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Background: Chronic obstructive pulmonary disease (COPD) is a frequently occurring disorder. The aim 
of this study is to explore the mechanism of traditional Chinese medicine Morin monomer in the treatment 
of COPD via regulating autophagy based on the long non-coding RNA (lncRNA) H19/microRNA (miR)-
194-5p/Sirtuin (SIRT)1 signal axis.
Methods: The COPD rat model was constructed, and the lung tissues were collected. The pathological 
analysis was performed using hematoxylin-eosin (HE), Masson, and periodic acid-Schiff (PAS) staining. 
Autophagosomes were observed using transmission electron microscope. LncRNA H19, miR-194-5p, SIRT1 
genes in the rat lung tissues were detected using reverse transcription-quantitative real-time polymerase 
chain reaction (RT-qPCR). The autophagy-related proteins including SIRT1, mammalian/mechanistic target 
of rapamycin (mTOR), phosphorylated (p)-mTOR, microtubule-associated protein light chain 3 (LC3), 
Beclin-1, autophagy-related (ATG)7, and p62 in each group were detected using Western blot.
Results: The rats in the control group had normal lung structure. Alveolar enlargement and destruction 
could be found in the rat lung tissues in the model group, accompanied with obvious infiltration of 
inflammatory cells, thickened bronchial walls, enlarged alveolar septum, collagen fibers deposition, and 
goblet cells proliferation. In comparison with the model group, Morin treatment relieved the lung injuries, 
which was optimized in the moderate- and high-dose groups. The number of autophagosomes in the lung 
tissues of the model rats was dramatically increased compared with the normal rats. However, the number of 
autophagosomes in each Morin treatment group was obviously less than that in the model group. LncRNA 
H19 and SIRT1 expression was significantly increased in the model group, and miR-194-5p was significantly 
decreased (P<0.05). Morin and 3-methyladenine (3-MA) could obviously reduce the lncRNA H19 and SIRT1 
expression, and increase the miR-194-5p expression (P<0.05). Relative to control rats, ATG7, Beclin-1, 
LC3II/I and SIRT1 levels in the model group increased obviously, while the expression of p62, and p-mTOR/
mTOR decreased (P<0.05). Morin treatment reduced the expression of ATG7, Beclin-1, SIRT1, LC3II/I 
significantly, and increased the p-mTOR/mTOR and p62 expression (P<0.05).
Conclusions: Morin decreased lncRNA H19 expression, resulting in upregulation of miR-194-
5p expression, downregulation of SIRT1 expression, and increased of p-mTOR/mTOR expression. 
Furthermore, cell autophagy was inhibited, contributing to the COPD treatment. 
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Introduction

Chronic obstructive pulmonary disease (COPD) is a kind 
of frequently occurring disorder, seriously endangering 
human health. COPD is featured by the airway obstruction 
that is incomplete or irreversible, generally accompanied by 
alveolar destruction and mucous metaplasia. As a complex 
disease, COPD is affected by multiple factors, including 
genetic-environmental factor interactions, however, its 
underlying pathogenic mechanism remains unknown (1). 
Influenced by air pollution, dust, smoking and aging, the 
incidence of COPD is progressively rising.

Autophagy, a lysosome-dependent degradation process 
in eukaryotic cells, has a key function in maintaining cell 
homeostasis. Under normal physiological conditions, 
almost all cells have a basic level of autophagy, which could 
eliminate unfolded or misfolded proteins, and degrade 
proteins to generate amino acids for cell recirculation (2). 
Cell damage and programmed death caused by excessive 
autophagy or autophagy dysfunction exert a significant 
influence on disease onset and progression.

Mulberry (Morus L.) has been a traditional Chinese 
medicine since ancient China. Recently, numerous researches 
have demonstrated that mulberry branches contain a 
variety of bioactive components, such as alkaloids, phenols, 
polysaccharides, and flavonoids. Modern pharmacological 
studies also proved the anti-inflammatory, hypoglycemic, 

hypotensive, anticarcinogenic and anti-microbial activities of 
multiple extracts from Cortex Mori (3-5).

