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Background: Chronic obstructive pulmonary disease (COPD) is a heterogeneous group of pathophysiological 
bases of airway inflammation and its anti-inflammatory response. Aberrant mitochondrial signaling and 
mitochondrial dysfunction underlie the pathomechanisms leading to COPD. This study aims to investigate 
the effects of the Yiqigubiao (YQGB) pill, a traditional Chinese medicine (TCM), on Sirtuin 5 (SIRT5) and 
mitochondrial function in patients with COPD. 
Methods: Thirty-four patients with COPD were randomized into oral YQGB or placebo groups 
concurrent with a 24-week routine treatment. The pulmonary function was assessed by examining the levels 
of forced expiratory volume in one second (FEV1)/forced vital capacity (FVC), FEV1, and FVC. Quantitative 
real-time polymerase chain reaction (qRT-PCR) and Western blot were used to detect SIRT5 expression in 
mitochondria isolated from peripheral blood. Flow cytometry was used to detect changes in mitochondrial 
membrane potential and reactive oxygen species (ROS) in peripheral blood lymphocytes. Human bronchial 
epithelial (HBE) cells stimulated by cigarette smoke extract (CSE) were treated with YQGB. After 
SIRT5 was knocked down in cells, the changes in mitochondrial membrane potential, levels of adenosine 
triphosphate (ATP), and ROS were detected. 
Results: YQGB treatment significantly improved lung function in patients with COPD. The expression 
of SIRT5 and the mitochondrial membrane potential significantly increased and ROS decreased in patients 
with COPD after YQGB treatment. The CSE decreased cell proliferation and SIRT5 expression, which was 
alleviated after YQGB treatment. Furthermore, SIRT5 was knocked down in CSE-stimulated HBE cells, 
and its expression was elevated upon YQGB treatment. The knockdown of SIRT5 significantly altered the 
CSE-stimulation-induced dysregulation of mitochondrial membrane potential, ATP levels, and ROS. This 
was also restored after YQGB treatment. 
Conclusions: YQGB treatment can elevate SIRT5 expression, restore mitochondrial function in COPD, 
and exert protective effects.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a 
heterogeneous group of pathophysiological bases of 
airway inflammation and its anti-inflammatory response, 
characterized by persistent respiratory symptoms and 
airflow limitation (1). COPD is a serious health problem and 
constitutes the fourth leading cause of death worldwide (2). 
It is expected that 4.5 million people will die from COPD 
each year by 2030 (3). These patients often experience 
symptoms such as dyspnea, fatigue, poor sleep, morning 
headaches, and energy loss, which reduce their quality of 
life and increase the medical burden (4). In fact, COPD 
affects 16 million people, with medical costs exceeding 
US $32.1 billion (5). A significant number of patients with 
COPD experience exacerbations that eventually lead to 
higher morbidity associated with such events (6). Due to the 
complexity of maintaining chronic inflammation and tissue 
destruction, more emphasis should be placed on diagnosis 
and treatment in the early stages of the disease to make it 
possible to slow progression.

Currently, treatments for COPD include inhaled 
corticosteroids and bronchodilators (7,8). Although these 
treatments are effective in relieving symptoms, some 
side effects inevitably occur (9,10). Therefore, there is an 
urgent need to find better treatments. Traditional Chinese 
medicine (TCM) plays a vital role in improving the 
respiratory symptoms of COPD and reducing exacerbations 
(11-13). The Yiqigubiao (YQGB) pill is a TCM compound 
preparation, and studies have confirmed that it can be 

applied in the treatment of airway COPD (14,15). However, 
the mechanism of action of YQGB is not well defined.

The pathobiological processes of COPD include 
persistent inflammation, oxidative and nitrosative stress, 
impaired cellular repair, and cell death (16). Cigarette 
smoking is a major risk factor for COPD, and cigarette 
smoke extract (CSE)-mediated oxidative stress is considered 
to be one of the causes of glucocorticoid resistance (17,18). 
The lung is a direct target of reactive oxygen species (ROS) 
and free radical oxidative damage, while mitochondria 
produce large amounts of ROS (19). It is becoming 
increasingly clear that aberrant mitochondrial signaling and 
mitochondrial dysfunction underlie the pathomechanisms 
leading to COPD (20). Sirtuin 5 (SIRT5), which is 
exclusively found in mitochondria, is a nicotinamide adenine 
dinucleotide (NAD)+-dependent deacetylase involved in 
the oxidative stress response by regulating mitochondrial 
metabolism and antioxidant mechanisms (21,22). However, 
research on the role of SIRT5 in the oxidative stress 
response is still in its infancy. It is not clear whether SIRT5 
plays a role in regulating the oxidative stress response in 
COPD patients.

To understand the efficacy and mechanism of action 
of YQGB in treating COPD, clinical trials and cellular 
experiments were conducted. The results suggest that the 
alleviation of clinical symptoms of COPD by YQGB is 
associated with the recovery of mitochondrial dysfunction. 
YQGB can increase the expression of SIRT5, as well as 
inhibit the production of ROS in the absence of SIRT5, 
and improve mitochondrial function, which may be one of 
its therapeutic mechanisms in the treatment of COPD. We 
present this article in accordance with the MDAR reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-1115/rc). 

