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Abstract: Efforts have been made to find a better therapeutic approach with fewer side effects in treating chronic ob-
structive pulmonary disease (COPD). This study investigated the effect of Buyuan decoction (BYD) on autophagy in
COPD rats. An experimental model with Sprague-Dawley rats was established by lipopolysaccharide (LPS) injection
and cigarette smoke exposure. Rats were randomly allocated into blank control (normal control), experimental model,
low-dose BYD (8.0 g/kg/day), medium-dose BYD (16.0 g/kg/day), high-dose BYD (32.0 g/kg/day) and 3-MA (meth-
yladenine) groups (6 rats/group). Cell and tissue morphology were observed using hematoxylin and eosin staining.
Autophagic vesicles were examined with a transmission electron microscope. Protein expression of LC3-11/1, BNIP-
1, ATG7, p62, PI3K and p-PI3K in lung tissue was detected by Western blotting. Compared with the experimental
model group, the inflammatory infiltrate in lung tissue was reduced, the nuclei of the pulmonary epithelial cells were
restored to normal, and the expression of LC3, BNIP1, ATG7 and p-PI3K was significantly downregulated, while
p62 expression was significantly upregulated after treatment with the BYD. The effect was most significant in the
low-dose BYD group (P<0.05, all groups). These findings suggest that the BYD inhibits the occurrence of autophagy
in the pathogenesis of COPD and that it can be a potential treatment.
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INTRODUCTION weather is colder [1]. When the disease worsens, it

. _ _ . can seriously affect the working ability and quality of
Chronic obstructive pulmonary disease (COPD) is life of patients, and it may even develop into respira-

characterized by persistent and partial reversibility tory failure and pulmonary heart disease, which can

9f airflow restr.iction. The main symptoms of COPD be life-threatening [2,3]. COPD is a disease that can
include chronic cough, expectoration, shortness of

breath, dyspnea, chest distress, all of which are eas-
ily aggravated. COPD is related to seasonal changes
and tends to occur in autumn and winter when the

be prevented and treated. Since smoking is a major
risk factor and the underlying cause of the inflamma-
tory response and oxidative stress in COPD, quitting
smoking is important, as well as the most economical
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and effective approach to its prevention [4]. At the
same time, reducing occupational exposure to harm-
ful dust gases, improving indoor and outdoor air
quality and avoiding air pollution are also effective
measures to prevent COPD [5].

Studies have found that autophagy participates in
the regulation of COPD [6]. Autophagy is a lysosom-
al-dependent degradation pathway that is ubiquitous
in cells and is very important for the maintenance
of their homeostasis [7]. Autophagy is manifested
as autophagosome formation resulting in the en-
capsulation of endogenous substances in single- or
double-layer membranes, fusion with lysosomes to
form autophagolysosomes, and degradation of their
contents. Studies have shown that autophagy plays an
important role in intracellular homeostasis, tumors,
heart failure, neurodegenerative diseases, aging-relat-
ed diseases and other life processes [7,8]. Exposure to
first- and second-hand cigarette smoke is the leading
cause of COPD initiation and progression [9], which
may cause elevated inflammatory-oxidative stress-
mediated cellular apoptosis [10], and increased ex-
pression of autophagy markers [11].

It has been suggested that novel therapeutics can
be developed based on autophagy in COPD patho-
physiology, to provide a target-specific treatment for
COPD [7]. Increased autophagy was observed in lung
tissue of COPD patients, and induction of autophagy
at early stages of COPD progression points to nov-
el therapeutic targets for the treatment of cigarette
smoke-induced lung injury [12].

There are many drugs used in COPD treatment,
and although they are effective in disease treatment,
their side effects are widely observed, such as in-
creased airway wall thickness caused by bronchodi-
lators [13] and skin bruising caused by corticosteroids
[14]. Thus, alternative therapeutic strategies with few-
er or no side effects have been explored for a better
clinical approach, and herbal medicines are among the
substitutive therapies studied. Xiaoqinglong decoc-
tion, for example, a classic herbal formula in tradi-
tional Chinese medicine (TCM), which is composed
of eight herbal materials, including Ephedrae Herba,
Radix Paeoniae Alba, Asarum sieboldii Miq., Rhizoma
Zingiberis, honey-fried licorice root (Glycyrrhiza ura-
lensis), cassia twig (Ramulus Cinnamomi), Schisandra

Arch Biol Sci. 2021;74(1):5-14

chinensis and Pinellia ternata, and was recorded in
Shang Han Lun in the Han Dynasty of China, was
shown to attenuate COPD in rats via inhibition of
autophagy [15]. Chinese herbs are often used in for-
mulae to obtain synergistic effects or diminish pos-
sible adverse reactions [16], In TCM, the pathogen-
esis of chronic pulmonary disease is believed to be
closely related to the deficiency and excess in lung and
spleen functions, respectively. In the present study, we
evaluated the effect of the Buyuan decoction (BYD),
an effective herbal formula developed by Professor
Hong Guangxiang, a famous TCM physician from
the Jiangxi University of Chinese Medicine, through
his experience in treating patients with COPD. The
decoction has the effect of “reinforcing deficiency
and purging excess”, which is the principle of treat-
ing COPD in TCM [17], as well as “replenishing qi”
to strengthen defense.

Our previous studies found that this formula pro-
duces a certain effect on COPD rats [18-21]. It can
significantly improve clinical symptoms and dyspnea,
walking distance in 6 min, lung function, reduce the
frequency and severity of the disease compared to
western medicine, delay or even block further de-
velopment of COPD, improve the quality of life of
patients, and it is safe to use [22].

The BYD is composed of Codonopsis pilosula,
Atractylodes macrocephala, Radix Astragali (Astragalus
mongholicus), Radix Angelicae Sinensis (Angelica
sinensis), Rhizoma Cimicifugae (Cimicifuga foeti-
da), Radix Bupleuri (Bupleurum chinense), Herba
Cynomorii (Cynomorium songaricum), Fructus Corni
(Cornus officinalis), Pericarpium Citri Reticulatae
(Citrus reticulata), and Radix Glycyrrhizae Preparata
(Glycyrrhiza uralensis). The main effects and ac-
tivities of these herbal materials are presented in
Supplementary Table SI.