The abnormal expression of long non-coding RNA 
(lncRNA) has been confirmed to play an important role 
in the occurrence and development of various diseases, 
including COPD (6). Many lncRNAs that play a role in 
COPD have been discovered, for example, knocking out 
lncRNA taurine upregulated gene 1 (TUG1) can alleviate 
lung inflammatory damage in COPD (7,8). MicroRNAs 
(miRNAs) are also a subclass of non-coding RNAs, and 
the current research focus on miRNAs is their sponge 
adsorption by upstream lncRNAs, which leads to inhibition 
of biological functions (9). A study reported that lncRNA 
H19 leads to smoking related COPD by targeting the 
miR-181/programmed cell death protein (PDCD)4  
axis (10). In addition, in non-small cell lung cancer 
patients with COPD, lncRNA H19 and miR-675 levels are 
significantly upregulated (11).

In this study, we investigated the mechanism of Morin 
on cell autophagy in COPD rats. We aimed to study 
the mechanism of Morin in the treatment of COPD by 
regulating autophagy through lncRNA H19/miR-194-
5p/Sirtuin 1 (SIRT1) expression. A COPD rat model 
was established. The ultrastructure of the epithelial cells 
and autophagosomes was observed under a transmission 
electron microscope (TEM). The lncRNA H19, miR-194-
5p, and SIRT1 levels in each group were measured, and 
the downstream signaling pathways were detected with 
Western blot (WB). The findings of this study may provide 
a reference for the detection of new molecular targets 
for the prevention and treatment of COPD. We present 
this article in accordance with the ARRIVE reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-1836/rc).

Methods

Animals and reagents
 
Thirty-six specific-pathogen-free (SPF) Sprague-Dawley 
(SD) rats (male, 230–270 g) were purchased from Hunan 
SJA Laboratory Animal Co., Ltd [Certificate No. SCXK 
(Xiang) 2019-0004]. The rats were raised in cages under 
20–26 ℃, humidity 40–70%, and ad libitum to SPF 
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grade animal feed and sterilized drinking. Cigarette was 
purchased from China Tobacco Jiangxi Industrial LLC. 
Morin (Cat#654055-01-3) and 3-methyladenine (3-MA) 
(Cat#5142-23-4) was provided by Shanghai Yuanye Bio-
Technology Co., Ltd. (Shanghai, China). Hematoxylin 
(Cat#ZLI-9610) was from ZSGB-Bio Inc., Beijing, 
China. Eosin (Cat#G1100), Modified Masson’s Trichrome 
Stain Kit (Cat#G1345), and periodic acid-Schiff (PAS) 
Stain Kit (Cat#G1281) were from Solarbio, Beijing, 
China. Trizon Reagent (Cat#CW0580S), Ultrapure 
RNA Kit (Cat#CW0581M), miRNA complementary 
DNA (cDNA) Synthesis Kit (Cat#CW2141S), miRNA 
quantitative polymerase chain reaction (qPCR) Assay 
Kit (Cat#CW2142S) and miRNA Purification Kit 
(Cat#CW0627S) were from CoWin Biosciences (CWBIO). 
Hiscript II Q RT SuperMix for qPCR (Cat#R223-01) was 
provided by Vazyme, Nanjing, China. 2× SYBR Green PCR 
Master Mix (Cat#A4004M) was provided by Xiamen LifeInt 
Technology Co., Ltd. (Xiamen, China).

Experimental grouping

A protocol was prepared before the study without 
registration. The protocol of this study was approved by the 
Ethics Committee of Guizhou Provincial People’s Hospital 
(approval No. 202021-010), and conducted in compliance 
with the institutional guidelines for the care and use of 
animals. The rats were randomly allocated into control, 
model group, low-dose Morin (25 mg/kg/d), medium-dose 
Morin (50 mg/kg/d), high-dose Morin (100 mg/kg/d), and 
3-MA (15 mg/kg/d) groups (n=6/group). Randomization 
sequence was generated using random-number table. The 
dose for Morin was obtained based on previous studies 
(12,13). All experiments were conducted in the laboratory. 
The investigators performing the subsequent experiments 
and data analysis were blinded to the grouping allocation.

COPD modeling

The rats were anesthetized with an intraperitoneal 
injection of 1% of pentobarbital sodium (3 mL/kg)  
and received 0.2 mL intratracheal  inst i l lat ion of 
lipopolysaccharides (LPS) on the 1st and the 14th day. 
After injection, the rats were rotated upright for 1 min to 
distribute the LPS evenly in the lungs. Cigarette smoke 
exposure was given in a passive smoking chamber with 1 
cigarette for 30 min once a day for each rat from the 2nd to 
13th day and 15th to 28th day, respectively. 

