previous studies have shown that alveolar macrophages were
recruited into airway and pro-inflammatory cytokines, including
TNF-α, IL-1β, and IL-6 from macrophages, were increased.8,9)
The AMs of LPS/air particle-challenged mice were activated, and
their population was increased (Fig. 1A). Secretion of proinflammatory cytokines was also increased (Fig. 1B, C, and D).
In contrast, orally administration of HHCR at 25 and 100 mg/kg
significantly inhibited the recruitment of AMs and the secretion of
pro-inflammatory cytokine. This effect was similar to that of
dexamethasone. These data showed that air particles, such as fine
dust and sand dust, clearly aggravated the severity of COPD.
However, HHCR ameliorated COPD development by reducing
the activation and numbers of AMs and the secretion of proinflammatory cytokines.
Effect of HHCR on T-helper type 17 (Th17) cells/Tregs in
the lungs and BALF of LPS/air particle-induced COPD mice

T cells can cause the destruction of the lung directly, through T
cell-induced cytotoxicity, or indirectly, through the activation of
AMs.10) Th17 cells are related to inflammation of the lungs and
Tregs have an anti-inflammatory effect in the lungs. This indicates
that Th17 cells and Tregs have a critical role in mediating

Table 1. Oligonucleotide primer sequences for RT-PCR
Primer

Direction

Sequence

Size (bp)

Foxp3

Sense
Antisense

5'-GGCCCTTCTCCAGGACAGA-3'
5'-GCTGATCATGGCTGGGTTGT-3'

112

RORγt

Sense
Antisense

5'-TGCAAGACTCATCGACAAGG-3'
5'-AGGGGATTCAACATCAGTGC-3'

57.92

GAPDH

Sense
Antisense

5'-TGCACCACCAACTGCTTAGC-3'
5'-GGCATGGACTGTGGTCATGAG-3'

87

GAPDH was used as the house-keeping gene.
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Fig. 1. The cell population and levels of pro-inflammatory cytokine in alveolar macrophage of COPD mouse model. Alveolar macrophage
population (A) was measured by flow cytometry. TNF-α (B), IL-1β (C), and IL-6 (D) levels were measured by ELISA. HHCR or
Dexamethasone were orally administered to mice at doses at 25 and 100 mg/kg or 1 mg/kg, respectively. The data are presented as the mean±SD
(n=24). Values are statistically significant at #p<0.05, ##p< 0.01 and ###p<0.001 compared with vehicle control; *p<0.05, **p<0.01 and
***p<0.001 compared with LPS+Fine dust & Sand dust control. Dexamethasone; positive control, Mixture; Fine dust and Sand dust.

inflammation in COPD development. Therefore, our study
focused on the changes in cell population and the secretion of
cytokines from Th17 cells and Tregs. The Th17 cell population
and the expression of its transcription factor were increased by
LPS challenge (Fig. 2A and C). RORγt is a unique transcription
factor of Th17 and promotes differentiation into Th17. In addition,
IL-17A secretion (Fig. 2B), which has been reported as a cytokine
that enhances the airway smooth muscle destruction of LPS
challenge, was also increased.11) LPS/air particles challenge
significantly increased the Th17 cell population, transcription
factor expression, and cytokine secretion compared with LPS
alone. In contrast, HHCR challenge effectively decreased the
Th17 cell population, transcription factor expression, and cytokine
secretion. LPS challenge decreased the Treg population and
transcription factor expression. Foxp3 is known to be an essential
transcription factor to determine the function and differentiation of
Treg. In contrast, HHCR challenge increased Treg cell population,
transcription factor expression, and TGF-β secretion, which is a
key mediator for mucosal and tissue repair,12) and had a similar
activity to that of dexamethasone. These data suggested that the
addition of air particles exacerbated the inflammation of disease
through the modulation of Th17 cell and Treg functions. In
Vol. 63, No. 2, 2019

addition, HHCR plays a role in the reduction of Th17 cells and
increased the number of Tregs to exert anti-inflammatory effects.
Effect of HHCR on the pathological changes in the
lung of mice with LPS/air particle-induced COPD