In this study, we explored the mechanism of the
BYD on autophagy in COPD rats by observing chang-
es in autophagy-related proteins after treatment. We
hypothesized that the BYD can suppress the occur-
rence of autophagy via regulation of the expression
of the autophagy-related proteins and PI3K pathway
activation. The findings may help to develop a novel
therapeutic approach for COPD.
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MATERIALS AND METHODS

Ethics statement

The research protocol was approved by the Animal
Care and Use Committee of the Jiangxi University of
Chinese Medicine and conducted in compliance with
institutional guidelines.

Experimental animal

Thirty-six 4-week-old specific-pathogen-free grade
male Sprague-Dawley rats (130-150 g) were purchased
from Hunan SJA Laboratory Animal Co., Ltd, Hunan,
P.R. China (license SCXK (Hunan) (2016-0002)). The
rats were raised in non-toxic plastic boxes and metal
cages with a stainless-steel wire cover and movable
cage frame, which could be sterilized by various disin-
fection methods. The rats were kept in a constant 12 h
light/dark cycle and allowed food and water ad libitum.

Preparation of the BYD

The BYD is composed of 30 g Codonopsis pilosula, 15
g Atractylodes macrocephala stir-fried with bran, 30 g
Radix Astragali, 10 g Radix Angelicae Sinensis, 10 g
Rhizoma cimicifugae, 10 g Radix Bupleuri, 15 g Herba
Cynomorii, 15 g Fructus Corni, 10 g Pericarpium Citri
Reticulatae, and 10 g Radix Glycyrrhizae Preparata. All
the medicinal materials used in this experiment were
TCM formula granules purchased from Guangdong
Yifang Pharmaceutical Co., Ltd., Guangdong, P.R.
China, that passed the inspection of the Guangdong
Food and Drug Administration. The formula granules
were diluted with physiological saline before use.

Reagents

Jinsheng cigarettes were purchased from Nanchang
Cigarette Factory of China Tobacco Jiangxi Industrial
LLC, Jiangxi, P.R. China; 3-methyladenine was ob-
tained from MedChemExpress LLC, NJ, USA. The
following reagents were used: radioimmunoprecipi-
tation (RIPA) lysis buffer (Applygen Technologies
Inc., Beijing, P.R. China); polyvinylidene difluoride
(PVDF) membrane (Merck Millipore, Burlington,
MA, USA); enhanced chemiluminescence (ECL)
(Thermo Fisher Scientific, Waltham, MA, USA);

mouse monoclonal anti-glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (1:2000), goat anti-mouse
immunoglobulin G (IgG) high and light chains (H+L)
horseradish peroxidase (HRP) conjugate (1:2000),
goat anti-rabbit IgG (H+L) HRP conjugate (1:2000)
(ZSGB-BIO; OriGene Technologies, Inc., Beijing,
China); rabbit polyclonal anti-microtubule-associat-
ed protein 1 light chain 3 (LC3)-II/I (1:2000), rabbit
polyclonal anti-BCL2 interacting protein 1 (BNIP1)
(1:5000), rabbit polyclonal anti-autophagy related
7 (ATG7) (1:30000), rabbit polyclonal anti-p62
(1:30000), rabbit polyclonal anti-phosphoinositide
3-kinase (PI3K) (1:1000), rabbit polyclonal anti-phos-
phoinositide 3-kinase (p-PI3K) (1:500) (Abcam PLC,
Cambridge, UK); lipopolysaccharide (LPS) (Sigma-
Aldrich, St. Louis, MO, USA); hematoxylin solution,
eosin (BosterBio, Pleasanton, CA, USA); Scott’s Bluing
reagent (Beijing Solarbio Science & Technology Co.,
Ltd., Beijing, China); uranium acetate and lead citrate
(Nanjing SenBeiJia Biological Technology Co., Ltd.,
Jiangsu, PR. China); bicinchoninic acid (B CA) assay
kit (Beijing Cowinbioscience Co. Ltd., Beijing, P.R.
China); sodium pentobarbital (Wuhan HeChang
Chemical Co., Ltd., Hubei, PR. China).

Instrumentation

The instrumentation was as follows: fluorescence mi-
croscope (CKX53, Olympus Corp., Shinjuku, Tokyo,
Japan); transmission electron microscope (TEM)
(JEM-1230 (80 KV), JEOL Inc., Akishima, Tokyo,
Japan); vertical protein electrophoresis apparatus
(DYY-6C, Beijing Liuyi Biotechnology Co., Ltd.,
Beijing, PR. China); ultra-high sensitivity chemilu-
minescence imaging system (Chemi Doc™ XRS+,
Bio-Rad Laboratories, Inc., Shanghai, PR. China); ul-
tramicrotome (EM UC7, Leica Microsystems, Wetzlar,
Germany); Quantity One software (v4.6.6, Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

Experimental grouping

The rats were randomly allocated into 6 groups: 1)
blank control (normal control), 2) COPD model +
saline (experimental model), 3) COPD model + low-
dose BYD (8.0 g/kg/day) (low-dose BYD), 4) COPD
model + medium-dose BYD (16.0 g/kg/day) (medi-
um-dose BYD); 5) COPD model + high-dose BYD



(32.0 g/kg/day) (high-dose BYD); 6) COPD model
+ 3-methyladenine group (3-MA) (n=6 per group).

Establishment of the COPD rat model

Except for the blank control group, the rats in the other
groups were given intratracheal administration of li-
popolysaccharide (LPS) (0.01 mg/kg, formulated as a
1 mg/mL solution) on day 1 and day 14, and regularly
exposed to cigarette smoke for 30 min each morning,
1 cigarette per exposure, once daily, on days 2-13 and
days 15-28. To reduce the effect of water vapor pro-
duced by the process of cigarette burning on rats, acti-
vated charcoal was placed at the bottom of the smoke
box. The rats were fed regularly after smoke exposure.