The rats in the low-dose Morin group received Morin 
suspension (5 mg/mL) by oral gavage (0.5 mL/100 g) on 
the 15th day for six consecutive weeks (25 mg/kg/d). The 
rats in the medium-dose Morin group received Morin 
suspension (5 mg/mL) by oral gavage (1 mL/100 g) on the 
15th day for six consecutive weeks (50 mg/kg/d). The rats 
in the high-dose Morin group received Morin suspension  
(10 mg/mL) by oral gavage (1 mL/100 g) on the 15th day 
for six consecutive weeks (100 mg/kg/d). 

The rats in the 3-MA group received intraperitoneal 
injection of 3-MA solution (5 mg/mL) on the 15th day for 
six consecutive weeks (15 mg/kg/d). 

After completed treatment, the rats were anesthetized. 
Blood samples were obtained from the abdominal aorta. 
The lung tissues were taken.

Tissue preparation and hematoxylin-eosin (HE) staining

The lung tissues were gathered and fixed with 10% 
paraformaldehyde. The tissue sections were gradient 
dehydrated using ethyl alcohol, cleared with xylene, and 
immersed in paraffin. A 4 μm paraffin section was then 
prepared, followed by 3 min of hematoxylin staining, rinsed 
with deionized water, followed by 15 s of differentiation 
with differentiation fluid. Then, the section was subjected 
to 3 min of eosin staining and 3 min of soaking with tap 
water. Subsequently, gradient alcohol was used to dehydrate 
the section for 2 min, followed by clearing with xylene for 
20 min and sealing with neutral gum. Light microscope 
(CX41; Olympus, Japan) was used to capture images.

Masson staining

Masson staining was performed in accordance with the 
manufacturer’s protocol. Sections were incubated with Bouin 
solution for 2 h under 37 ℃, followed by 3 min of celestite 
blue staining. After 10 s of rinsing with deionized water, 
the sections were subjected to 10 min of Ponceau solution 
staining, 6 min of phosphomolybdic acid solution staining, 
and 20 min of aniline blue staining, followed by 2 min of 
gradient ethanol dehydration (95%, 100%). Xylene was 
used to clear the sections for 2 min thrice. Then, the tissue 
slices were sealed with neutral resin. Finally, the images were 
acquired using a light microscope (CX41; Olympus).

Glycogen PAS staining

The lung tissue sections were dehydrated and washed with 
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tap water for 3 min. The sections were stained with periodic 
acid for 7 min at room temperature, subjected to Schiff 
reagent for 15 min in the dark, and followed by hematoxylin 
staining for 3 min at room temperature. After differentiation 
with acidic differentiation fluid for 2–5 s, a 10 min  
washing was performed with tap water, and the images were 
obtained using a light microscope (CX41; Olympus).

Transmission electron microscopy (TEM) detection

The collected lung tissues were subjected to 2 h of fixation 
with 2.5% glutaraldehyde plus 2% paraformaldehyde, 
followed by another 2 h of post-fixation with 1% OsO4 
under 4 ℃. Thereafter, each sample was treated with 
gradient ethanol dehydration and epoxy resin embedding. 
Subsequently, the 1-μm sections were prepared, followed 
by 1% toluidine blue staining. A representative block was 
selected for ultrathin sectioning. Subsequently, 70-nm 
sections were prepared, followed by double-staining using 
7.3% uranyl acetate and lead citrate, and observed under a 
TEM [JEM-1230 (80 KV), JEOL]. 

Reverse transcription-quantitative real-time PCR (RT-
qPCR)

Extraction of miRNA and total RNA from rat lung tissues 
in each group was performed using TRIzol reagent in line 
with the manufacturer instructions. The concentration of 
RNA was detected and cDNAs were prepared. All primers 

involved in the present study are presented in Table 1. 
CFX Connect™ Real-Time PCR detection system (Bio-
Rad Laboratories, Inc., USA) was adopted for PCR under 
the following conditions, 10 min of predenaturation under  
95 ℃, 10 s of denaturation under 95 ℃, 30 s of annealing 
under 58 ℃, and 30 s of extension under 72 ℃, for 40 
cycles. The gene expression was quantified by 2−∆∆Ct method. 
The results were shown as the fold changes of specific genes 
compared with the control group. 