Increased inflammation in COPD are represented by the
histological features of thickened airway wall.13) The lungs of
LPS-challenged mice showed enlarged air spaces with the loss of
alveolar septae and free-floating fragment-containing macrophages
in the alveolar walls. In addition, the LPS-challenged mice
indicated enlarged submucosa, with the infiltration of inflammatory
cells, such as activated T lymphocytes and hemorrhage, compared
with the vehicle control (Fig. 3A and B). In addition, lung
histopathology was worse in the LPS/air particles-challenged mice
than in the lungs of mice treated with LPS alone. Airway
epithelial injury and epithelial cell loss, mucous metaplasia and
hyperplasia with increased intraluminal mucus, and alveolar wall
muscle fibrosis and airway stenoses (Fig. 3B and C). In contrast,
HHCR -challenged mice showed a reduction in the accumulation
of infiltrated cells in the submucosa of airways and normal
pulmonary structure (Fig. 3E and F). The administration of 100
mg/kg HHCR significantly improved the lung histology, with very
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Fig. 2. The cell population, cytokine and transcription factor levels in T-helper type 17 (Th17) cell and regulatory T-cell (Treg) of COPD
mouse model. Th17 and Treg cell populations were measured by Flow cytometry (A). IL-17A and TGF-β levels were measured by ELISA (B).
RORγt and Foxp3 were measured by real-time PCR (C). Data were shown as mean±SD (n=24). #p<0.05, ##p<0.01 and ###p<0.001 compared
with vehicle control; *p<0.05, **p<0.01 and ***p<0.001 compared with LPS+Fine dust & Sand dust control. Dexamethasone; positive control,
Mixture; Fine dust and Sand dust.

Fig 3. Pathological changes in the lung tissue of mice with COPD. Sections of the lung parenchyma were stained with hematoxylin and eosin
(H&E) and photographed under a microscope. The H&E-stained sections of lung tissues were collected from mice after PBS challenge (A), with
LPS alone (B), with LPS and air particles (C), with LPS and dexamethasone (D), with LPS and HHCR 25 mg/kg (E), with LPS and HHCR 100
mg/kg (F). Magnification, ×100; scale bar, 200 µm in left panel; Magnification, ×630; scale bar, 50 μm in right panel.
J. Pharm. Soc. Korea
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Fig 4. Inactivation of NF-κB signaling in the lung tissue of COPD mice. The levels of p-IκBα and IκBα (A) and p-p65 and p65 (B) were
measured by western blotting. The bands are shown in (C); β-actin was used as the control. *p<0.05, **p<0.01 and ***p<0.001 compared with
vehicle control. Dexamethasone; positive control, Mixture; Fine dust and Sand dust.

slight infiltration of inflammatory cells in the airway epithelium
compared with the LPS/air particles-challenged control (Fig. 3F).
Dexamethasone also improved the lung histology. These
histopathological results verified that HHCR has a therapeutic
effect.
Effect of HHCR on the expression of NF-κB signaling

NF-κB has been considered to play a crucial role in the regulation
of pro-inflammatory cytokines, including TNF-α, IL-1β, and IL-6,
in obstructive airway pathology.14) Our data showed that the pIκBα/IκBα ratio in LPS-challenged mice was higher than that in
the vehicle control. In addition, the ratio of p-IκBα/IκBα in LPS/
air particles-challenged mice was significantly higher than that in
mice subjected to LPS-challenge alone. In contrast, HHCR challenge
reduced the expression of p-IκBα and IκBα (Fig. 4A). These data
indicate that the increased p-IκBα ratio led to inflammation in the
lungs. Similarly, the ratio of p-p65/p65, a protein involved in NFκB heterodimer formation and activation, was higher in LPSchallenged mice than in vehicle control mice. In addition, the ratio
of LPS/air particles-challenged mice was significantly higher than
Vol. 63, No. 2, 2019

that in mice subjected to LPS-challenge alone. In contrast, HHCR
challenge significantly reduced the expression of p-p65 and p65
compared to challenge with LPS or air particles. These data
showed that HHCR ameliorated LPS/air particles-induced COPD
in mice through the inhibition of NF-κB signaling.