Methods

Materials

These experimental materials and equipment include 
human bronchial epithelial (HBE) cells (Beinabio, Beijing, 
China), keratinocyte medium (KM) medium (Hyclone, 
Logan, UT, USA), fetal bovine serum (FBS; GIBCO, 
Calb, CA, USA), cyanine chain double antibodies (Zeye 
Biology, Shanghai, China), MTT (Sigma, St. Louis, MO, 
USA), dimethyl sulfoxide (DMSO; Invitrogen, USA), 
ultra-clean table (Suzhou Antai Technology Co., Ltd., 
Suzhou, China), 96-well culture plate (Costar Company, 
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Washington, USA), enzyme label detector (Thermo MK3, 
Waltham, MA, USA), shaking table (Qilinbeier TS-1000, 
Haimen, China), cell incubator (Thermo Scientific 8000, 
USA), optical microscope (XDS-1A, USA). Trizol (Thermo, 
Waltham, MA, USA), diethylpyrocarbonate (DEPC) treated 
water (CTCC, Shanghai, China), chloroform/isopropyl 
alcohol/anhydrous ethanol (Shanghai National Medicine, 
Shanghai, China), SYBR Green PCR Kit (Thermo F-415XL, 
Waltham, MA, USA), reverse transcription kit (Thermo 
#K1622, Waltham, MA, USA), cryogenic centrifuge 
(American Sigma 3K15, St. Louis, MO, USA), real-time 
detector (American ABI-7500, USA) and flow cytometer (BD 
Accuri C6, USA).

Diagnostic criteria for COPD

Diagnostic criteria for COPD (refer to “GOLD 2019 
edition”): forced expiratory volume in one second/
forced vital capacity (FEV1/FVC) less than 70% after 
bronchodilators used in pulmonary function tests; previous 
history of smoking and/or exposure to environmental 
occupational pollution; cough, sputum, dyspnea and other 
clinical symptoms; bronchial asthma, bronchiectasis, 
congestive heart failure, tuberculosis and other diseases 
being ruled out.

Diagnosis of COPD in stable stage: the symptoms of 
cough, sputum, and shortness of breath were stable or mild, 
and the patient was not treated in outpatient or inpatient 
treatment due to aggravation of the condition in the 
past 3 months. He had been regularly inhaling drugs for 
outpatient follow-up.

Inclusion/exclusion criteria

Inclusion criteria:
(I) Volunteer subjects;
(II) Age 40–75 years old;
(III) In line with Western diagnostic criteria and staging 

criteria for COPD: stable COPD patients;
(IV) COPD patients treated with YQGB;
(V) Patients who did not take hormones or other 

immunosuppressants within 1 month and did not 
receive desensitization therapy.

Exclusion criteria: 
(I) Patients with pneumothorax, pleural effusion, lung 

cancer, active pulmonary tuberculosis and other 
serious lung diseases;

(II) Patients with severe cardiovascular and cerebrovascular 

diseases, liver and kidney diseases, and blood system 
diseases;

(III) Patients with neurological diseases, skeletal muscle 
dysfunction and psychosis;

(IV) Patients with tumor, hyperlipidemia, type 2 diabetes;
(V) Patients with congenital or acquired immune 

deficiency;
(VI) Patients who take large amounts of hormones for a 

long time.

Sample collection

Thirty-four patients with COPD and 17 healthy control 
patients were randomly recruited from outpatients of The 
Fourth Affiliated Hospital of Xinjiang Medical University. 
The patients were required to meet the diagnostic criteria 
for stable COPD. All COPD patients were randomly divided 
into oral YQGB group (n=17) and COPD group (n=17) 
while receiving conventional treatment for 24 weeks. The 
dose of YQGB was 10 pills per dose (equivalent to 5 g of 
native medicinal materials), three times daily. The patient’s 
prescription adherence was monitored by doctors. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The use of human blood 
samples described in this study was approved by the ethics 
committee of The Fourth Affiliated Hospital of Xinjiang 
Medical University (approval No. 2020XE0125). All subjects 
gave written informed consent to participate.

The detailed protocol for blood collection: (I) 
ethylenediaminetetraacetic acid (EDTA) anticoagulant 
blood vessel collection was used to collect fasting 15–20 mL  
whole blood of each patient in the morning and it was 
mixed upside down to ensure the anticoagulant effect. (II) 
Three mL fresh blood was taken and the supernatant was 
centrifuged and put into the frozen storage tube in the 
refrigerator at −80 ℃ for subsequent detection of other 
indicators. The remaining blood cells were measured 
by flow cytometry for ROS and membrane potential 
(done within 6 hours). (III) The remaining whole blood 
was divided into 3–4 tubes with 5 mL of each tube for 
mitochondrial extraction.