WB detection

The lung tissues of rats in each group were collected and 
lysed on ice. Tissue lysis was maintained for 20 min on ice, 
followed by 10 min of centrifugation at 12,000 rpm. Besides, 
the concentrations of extracted protein of each group were 
estimated with a bicinchoninic acid (BCA) protein assay kit. 
After 15 min of protein denaturation under 85 ℃, they were 
separated by sodium dodecyl sulphate-polyacrylamide gel 
electrophoresis (SDS-PAGE) for 2 h and transferred onto 
the 0.45-mm polyvinylidene fluoride (PVDF) membranes. 

Then, 5% nonfat milk contained within Tris-buffered 
saline (TBS) was used to block non-specific binding under 
4 ℃ overnight. Then, the primary antibodies were used 
to incubate the PVDF membranes under 37 ℃ for 1 h. 
Subsequently, horseradish peroxidase (HRP)-labeled 
secondary antibodies were used to further incubate the 
PVDF membranes at room temperature for 1 h. The 
enhanced chemiluminescence reagent kit was used to detect 

Table 1 Primer information

Gene Primer sequence (5' to 3') Primer length (nt) Production length (bp) Temp (℃)

miR-194-5p R GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATAC
GACTCCACA

50 – –

miR-194-5p F CGCGTGTAACAGCAACTCCA 20 66 59.5

miR-194-5p R AGTGCAGGGTCCGAGGTATT 20

lncRNA H19 F GCGGGTCTGTTTCTTTACTTC 21 258 53.2

lncRNA H19 R TTCCGATGGTGTCTTTGATG 20

SIRT1 F TAGGCGGCTTGATGGTAATC 20 142 57.7

SIRT1 R CTGGCATGTCCCACTATCAC 20

β-actin F TGGCACCCAGCACAATGAA 20 186 60.8

β-actin R CTAAGTCATAGTCCGCCTAGAAGCA 20

U6 F CTCGCTTCGGCAGCACA 17 90 57.3

U6 R AACGCTTCACGAATTTGCGT 20
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specific bands according to the manufacturer’s protocol. 
The bands were analyzed using ImageJ. 

Statistical analysis 

The data were presented as mean ± standard deviation (SD) 
and explored with Graphpad Prism 7. One-way analysis of 
variance (ANOVA) were used to investigate the significant 
differences between samples. For all tests, P<0.05 was set as 
the level of significance.

Outcome measures

	 The effect of Morin on lung tissues of COPD rats in 
lung histological examination was observed by HE, 
Masson and PAS staining.

	 The effect of Morin on autophagy in lung tissues of 
COPD rats was observed using TEM.

	 The effect of Morin on the expression of lncRNA 
H19, miR-194-5p, and SIRT1 genes in lung tissues of 
COPD rats was detected with RT-qPCR.

	 The effect of Morin on the expression of SIRT1, 
mammalian/mechanistic target of rapamycin (mTOR), 
phosphorylated (p)-mTOR, microtubule-associated 

protein light chain 3 (LC3), Beclin-1, autophagy-
related (ATG)7 and p62 proteins in lung tissues of 
COPD rats was determined using WB.

Results

The effect of Morin on lung tissues of COPD rats in lung 
histological examination

To evaluate the therapeutic effects of Morin and autophagy 
inhibitor 3-MA on COPD rat model, the rat lung tissues in 
each group were gathered and stained with HE, Masson, and 
PAS to observe the pathological changes. As shown in Figure 1,  
the rats in the control group had normal lung structure. 
The rat lung tissues of the model group showed incomplete 
alveolar enlargement (black arrow), obvious infiltration of 
inflammatory cells (red arrow), significant thickening of the 
bronchial wall (green arrow), thickening of the alveolar septa 
and deposition of a large amount of collagen fibers (yellow 
arrows), and significant proliferation of goblet cells (purple 
arrows). Compared with the model group, different degrees 
of alleviation were observed under the light microscope in 
each treatment group; for the Morin treatment group, the 
medium and high doses Morin are the most obvious.