Discussion
The recruitment of AMs in the lungs is a major feature of
COPD. Increased AMs, which are activated by LPS and air
particles via NF-κB signaling, have key roles in the secretion of
pro-inflammatory cytokines, induction of oxidative stress, and
deregulation of the maintenance of the protease-protease inhibitor
balance in the lungs.15) The levels of pro-inflammatory cytokines,
including TNF-α, IL-1β, and IL-6, from AMs of the model mice
were significantly higher than those of healthy mice. Moreover,
airway epithelial cells activated by LPS/air particles also secreted
inflammatory mediators, which aggravated lung inflammation and
fibrosis. IL-1β and TNF-α decrease elastin synthesis by myofibroblasts,
which leads to emphysema and small airway remodeling.16)
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Similarly, IL-6 has a role in the induction of mucus to protect
airway epithelial cells from antigens. However, the increased level
of IL-6 induces the hypersecretion of mucus, obstruction of the
respiratory tract lumen, and accelerates the decline in lung
function. In addition, IL-6 promotes Th17 differentiation to induce
inflammation in the lungs.17) Overall, LPS/air particles-induced
AMs and airway epithelial cells are directly involved in the
process of airway destruction and remodeling by the secretion of
inflammatory cytokines.
Our data showed that Th17 cells were increased, along with the
decrease in Tregs in the airways and lungs. IL-17, which is a
characteristic cytokine produced by Th17 cells, can enhance
airway smooth muscle proliferation and contraction.18) In addition,
IL-17 can regulate the recruitment of inflammatory cells through
the secretion of chemokines, and the effect on AMs and airway
epithelial cells to produce mucus and inflammatory cytokines,
including IL-6 and TNF-α.19) In contrast, TGF-β, which is one of
the cytokines from Tregs, maintains immune homeostasis in the
airway. Therefore, the decreased TGF-β level is not capable of
counteracting the immunosuppressive effect of Tregs, and may
induce an imbalance of the Th17/Treg ratio, which suggests the
aggravation of lung inflammation.
NF-κB signaling is necessary for the inflammation of the
airway and the lung.20) NF-κB activation occurs through the
inhibition of IκBα phosphorylation, and the induction of p65
phosphorylation in response to stimuli, including LPS and air
particles. The persistent activation of NF-κB signaling is involved
in the excessive synthesis of pro-inflammatory cytokines, which
leads to airway damage.21) In this study, we identified that LPS
caused the upregulation of the phosphorylation of the IκB and
p65 proteins in model mice. Moreover, LPS/air particles-challenge
caused significant upregulation of the expression of proteins
compared with LPS alone. In contrast, HHCR exerts an inhibitory
effect on proteins related to NF-κB signaling. From these results,
IκBα and p65 were related to the inflammation of COPD and can
be considered as potential targets in COPD therapy.
The major limitation of our study is the relatively small size of
in vivo study and confined to mouse disease model. Thus, these
preliminary studies need to be validated in larger clinical settings
for the diagnostic utility, and for prognostic potential.

Conclusion
The findings of this study show that air particles, including fine
dust and sand dust, significantly exacerbate inflammation in the
LPS-induced COPD mouse model, and HHCR attenuates
inflammation in the lungs by suppressing cytokine production by
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AMs and Th17 cells. Our study may provide insight into the
potential therapeutic effect of HHCR on COPD and its underlying
mechanism. And these findings may apply to study about
relationship between inflammation and air particles.
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