The treatments were started on day 15. The BYD
groups received 20-mL/kg twice-daily intragastric ad-
ministration of low-dose BYD (8.0 g crude drug/kg/
day), medium-dose BYD (16.0 g crude drug/kg/day)
or high-dose BYD (32.0 g crude drug/kg/day). The
experimental model group received intragastric ad-
ministration of equal amounts of physiological saline.
The 3-MA group received intragastric administration
of 3-methyladenine 15 mg/kg once daily. The blank
control group was not given any medication. All ani-
mals were maintained for 42 days. Their weights were
recorded at the same time every Monday. Thereafter,
the rats were anesthetized with an intraperitoneal in-
jection of 45 mg/kg sodium pentobarbital and eutha-
nized by cervical dislocation. The lungs were removed
by thoracotomy and the lung tissue was collected. The
successful establishment of the experimental rat mod-
el was followed by histopathological staining.

Histopathological examination of rat lung tissue
by hematoxylin-eosin staining (H&E)

The lung tissue was rinsed with water for several
hours and subjected to gradient dehydration in 70%,
80% and 90% ethanol solutions. The specimen was
placed in a mixed solution containing equal amounts
of pure alcohol and xylene for 15 min, followed by
xylene I and II for about 15 min each (until clear).
The specimen was then placed in a mixed solution
containing equal amounts of xylene and paraffin
for 15 min, and in paraffin I and II, for 50-60 min
each, and paraffin embedded. The paraffin section
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was baked, de-waxed and hydrated. The sections that
were placed in distilled water and stained with a he-
matoxylin aqueous solution for 3 min, followed by an
ethanol hydrochloride solution for 15 s, rinsed and
placed in a bluing reagent for 15 s. The sections were
washed with running water, stained with eosin for 3
min, washed with running water, dehydrated, cleared,
mounted and examined under the microscope. The
histopathological assessment was performed blind on
randomized sections. The severity of the inflamma-
tory cell infiltration in the airway was estimated with
a 4-point scoring system [41] as follows: 0 - normal;
1 - few cells; 2 — a ring of inflammatory cells one cell
layer deep; 3 - a ring of inflammatory cells, two to
four cells deep; 4 - a ring of inflammatory cells more
than four cells deep.

Examination of rat lung tissue under a
transmission electron microscope (TEM)

Specimens were fixed in 2.5% glutaraldehyde and
phosphate buffer solution for 2 h or more and rinsed
three times with 0.1 M phosphoric acid cleaner for 15
min. The specimens were fixed in 1% osmic acid fixa-
tive for 2-3 h, rinsed three times with 0.1 M phosphoric
acid cleaner for 15 min, dehydrated, embedded and
solidified. The specimen was then sliced with an ultra-
microtome into 70 nm thickness, stained with uranium
acetate and lead citrate, and observed under a TEM.

Protein expression of LC3-11/I, BNIP-1, ATG7,
p62, PI3K and p-PI3K in rat lung tissue detected
by Western blotting

The corresponding lysis buffer was added to the cells
in each group, lysed at 4°C for 30 min, and centrifuged
at 13500xg for 30 min. The supernatant was carefully
aspirated to obtain the total protein. The protein con-
centration was determined by the bicinchoninic acid
protein assay, followed by protein denaturation and
sample loading. Electrophoresis was conducted for
1-2 h, followed by wet transfer for 30-50 min. Primary
antibody incubation was performed at 4°C overnight.
The secondary antibody incubation was performed
at room temperature for 1-2 h and enhanced chemi-
luminescence (ECL) was completed. The gray value
of each antibody band was analyzed using “Quantity
one” software.
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Statistical analysis

All data was analyzed by SPSS 19.0 (IBM Corp.,
Armonk, NY, USA). The results were presented as
meanzstandard deviations (* * s). Significant differ-
ence between groups were determined using analysis
of variance (ANOVA) with P<0.05 as the threshold
value for statistical significance.

RESULTS
Establishment of the COPD rat model

The alveoli in the normal control group were clearly
visible and the amount of collagen fibers was not obvi-
ously increased. The experimental model group had
a large number of inflammatory infiltrates (indicated
by arrows), the alveoli were significantly enlarged, and
emphysema was observed (Supplementary Fig. S1A).
The lung injury score for the experimental model
group was significantly higher than that of the con-
trol group (P<0.05) (Supplementary Fig. S1B). These
tindings indicated the successful establishment of the
COPD rat model.

BYD reduced inflammatory cell infiltration in rat
lung tissue observed by H&E staining

In the normal control group, the alveoli were clearly
visible, and the amount of collagen fibers was not
obviously increased. The experimental model group
showed a large number of inflammatory infiltrates
(indicated by arrows), the alveolar cavity was sig-
nificantly enlarged, and emphysema was obvious.
Compared with the experimental model group, the in-
flammatory infiltrates in the lung tissue were reduced
in the treatment groups, and this was most obvious in
the low-dose BYD group (Fig. 1A).

BYD improved karyopyknosis in rat lung tissue as
observed under TEM

As shown in Fig. 1B, for the normal control group the
structure of the pulmonary epithelial organelles was
normal and the air-blood barrier was intact. In the
experimental model group, the endoplasmic reticu-
lum was expanded and karyopyknosis was observed

Fig. 1. A - H&E staining of lung tissue in each experimental group
of rats. In the normal control group, the alveoli were clearly visible,
and the amount of collagen fibers were not obviously increased.
The experimental model group showed inflammatory infiltrates
(indicated by arrows), the alveolar cavity was significantly en-
larged, and emphysema was observed. Compared to the experi-
mental model group, the inflammatory infiltrates in the lung tissue
were reduced in the treatment groups, and this was most obvious
in the low-dose BYD group. n=6 per group, designated as the
hematoxylin-eosin (HE), Buyuan decoction (BYD) and methyl-
adenine (MA) groups. B - Lung tissue of rats in each group under
TEM. In the normal control group, the structure of the pulmonary
epithelial organelles was normal, and the air-blood barrier was in-
tact. In the experimental model group, the endoplasmic reticulum
was expanded and karyopyknosis was detected (indicated by ar-
row). Compared with the experimental model group, the nuclei of
the pulmonary epithelial cells in the BYD treatment groups were
restored to normal, and this was most obvious in the low-dose
BYD group (indicated by arrows). n=6 per group.