Control Model 25 mg/kg/d 50 mg/kg/d 100 mg/kg/d 3-MA

HE

Masson

PAS

Figure 1 Histological examination results detected using HE, Masson and PAS staining on the lung tissues of rats in each group (×200) (n=6/
group). The lung structure of the rats in the control group is normal. In the model group, the pulmonary alveoli of rats were not completely 
expanded (black arrow), the inflammatory cells were significantly infiltrated (red arrow), the bronchial tube wall was significantly thickened 
(green arrow), the alveolar septum was thickened and a large number of collagen fibers were deposited (yellow arrows), and the goblet 
cells were significantly proliferated (purple arrows). Compared with the model group, different degrees of relief were observed under light 
microscopy in each treatment group, with the medium- and high-dose Morin groups being the most significant. HE, hematoxylin-eosin; 
PAS, periodic acid-Schiff.
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Control                                                                          Model                                                                     25 mg/kg/d

200 nm

200 nm

200 nm

200 nm

200 nm

200 nm

50 mg/kg/d                                                                 100 mg/kg/d                                                                        3-MA

Figure 2 Autophagy in the lung tissues of rats in each group observed using TEM (n=6/group). The autophagosome is indicated by the 
arrows. Scale bar =200 nm. 3-MA, 3-methyladenine; TEM, transmission electron microscope.
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Figure 3 The lncRNA H19, SIRT1 and miR-194-5p levels within 
the lung tissues of rats in each group detected using RT-qPCR 
(n=6/group). The error bars indicate the mean ± SD. *, P<0.05 and 
#, P<0.05 relative to blank control and model groups, respectively; 
@, P<0.05, ^, P<0.05, and &, P<0.05 relative to low-, medium-, and 
high-dose Morin groups, respectively. LncRNA, long non-coding 
RNA; miR, microRNA; SIRT, Sirtuin; SD, standard deviation; 
RT-qPCR, reverse transcription-quantitative real-time polymerase 
chain reaction; 3-MA, 3-methyladenine.

The effect of Morin on autophagy in lung tissues of COPD 
rats observed using TEM 

The autophagosomes of the lung tissues were observed 
using TEM and the number of autophagosomes was 
recorded in every 10 fields at the magnification of 
30,000 times. As presented in Figure 2, the number of 
autophagosomes in the lung tissues of the model group rats 
was obviously more than that in the normal (control) group. 
However, the number of autophagosomes in each treatment 
group was obviously less than that in the model group. 

The effect of Morin on the expression of lncRNA H19, 
miR-194-5p, and SIRT1 genes in the lung tissues of 
COPD rats

RT-qPCR was conducted to measure the lncRNA H19, 
SIRT1 and miR-194-5p expression in the rat lung tissues. As 
shown in Figure 3, the lncRNA H19 and SIRT1 expression 
was significantly increased in the model group, and the 
miR-194-5p expression was significantly decreased (P<0.05). 
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Figure 4 The expression of SIRT1, mTOR, p-mTOR, LC3, Beclin-1, ATG7 and p62 proteins in the lung tissues of rats in each group 
detected using WB (n=6/group). *, P<0.05 and #, P<0.05 relative to blank control and model groups, respectively; @, P<0.05, ^, P<0.05, and 
&, P<0.05 relative to low-, medium-, and high-dose Morin groups, respectively. mTOR, mammalian/mechanistic target of rapamycin; p, 
phosphorylated; LC3, microtubule-associated protein light chain 3; ATG, autophagy-related; WB, Western blot; SIRT, Sirtuin; 3-MA, 
3-methyladenine.

Morin and 3-MA could significantly decrease the expression 
of lncRNA H19 and SIRT1, and significantly increase the 
miR-194-5p expression (P<0.05). 

The effect of Morin on the expression of SIRT1, mTOR, 
p-mTOR, LC3, Beclin-1, ATG7 and p62 proteins in the 
lung tissues of COPD rats

The expression of the autophagy-related proteins SIRT1, 
mTOR, p-mTOR, LC3, Beclin-1, ATG7 and p62 in the 

lung tissues of rats with COPD was detected using WB. 
According to Figure 4, in comparison with the control 
group, the expression of ATG7, Beclin-1, SIRT1 and 
LC3II/I in the model group increased significantly, while 
the expression of p-mTOR/mTOR and p62 decreased 
significantly (P<0.05). Morin treatment reduced the 
expression of ATG7, Beclin-1, SIRT1 and LC3II/I, and 
increased the expression of p-mTOR/mTOR and p62 
(P<0.05). Moreover, similar results could be observed in the 
autophagy inhibitor group. 
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Discussion

It has been fully demonstrated that smoke leads to 
inflammation, oxidative stress, and apoptosis. Besides, cell 
senescence could promote epithelial cell injuries, which 
result in emphysema, COPD, or serious decline in lung 
function. However, the key mechanism remains unclear. 
Therefore, it is urgent to understand the pathogenesis and 
discover new treatment methods. Cigarette smoking is 
one of the main reasons for COPD. According to previous 
studies, cigarette smoke extract (CSE) could lead to 
autophagy of human airway epithelial cells in vitro (14-16).  
The epithelial cells in the trachea and alveoli are the 
main targets of inhaled cigarette smoke. The key role of 
the airway epithelium includes maintenance of a semi-
permeable barrier, proper immune monitoring and response 
to environmental stimuli, as well as the normal survival and 
turnover with potential progenitor cells. These features 
are interfered during COPD and in a variety of cigarette 
smoke exposure models (17). The activation of autophagy 
and selective autophagy are detrimental mechanisms of 
epithelial cell responses to smoke (18). Cigarette smoke 
increases autophagosomes turnover and promotes epithelial 
cell death, which in turn triggers and exaggerates airway 
inflammation and mucus hypersecretion (19). Cigarette 
smoke has been reported to accelerate autophagy, which 
leads to epithelial cell death (20). Number of studies have 
reported that smoking can impair epithelial cells and 
undergo autophagy, leading to the accumulation of defective 
autophagy complexes and cell senescence (21,22). In this 
study, the COPD rat model was established by cigarette 
smoking, and histological test results demonstrated alveolar 
enlargement and destruction in the rat lung tissues of the 
model group, accompanied with obvious inflammatory 
cell infiltration, thickened bronchial walls, enlarged 
alveolar septum, collagen fibers deposition, and goblet cells 
proliferation. TEM observation showed that the number of 
autophagosomes in the lung tissues of the model group was 
obviously higher than the normal group. 

Shenqi Bufei decoction can significantly improve the 
symptoms of patients with Lung-Qi deficiency syndrome in 
stable stage of COPD, stabilize lung function and prevent 
the decline of lung function (23). Previous in vitro and  
in vivo experiments confirmed that Shenqi Bufei Decoction 
can inhibit the proliferation of airway smooth muscle cells 
in COPD model rats with Lung-Qi deficiency syndrome, 
and significantly inhibit the thickening of small airway walls 
(24-26). Shenqi Bufei Decoction is composed of Radix 

Astragali, Mori Cortex, Psoralea corylifolia Linn, Salvia 
miltiorrhiza Bunge, etc. The drug compatibility exerts the 
effects of replenishing Qi and nourishing lungs, resolving 
phlegm, and promoting blood circulation, and thus Qi 
deficiency can be replenished, phlegm and blood stasis 
can be relieved, the Qi dynamic can be smoothed, and 
cough and asthma can be relieved. From the three main 
active components of Cortex Mori, resveratrol, morinone, 
and morin, through screening of the COPD cell model, 
it is found that Morin has the best therapeutic effect on  
COPD (24). Study have also found that Morin can improve 
COPD by inhibiting matrix metalloproteinase (MMP)9 
expression (27). In the present study, Morin at different 
doses was applied on the COPD rats. Histological and 
TEM examination found that Morin can improve the 
pathology of COPD model and reduce the autophagosomes 
formation, suggesting that the treatment effect of Morin 
on COPD was achieved via regulating autophagy. Among 
them, the effect of medium dose and high dose Morin was 
better.

LncRNA H19 inhibited autophagy in the in vitro cell 
model of oxygen and glucose deprivation/reperfusion 
(OGD/R) model through dual-specificity phosphatase 
(DUSP)5-extracellular signal regulated kinase (ERK)1/2 
axis (28). LncRNA H19 is highly expressed in lung cancer 
tissues and cells, and its overexpression promotes cell 
migration, invasion, and epithelial-mesenchymal transition 
via negative regulation of miRNA (29). Bioinformatics 
analysis shows that miR-194-5p can directly bind to H19, 
which has been confirmed in colon cancer (30). Previous 
studies have demonstrated that many miRNAs are involved 
in the regulation of autophagy (31-33). SIRT1 is a direct 
target of miR-194-5p, and is highly expressed in the 
colorectal cancer, thus promoting autophagy of tumor 
cells (30). The present study found that lncRNA H19 and 
SIRT1 expression was significantly increased in the COPD 
rats, whereas the miR-194-5p expression was significantly 
decreased, which could be reversed by Morin treatment. 
The treatment effect of Morin on COPD could be achieved 
through regulation of autophagy and the lncRNA H19/miR-
194-5p/SIRT1 signal axis. We would further verify this with 
dual-luciferase reporter assays in subsequent studies.