(indicated by the arrow). Compared with the experi-
mental model group, the nuclei of the pulmonary
epithelial cells in the BYD-treatment groups were
restored to normal, and this was most obvious in the
low-dose BYD group.
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BYD downregulated LC3, BNIP1, ATG7 and
p-PI3K and upregulated p62 protein expressions
in rat lung tissue

The expressions of proteins that promote autopha-
gic vesicle formation in the experimental rat model
(LC3, BNIP1, ATG7 and p-PI3K) were significantly
upregulated, while p62 was significantly downregu-
lated (P<0.05, all). Compared with the experimen-
tal model group, protein expression of LC3, BNIPI,
ATG7 and p-PI3K in the treatment groups was signifi-
cantly downregulated to varying degrees, while p62
was significantly upregulated (P<0.05, all); the effect
was most obvious in the low-dose BYD group (Fig. 2).

DISCUSSION

COPD is a disease that is characterized by partial
reversibility of airflow restriction, which can be pre-
vented and treated. Its pathogenesis mainly includes
inflammatory response, oxidative stress imbalance,
and protease and antiprotease imbalance; additionally,
environmental and genetic factors may also play a role
in its pathogenesis [42].

The COPD model is an essential platform for
COPD research. There are many types of animals
that can be used to establish the model. Rats are an
often-selected animal model due to their docile char-
acter, strong reproductive ability, low breeding cost
and short life cycle; the genome of the rat is very close
to the human genome and is widely studied; the his-
topathological changes and immune response of rats
exhibit a high degree of similarity to that of humans
[43]. Since cigarettes are recognized as a high-risk
factor for COPD, combined with pathogenesis to es-
tablish the COPD model, the modeling time can be
shortened, and the established model is closer to the
COPD observed in patients in many aspects, such as
changes in pathophysiology, tissue structural changes
and general status [44]. Autophagy can be dysregu-
lated by different COPD risk factors, leading to cell
death or senescence and COPD progression. When
autophagy is dysregulated by factors such as cigarette
smoking, different environmental insults and ageing, it
can lead to aggresome-body formation and enhanced
production of reactive oxygen species (ROS), which
contribute to the pathogenesis of COPD [7].
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Fig. 2. The LC3-1I/I, BNIP1, ATG7, p62, PI3K and p-PI3K protein
expression detected by Western blotting in lung tissue of rats in
each group. Compared with the normal control group, *P<0.05;
compared with the experimental model group, “P<0.05; compared
with the medium dose BYD group, AP<0.05. The expression of
proteins that promote autophagic vesicle formation in the rat
model (LC3, BNIP1, ATG7 and p-PI3K) were significantly up-
regulated, while the expression of p62 was significantly down-
regulated (P<0.05, all). Compared to the model group, the protein
expression of LC3, BNIP1, ATG7 and p-PI3K was significantly
downregulated in varying degrees, while p62 was significantly
upregulated in the treatment groups (P<0.05, all); the effect was
most obvious in the low-dose BYD group. Data are presented
as the meanztstandard deviation. n = 6 per group. Microtubule-
associated protein 1 light chain 3 (LC3); BCL2 interacting protein
1 (BNIP1); autophagy related 7 (ATG?7); phosphoinositide 3-ki-
nase (PI3K); phosphorylated-phosphoinositide 3-kinase (p-PI3K);
Buyuan decoction (BYD); methyladenine (MA).

In this experiment, the COPD model was estab-
lished by intratracheal administration of LPS and ex-
posure to cigarette smoke for 8 weeks. The histopatho-
logical findings in lungs demonstrated a large number
of inflammatory infiltrates, significant expansion of
the alveoli and obvious pulmonary emphysema in the
experimental model group, indicating the successful
establishment of the COPD rat model. Previous studies
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showed that the BYD can enhance immunity, and that
it acts as an effective regulator of the inflammatory re-
sponse and signaling pathway [45]. 3-Methyladenine
is a cell autophagy inhibitor that was used as a positive
control in this study [46]. The histopathological and
TEM results showed decreased inflammatory infil-
trates in rat lung tissue and epithelial cell nuclei were
restored to normal, particularly in the low-dose BYD
group, suggesting that the BYD exerts a beneficial ef-
fect in alleviating COPD in the rat experimental model.

LC3 is a marker protein on the autophagosome
membrane and a specific index reflecting autophagy.
When autophagy is established, LC3I decreases while
LC3II increases. Autophagic activity can be determined
by LC3 expression and changes in the LC3II/LC3I ratio
[15]. Previous studies showed that autophagosome for-
mation increased in patients with COPD and that the
conversion of LC3B-I to LC3B-II increased, with the
mRNA and protein levels of some autophagy-related
genes increasing significantly [47]. The results of this
study established that LC3II/LC3I in the COPD model
group increased significantly, indicating the occurrence
of autophagy, with LC3II/LC3I decreasing after treat-
ment with different doses of BYD, suggesting that the
decoction inhibits the occurrence of autophagy. The
findings were consistent with the results of a previous
study with Xiaoqinglong decoction [15].

BNIP belongs to the BCL-2 family, which includes
BNIP1, BNIP2 and BNIP3. BNIP1 has the same Bcl-2
homology 3 (BH3) domain as the Bcl-2 homologous
antagonist/killer (Bak) that promotes apoptosis. This
protein is located in the endoplasmic reticulum, and
studies have shown that BNIP1 protein can serve
as an important junction molecule of the endoplas-
mic reticulum signaling network. It can also cause
mitochondrial fragmentation and has the function
of inducing apoptosis [48]. In recent years, there
have been many studies on the relationship between
BNIP1 protein and autophagy. It has been reported
that polyubiquitination of BNIP1 protein can recruit
autophagy receptor p62, which can simultaneously
bind ubiquitin and LC3 proteins, and link ubiquitina-
tion and autophagy together [49]. The results of this
study found that BNIP1 was significantly increased
in the COPD model group, and decreased after treat-
ment with different doses of BYD, indicating that the
decoction inhibits BNIP1 protein expression and thus
inhibits the occurrence of autophagy.
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ATG?7 is an autophagy-related genes. ATG7 is
an E1-like activating enzyme, which is essential for
the autophagy coupling system and autophagosome
formation. At the same time, ATG7 can control the
number and size of autophagosomes [50]. It plays an
important role in the formation of ATG5-ATG12-
ATGI16L and LC3 complexes and is involved in the
regulation of the autophagy pathway [51]. Studies
have shown that high expression of ATG7 is associ-
ated with autophagy [52], and that inhibition of ATG7
expression can inhibit autophagic death of cardiomyo-
cytes [53]. The results of this study show that ATG7
was significantly increased in the COPD model group,
and that it decreased after treatment with different
doses of the BYD. The findings suggest that high lev-
els of ATG7 may participate in the occurrence of au-
tophagy, and that the BYD may inhibit the occurrence
of autophagy by inhibiting ATG7 expression.

p62 is involved in different physiological and path-
ological processes, including autophagy. It is one of the
marker proteins reflecting autophagic activity [54]. p62
is an adaptor protein in autophagy that also regulates
the process of autophagy, and when autophagic activity
is lowered, p62 protein accumulates in the cytoplasm.
High expression of p62 will activate the mTORCI1 sig-
naling pathway, leading to the inhibition of autophagy
and abnormal accumulation of p62 protein [55]. Studies
showed that inhibition of p62 can increase ROS level
and decrease LC3II expression and the LC3II/LC3I
ratio [56]. The findings of this study showed that p62
regulates autophagy. p62 was significantly decreased in
the COPD model group and increased after treatment
with different doses of the BYD, which indicates that
P62 expression decreased when autophagic activity was
robust, and that the BYD increased p62 expression by
diminishing autophagic activity. These findings were
consistent with the results of the previous study with
Xiaoqinglong decoction [15].

PI3K, as an important component connecting
extracellular signals and multiple key cellular path-
ways, can influence a series of downstream signaling
molecules participating in the process of apoptosis
and autophagy [57]. Studies have shown that PI3K/
Akt/FoxO3a can regulate ubiquitin-proteasome and
autophagy-lysosome systems. It was also found that
when autophagy occurs, PI3K is activated, signifi-
cantly increasing the expression of p-PI3K [58]. The
results of this study showed that p-PI3K in the COPD
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experimental model group increased significantly
and decreased after treatment with different doses of
the BYD, indicating that autophagy is related to the
activation of PI3K and that the BYD can inhibit au-
tophagy through inhibition of PI3K activation.

Although activation of autophagy exhibits a protec-
tive effect in many diseases, in COPD the continuous
activation of autophagy due to prolonged exposure to
smoke exceeds the beneficial aspect of autophagy-me-
diated cell death. Thus, the protective effect of herbal
medicines on COPD may be due to their inhibition of
autophagy, while the protective effect on other tissue
damage is due to the activation of autophagy [15].

The findings of this study show that the BYD pos-
sesses a protective effect in attenuating COPD in rats.
There is likely a cooperative effect among the active
components involved in the therapeutic mechanism
[59]. The BYD can be a potential treatment for COPD,
acting via the combination of these active components,
which are responsible for its pharmacological effect.
Further studies should explore the active components
in the BYD and the mechanism of its effects. This study
adds to the growing literature on the use of herbal med-
icines to attenuate COPD and contributes towards the
development of a novel therapeutic approach based on
the context of autophagy in COPD pathophysiology.

Funding: This study was supported by the National Natural
Science Foundation of China (NSFC) (Grant 81760859); the
Jiangxi Provincial Department of Science and Technology Project
devoted to research on lung disease diagnosis and treatment
technology by the National Medical Master Hong Guangxiang
(Grant 20192BBG70044); the Jiangxi Provincial Health and
Family Planning Commission of Traditional Chinese Medicine
research project (Grant 2019A035); the National Research and
Training Program for Excellent Talents of Traditional Chinese
Medicine (Human Resources and Education Department of State
Administration of Traditional Chinese Medicine (Grant 2017/24).

Author contributions: Conceptualization, C. Huang, S. Li, Z.
Lan and L. Liu. Methodology, C. Huang, S. Li, Z. Lan and L. Liu.
Investigation, C. Huang, S. Li, C. Xu, W. Song and L. Xu. Intellectual
input, Z. Lan and L. Liu. Writing - original draft, C. Huang.
Reviewing and editing, Z. Lan. Supervision, Z. Lan and L. Liu.

Conlflict of interest disclosure: The authors declare no conflict
of interest.

Data availability: Data will be made available on request.

Arch Biol Sci. 2021;74(1):5-14

REFERENCES

1. Alotaibi NM, Chen V, Hollander Z, Hague CJ, Murphy DT,
Leipsic JA, DeMarco ML, FitzGerald JM, McManus BM,
Ng RT, Sin DD. Phenotyping COPD exacerbations using
imaging and blood-based biomarkers. Int ] Chron Obstruct
Pulmon Dis. 2018;13:217-29.
https://doi.org/10.2147/COPD.S152484

2. Wacker ME, Jorres RA, Karch A, Wilke S, Heinrich J,
Karrasch S, Koch A, Schulz H, Watz H, Leidl R, Vogelmeier
C, Holle R; COSYCONET-Consortium. Assessing health-
related quality of life in COPD: comparing generic and
disease-specific instruments with focus on comorbidities.
BMC Pulm Med. 2016;16(1):70.
https://doi.org/10.1186/s12890-016-0238-9

3. MacIntyre N, Huang YC. Acute exacerbations and respira-
tory failure in chronic obstructive pulmonary disease. Proc
Am Thorac Soc. 2008;5(4):530-5.
https://doi.org/10.1513/pats.200707-088ET

4.  Fernandez-Granero MA, Sanchez-Morillo D, Leon-Jimenez
A. An artificial intelligence approach to early predict symp-
tom-based exacerbations of COPD. Biotechnol Biotechnol
Equip. 2018;32(3):778-84.
https://doi.org/10.1080/13102818.2018.1437568