ATG regulates autophagosome formation by forming 
ATG12-ATG5 and LC3II (ATG8-II) complexes. Under the 
action of ATG7 and ATG10 (corresponding to ubiquitin-
activating enzyme E1 and ubiquitin-conjugating enzyme 
E2, respectively), ATG12 and ATG5 are combined through 
an ubiquitin-like reaction to form ATG12-ATG5 conjugate, 
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which then combines with ATG16 through non covalent 
bond to form ATG12-ATG5-ATG16 complex, which 
participates in the expansion of autophagosomes (34).  
Under the action of ATG4, ATG7 and ATG3, LC3 is 
converted into LC3II-phosphatidylethanolamine (PE) 
and tightly bound to the surface of the autophagosome 
membrane, participating in the extension of the pre-
autophagosome (35,36). Beclin-1 is an essential molecule 
for the formation of autophagosomes, and it can mediate 
the localization of autophagy-related proteins to 
phagosomes (37,38). By reacting with various proteins, 
Beclin-1 transmits autophagy signals and regulates the 
formation and maturation of autophagosomes (39). p62 
is a ubiquitin binding protein, which is closely related to 
protein ubiquitination. It is involved in a variety of cell 
signal transduction regulation and autophagy processes (40). 
In the process of autophagy, p62 binds to ubiquitinated 
proteins, and then forms a complex with LC3II protein 
localized on the inner membrane of the autophagosomes, 
which is degraded in autophagolysosomes. Therefore, when 
autophagy occurs, p62 protein is continuously degraded 
in the cytoplasm; when autophagy activity is weakened 
and autophagy function is defective, p62 protein will 
continue to accumulate in the cytoplasm. p62 is one of 
the marker proteins reflecting autophagy activity, and its 
content indirectly indicates the level of autophagosome  
clearance (41). In the present study, COPD rat model was 
established to detect the lung tissues, and it was found that 
compared with the control group, the LC3II/I and Beclin-1 
expressions in the COPD group were significantly increased 
and p62 expression was significantly decreased, indicating 
that the level of autophagy in the COPD model was 
increased, which was in consistence with the above studies. 
The expression of autophagy-related proteins LC3II/I and 
Beclin-1 was significantly decreased, and the expression 
of p62 was increased after treatment with Morin. These 
results also indicated that Morin could regulate autophagy. 
There is also study showing that insufficient autophagy may 
lead to accelerated cell senescence in COPD, suggesting 
that autophagy may also have a protective effect in tobacco 
smoke induced senescence-associated lung disease,  
COPD (42). We would investigate this more in depth in 
future studies to achieve an optimal dose of Morin for 
COPD treatment.

The mTOR kinase plays an important regulatory role 
in autophagy response (43). The autophagy response is 
inhibited when mTOR [AKT and mitogen-activated protein 
kinase (MAPK) signaling] is activated by mTOR kinases. 

In contrary, when mTOR [5’ adenosine monophosphate-
activated protein kinase (AMPK) and p53 signaling] is 
not inhibited, the autophagy response mechanism is  
initiated (44). A recent study revealed that SIRT1 can 
activate the AMPK pathway, which is closely related with 
the activation of mTOR (45). Typically, the AMPK-mTOR 
pathway has a critical function in regulating autophagy (46). 
Activation of AMPK could inhibit the phosphorylation of 
mTOR, and further promote cell autophagy (47). In this 
study, the results showed that the expression of p-mTOR/
mTOR in the COPD rat model was significantly decreased, 
indicating that COPD inhibited the phosphorylation of 
mTOR. Morin treatment could increase the expression of 
p-mTOR/mTOR, suggesting that Morin could promote 
phosphorylation of mTOR, thereby inhibited autophagy.

This study mainly investigated the mechanism of Morin 
on cell autophagy in COPD rats. Future studies will 
evaluate the relationship between lncRNA H19, SIRT1, 
ATG7, Beclin-1, LC3II/I, miR-194-5p, p62, and p-mTOR/
mTOR, and the mechanisms will be investigated more in 
depth. Quantitative pathology of the histopathological test 
will also be performed.

Conclusions

Morin treatment plays a therapeutic role in COPD through 
the signaling pathway regulated by H19. Morin decreased 
lncRNA H19 expression, upregulated miR-194-5p and 
downregulated target gene SIRT1 expression, increased 
p-mTOR/mTOR expression and inhibited cell autophagy 
of COPD rat model. 
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