5. Jolly K, Sidhu MS, Hewitt CA, Coventry PA, Daley A, Jordan
R, Heneghan C, Singh S, Ives N, Adab P, Jowett S, Varghese
J, Nunan D, Ahmed K, Dowson L, Fitzmaurice D. Self-
management of patients with mild COPD in primary care:
randomised controlled trial. BMJ 2018;361:k2241.
https://doi.org/10.1136/bm;j.k2241

6. Liao SX, Sun PP, Gu YH, Rao XM, Zhang LY, Ou-Yang Y.
Autophagy and pulmonary disease. Ther Adv Respir Dis.
2019;13:1753466619890538.
https://doi.org/10.1177/1753466619890538

7. Tan WSD, Shen HM, Wong WSE Dysregulated autophagy in
COPD: A pathogenic process to be deciphered. Pharmacol
Res. 2019;144:1-7.
https://doi.org/10.1016/j.phrs.2019.04.005

8.  Levine B, Kroemer G. Autophagy in the pathogenesis of dis-
ease. Cell. 2008;132(1):27-42.
https://doi.org/10.1016/j.cell.2007.12.018

9. Postma DS, Bush A, van den Berge M. Risk factors and early
origins of chronic obstructive pulmonary disease. Lancet.
2015;385(9971):899-909.
https://doi.org/10.1016/50140-6736(14)60446-3

10. Bodas M, Vij N. Augmenting autophagy for prognosis
based intervention of COPD-pathophysiology. Respir Res.
2017;18(1):83. https://doi.org/10.1186/s12931-017-0560-7

11. Ryter SW, Chen ZH, Kim HP, Choi AM. Autophagy in
chronic obstructive pulmonary disease: homeostatic or
pathogenic mechanism? Autophagy. 2009;5(2):235-7.
https://doi.org/10.4161/auto.5.2.7495

12. Chen ZH, Kim HP, Sciurba FC, Lee SJ, Feghali-Bostwick C,
Stolz DB, Dhir R, Landreneau RJ, Schuchert MJ, Yousem
SA, Nakahira K, Pilewski JM, Lee JS, Zhang Y, Ryter SW,
Choi AM. Egr-1 regulates autophagy in cigarette smoke-
induced chronic obstructive pulmonary disease. PLoS One.
2008;3(10):e3316.
https://doi.org/10.1371/journal.pone.0003316



Arch Biol Sci. 2021;74(1):5-14

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Kim V, Desai P, Newell JD, Make BJ, Washko GR, Silver-
man EK, Crapo JD, Bhatt SP, Criner GJ; COPD Gene
Investigators. Airway wall thickness is increased in COPD
patients with bronchodilator responsiveness. Respir Res.
2014;15(1):84. https://doi.org/10.1186/s12931-014-0084-3
Calverley PM. The role of corticosteroids in chronic obstruc-
tive pulmonary disease. Semin Respir Crit Care Med.
2005;26(2):235-45. https://doi.org/10.1055/s-2005-869542
Wang H, Mao B, Chen C. Xiaoginglong decoction attenuates
chronic obstructive pulmonary disease in rats via inhibi-
tion of autophagy. Evid Based Complement Alternat Med.
2018;2018:6705871. https://doi.org/10.1155/2018/6705871
JinY, Qu C, Tang Y, Pang H, Liu L, Zhu Z, Shang E, Huang
S, Sun D, Duan JA. Herb pairs containing Angelicae Sinensis
Radix (Danggui): A review of bio-active constituents and
compatibility effects. ] Ethnopharmacol. 2016;181:158-71.
https://doi.org/10.1016/j.jep.2016.01.033

Wang LH, Zhang YB, Lan ZH. Treating chronic obstructive
pulmonary disease by treating both deficiency and excess.
China J Tradit Chin Med Pharm. 2010; 25(3):386-8. Chinese.
Lan ZH, Chen ZS, Song WL, Huang CY, Liu LJ. Influence
of Tonifying Zongqi formula in chronic obstructive pulmo-
nary disease rats about the nutritional status and the level
of serum prealbumin, leptin, TNF-a and myostatin. China J
Tradit Chin Med Pharm. 2018;33(12):5381-5. Chinese.
Song WL, Chen ZS, Chen YS, Gong L, Lan ZH. Study on
the influence of tonifying ZongQi in chronic obstructive
pulmonary disease rats about the nutritional status and the
level of serum prealbumin and TNF-a. J Jiangxi Univ Tradit
Chin Med. 2018;30(2):86-90. Chinese.

Lan Z, Zhong L, Chen Z, Li Q, He D, Guo G. Effect of toni-
fying Zong Qi on chronic obstructive pulmonary disease
remodeling of asthma rats. Chin Arch Tradit Chin Med.
2015;33(11):2659-61. Chinese.

Guo GZ, Song WL, Gan TM, Lan ZH. Research on mechanism
of intervening airway remodeling of COPD rats with Buyi
Zongqi formula based on MMP-9/TIMP-1 imbalance. China
J Tradit Chin Med Pharm. 2016;31(11):4678-80. Chinese.

Ye C, Xue H, Fu B, Chen G, Zhang Y, Lan Z, Shu Y. The
clinical study of Buyuan decoction interfering in the chronic
obstructive pulmonary disease in stable phase. J Jiangxi Univ
Tradit Chin Med. 2010;22(1):54-7. Chinese.

Hong DY, Lian YS, Shen LD. Codonopsis Wall (Campanula-
ceae). In: Editorial Committee of China Flora, editors. Flora
of China. Vol. 73. Beijing: Science Press; 1983. p. 32-69.

Gu Y, Wang T, Chen J, Zhou Z, Wang Y, Chen ], Liu N, Jiang
Z. The Chinese herb Codonopsis pilosula isolate isorhapon-
tigenin protects against oxidative stress injury by inhibiting
the activation of PI3K/AKkt signaling pathway. ] Integr Neu-
rosci. 2020;19(2):333-40.
https://doi.org/10.31083/j.in.2020.02.1152

Zhu B, Zhang QL, Hua JW, Cheng WL, Qin LP. The tra-
ditional uses, phytochemistry, and pharmacology of Atrac-
tylodes macrocephala Koidz.: A review. ] Ethnopharmacol.
2018;226:143-67. hitps://doi.org/10.1016/j.jep.2018.08.023
Jung Y, Jerng U, Lee S. A systematic review of anticancer
effects of radix astragali. Chin J Integr Med. 2016;22(3):225-
36. https://doi.org/10.1007/s11655-015-2324-x

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

13

Wang X, Li Y, Liu D, Wang Y, Ming H. Astragalus poly-
saccharide inhibits autophagy and regulates expression
of autophagy-related proteins in lung cancer A549 cells
induced by xanthine oxidase. Chin J Cell Mol Immunol.
2019;35(7):619-24. Chinese.

Ma TT, Feng XZ, Wang XY. [Effects and mechanism of
Angelicae Sinensis Radix on Th1/Th2 and Th17/Treg in
mice with asthma and Yin deficiency syndrome]. China J
Chin Materia Medica 2017;42(4):758-62. Chinese.

Qi H, Jiang Z, Wang C, Yang Y, Li L, He H, Yu Z. Sensitiza-
tion of tamoxifen-resistant breast cancer cells by Z-ligusti-
lide through inhibiting autophagy and accumulating DNA
damages. Oncotarget 2017;8(17):29300-17.
https://doi.org/10.18632/oncotarget.16832

Kim SJ, Kim MS. Inhibitory effects of cimicifugae rhizoma
extracts on histamine, bradykinin and COX-2 mediated
inflammatory actions. Phytother Res. 2000;14(8):596-600.
https://doi.org/10.1002/1099-1573(200012)14:8<596::AID-
PTR731>3.0.CO;2-V

Sun H, Huang M, Yao N, Hu ], Li Y, Chen L, Hu N, Ye W,
Chi-Shing Tai W, Zhang D, Chen S. The cycloartane trit-
erpenoid ADCX impairs autophagic degradation through
Akt overactivation and promotes apoptotic cell death in
multidrug-resistant HepG2/ADM cells. Biochem Pharmacol.
2017;146:87-100. https://doi.org/10.1016/j.bcp.2017.10.012
Yang F, Dong X, Yin X, Wang W, You L, Ni J. Radix
Bupleuri: A review of traditional uses, botany, phyto-
chemistry, pharmacology, and toxicology. Biomed Res Int.
2017;2017:7597596. https://doi.org/10.1155/2017/7597596
FuR, Zhang L, Li Y, Li B, Ming Y, Li Z, Xing H, Chen J. Saiko-
saponin D inhibits autophagosome-lysosome fusion and
induces autophagy-independent apoptosis in MDA-MB-231
breast cancer cells. Mol Med Rep. 2020;22(2):1026-34.
https://doi.org/10.3892/mmr.2020.11155

Ko KM, Leung HY. Enhancement of ATP generation capac-
ity, antioxidant activity and immunomodulatory activities by
Chinese Yang and Yin tonifying herbs. Chin Med. 2007;2:3.
https://doi.org/10.1186/1749-8546-2-3

MaX, LiuJ, Yang L, Zhang B, Dong Y, Zhao Q. Cynomorium
songaricum prevents bone resorption in ovariectomized rats
through RANKL/RANK/TRAF6 mediated suppression of
PI3K/AKT and NF-kB pathways. Life Sci. 2018;209:140-8.
https://doi.org/10.1016/j.1fs.2018.08.008

Dong Y, Feng ZL, Chen HB, Wang FS, Lu JH. Corni Fruc-
tus: a review of chemical constituents and pharmacological
activities. Chin Med. 2018;13:34.
https://doi.org/10.1186/s13020-018-0191-z

Qu YJ, Zhen RR, Zhang LM, Gu C, Chen L, Peng X, Hu
B, An HM. Uncovering the active compounds and effec-
tive mechanisms of the dried mature sarcocarp of Cornus
officinalis Sieb. Et Zucc. For the treatment of Alzheimer’s
disease through a network pharmacology approach. BMC
Complement Med Ther. 2020;20(1):157.
https://doi.org/10.1186/s12906-020-02951-2

YuX, Sun S, Guo Y, Liu Y, Yang D, Li G, L S. Citri Reticu-
latae Pericarpium (Chenpi): Botany, ethnopharmacology,
phytochemistry, and pharmacology of a frequently used tra-
ditional Chinese medicine. ] Ethnopharmacol. 2018;220:265-
82. https://doi.org/10.1016/j.jep.2018.03.031


https://doi.org/10.1002/1099-1573(200012)14:8<596::AID-PTR731>3.0.CO;2-V
https://onlinelibrary.wiley.com/doi/10.1002/1099-1573(200012)14:8%3C596::AID-PTR731%3E3.0.CO;2-V

14

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Yang M, Jin Y, Yang LP. A systematic summary of natu-
ral compounds in Radix Glycyrrhizae. Tradit Med Res.
2018;3(2):82-94. https://doi.org/10.53388/TMR201810067
Wang CY, Kao TC, Lo WH, Yen GC. Glycyrrhizic acid
and 18f-glycyrrhetinic acid modulate lipopolysaccharide-
induced inflammatory response by suppression of NF-kB
through PI3K p1108 and p110y inhibitions. ] Agric Food
Chem. 2011;59(14):7726-33.
https://doi.org/10.1021/jf2013265

Myou S, Leff AR, Myo S, Boetticher E, Tong ], Meliton AY,
Liu J, Munoz NM, Zhu X. Blockade of inflammation and
airway hyperresponsiveness in immune-sensitized mice by
dominant-negative phosphoinositide 3-kinase-TAT. ] Exp
Med. 2003;198(10):1573-82.
https://doi.org/10.1084/jem.20030298

Sarc I, Ziherl K, Esquinas AM. How important is oxygen
titration in hypercapnic COPD exacerbation? Wien Klin
Wochenschr. 2019;131(5-6):132-3.
https://doi.org/10.1007/s00508-019-1464-y

He E Liao B, Pu]J, Li C, Zheng M, Huang L, Zhou Y, Zhao D,
Li B, Ran P. Exposure to ambient particulate matter induced
COPD in a rat model and a description of the underlying
mechanism. Sci Rep. 2017;7:45666.
https://doi.org/10.1038/srep45666

Zhang K, Guo L, Wei Q, Song Q, Liu J, Niu J, Zhang L, Ruan
Y, Luo B. COPD rat model is more susceptible to cold stress
and PM2.5 exposure and the underlying mechanism. Envi-
ron Pollut. 2018;241:26-34.
https://doi.org/10.1016/j.envpol.2018.05.034

Qiu T, Qiu C, Mo X, Yang F. Clinical observation on Yiqi
Jianpi Buyuan decoction myasthenia gravis with Qi defi-
ciency. Chin J Tradit Med Sci Tech. 2015;22(6):710-1. Chi-
nese.

LiJ, Yang D, Wang W, Piao S, Zhou J, Saiyin W, Zheng C,
Sun H, Li Y. Inhibition of autophagy by 3-MA enhances IL-
24-induced apoptosis in human oral squamous cell carci-
noma cells. ] Exp Clin Cancer Res. 2015;34(1):97.
https://doi.org/10.1186/s13046-015-0211-0

LiL, Zhang M, Zhang L, Cheng Y, Tu X, Lu Z. Klotho regu-
lates cigarette smoke-induced autophagy: implication in
pathogenesis of COPD. Lung 2017;195(3):295-301.
https://doi.org/10.1007/s00408-017-9997-1

Aouacheria A, Brunet E Gouy M. Phylogenomics of life-or-
death switches in multicellular animals: Bcl-2, BH3-Only,
and BNip families of apoptotic regulators. Mol Biol Evol.
2005;22(12):2395-416.
https://doi.org/10.1093/molbev/msi234

Nakajima K, Hirose H, Taniguchi M, Kurashina H, Arasaki
K, Nagahama M, Tani K, Yamamoto A, Tagaya M. Involve-
ment of BNIPI in apoptosis and endoplasmic reticulum
membrane fusion. EMBO ] 2004;23(16):3216-26.
https://doi.org/10.1038/sj.embo;j.7600333

Arakawa S, Honda S, Yamaguchi H, Shimizu S. Molecular
mechanisms and physiological roles of Atg5/Atg7-indepen-

51.

52.

53.

54.

55.

56.

57.

58.

59.

Arch Biol Sci. 2021;74(1):5-14

dent alternative autophagy. Proc Jpn Acad Ser B Phys Biol
Sci. 2017;93(6):378-85. https://doi.org/10.2183/pjab.93.023
Gao AM, Zhang XY, Hu JN, Ke ZP. Apigenin sensitizes hepa-
tocellular carcinoma cells to doxorubic through regulating
miR-520b/ATG7 axis. Chem Biol Interact. 2018;280:45-50.
https://doi.org/10.1016/j.cbi.2017.11.020

Palanisamy K, Tsai TH, Yu TM, Sun KT, Yu SH, Lin FY,
Wang IK, Li CY. RNA-binding protein, human antigen R
regulates hypoxia-induced autophagy by targeting ATG7/
ATGI16LI expressions and autophagosome formation. J Cell
Physiol. 2019;234(5):7448-58.
https://doi.org/10.1002/jcp.27502

Feng Y, Liu J, Guo W, Guan Y, Xu H, Guo Q, Song X, Yi E,
Liu T, Zhang W, Dong X, Cao LL, O’Rourke BP, Cao L. Atg7
inhibits Warburg effect by suppressing PKM2 phosphoryla-
tion resulting reduced epithelial-mesenchymal transition. Int
J Biol Sci. 2018;14(7):775-83.
https://doi.org/10.7150/ijbs.26077

Zaffagnini G, Savova A, Danieli A, Romanov J, Tremel
S, Ebner M, Peterbauer T, Sztacho M, Trapannone R,
Tarafder AK, Sachse C, Martens S. p62 filaments capture
and present ubiquitinated cargos for autophagy. EMBO J.
2018;37(5):¢98308.
https://doi.org/10.15252/embj.201798308

Bartolini D, Dallaglio K, Torquato P, Piroddi M, Galli F.
Nrf2-p62 autophagy pathway and its response to oxidative
stress in hepatocellular carcinoma. Transl Res. 2018;193:54-
71. https://doi.org/10.1016/j.trsl.2017.11.007

Zheng S, Han F, Shi Y, Wen L, Han D. Single-prolonged-
stress-induced changes in autophagy-related proteins
Beclin-1, LC3, and p62 in the medial prefrontal cortex of
rats with post-traumatic stress disorder. ] Mol Neurosci.
2017;62(1):43-54.
https://doi.org/10.1007/s12031-017-0909-x

Henry WS, Laszewski T, Tsang T, Beca F, Beck AH, McAllis-
ter SS, Toker A. Aspirin suppresses growth in PI3K-mutant
breast cancer by activating AMPK and inhibiting mTORC1
signaling. Cancer Res. 2017;77(3):790-801.
https://doi.org/10.1158/0008-5472.CAN-16-2400

Jia Y, Mo SJ, Feng QQ, Zhan ML, OuYang LS, Chen JC, Ma
YX, Wu JJ, Lei WL. EPO-dependent activation of PI3K/
Akt/FoxO3a signalling mediates neuroprotection in in vitro
and in vivo models of Parkinson’s disease. ] Mol Neurosci.
2014;53(1):117-24.
https://doi.org/10.1007/s12031-013-0208-0

Foucquier J, Guedj M. Analysis of drug combinations: cur-
rent methodological landscape. Pharmacol Res Perspect.
2015;3(3):e00149. https://doi.org/10.1002/prp2.14

Supplementary Material

The Supplementary Material is available at: https://www.serbio-
soc.org.rs/NewUploads/Uploads/Huang%20et%20al_7207_Sup-
plementary%20Material.pdf