To evaluate lung function, FEV1/FVC, FEV1, and FVC 
were measured by Master Screen PET601-1/IP20 (Jader, 
Free State of Bavaria, Germany).

Cell culture and treatment

The HBE cells were purchased from Beinabio (Beijing, 
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China). The culture conditions were 37 ℃, 5% CO2 in 
KM containing 10% FBS (GIBCO, Galb, CA, USA) and 
cyanine chain double antibodies (Zeye Biology). Retail 
cigarettes with 11 mg of tar per cigarette, 1 mg of smoke 
nicotine, and 13 mg of smoke carbon monoxide were 
selected to prepare CSE. The filter tip was syringed after 
ignition, and 600 mL of smoke was injected into a 25 mL 
glass bottle, constructing a 100% stock solution. The stock 
solution was diluted in KM and used to treat HBE cells at 
1×105 cells/mL. YQGB was diluted to 0.1 mg/mL in KM 
and used to treat the CSE-treated cells.

MTT detection

CSE was diluted into different concentrations (1.25%, 
2.5%, 5%, 10%, and 20%) with KM. The cell concentration 
was adjusted to 0.8×104 cells/mL and stimulated with 
different concentrations of CSE, and the MTT assay was 
performed after 6, 12, 24, and 48 h of stimulation.

Each well of a 96-well plate was provided with 20 µL 
MTT (5 mg/mL) and continue cultured for 4 h at 37 ℃ 
in a 5% CO2 incubator. Furthermore, 150 µL DMSO was 
added to each well, and the absorbance value of each well 
was measured at 492 nm after mixing.

Transfection of plasmid

The cell concentration was adjusted to 2×105 cells/mL, 
siRNA SIRT5 (siSIRT5) was transfected by Lipofectamine 
RNAiMAX Reagent (Invitrogen), and quantitative real-time 
polymerase chain reaction (qRT-PCR) was used to verify the 
transfection efficiency. The SiRNA sequences targeting SIRT5 
were 5'-GGAGCAAGGAGCCCAACGCCGGGCA-3' 
and 5'-CCACAAGAGGTACATCGAGTTTTAA-3'. 
The cells were grouped as follows: HBE, COPD, COPD + 
siRNA negative control (NC), COPD + siSIRT5, COPD + 
YQGB, and COPD + siSIRT5 + YQGB. The siRNA NC is a 
scrambled siRNA.

qRT-PCR

Mitochondria were extracted from the peripheral blood 
of patients with COPD and control patients using a 
mitochondria extraction kit (Beyotime, Shanghai, China). 
The total RNA of HBE cells or mitochondria was extracted 
by Trizol (Thermo). The total RNA was reverse transcribed 
into cDNA using a reverse transcription kit (Thermo). The 
qRT-PCR was performed using a SYBR Green PCR kit 

(Thermo). Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as an internal reference gene. The 
relative expression of genes of interest was analyzed using 
the 2–ΔΔCT method. The primer sequences were as follows: 
SIRT5, F: 5'-TTAGAAAGCAGCCGTGGAGACA-3', 
R: 5'-TCGACTTGGGACAATCTGGAGAGG-3'; 
GAPDH, F: 5'TGTTGCCATCAATGACCCCTT-3', R: 
5'-CTCCACGACGTACTCAGCG-3'.

Western blot

Cells or mitochondria were lysed on ice with a cell lysis 
buffer [main component is 50 mM Tris (pH 7.40), 150 mM  
NaCl, 1% TritonX-100, 1% sodium deoxycholate, 
0.1% sodium dodecyl sulphate (SDS), 2 mM sodium 
pyrophosphate, 25 mM B-glycerophosphate, 1 mM 
EDTA, 1 mM Na3VO4, 0.5 µg/mL leupeptin, etc.]. 
The extracted total proteins were separated in SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) and 
transferred to polyvinylidene difluoride membranes. 
Primary antibody was diluted to 1:2,000 and secondary 
antibody was diluted to 1:5,000. Skim milk blocking 
was followed by primary antibody (SIRT5, Rabbit pAb, 
ABclonal, A5784, Beijing, China) incubation, secondary 
antibody incubation, and the detection of protein bands 
with enhanced chemiluminescence. After densitometry 
analysis of ImageJ (Bethesda, USA), the gray value of the 
target protein is divided by the gray value of the internal 
reference protein in the excel table for normalization 
processing. GAPDH (Rabbit pAb, ABclonal, AC001) 
served as an internal reference protein. All antibodies were 
purchased from Abcam (Cambridge, UK). GE Amersham 
Imager600 chemiluminescence instrument (London, UK) 
was used.

Detection of mitochondrial membrane potential

For recruited patients and healthy people, including 
17 patients in the normal control group, 17 patients 
in the COPD group and 17 patients taking YQGB 
pills, peripheral blood lymphocytes were extracted 
using a lymph extraction kit (TBD, Tianjin, China). 
MitoScreen (JC-1) (BD) was used to detect the level of 
the mitochondrial membrane potential of peripheral 
blood lymphocytes in different groups. The extracted 
lymphocytes were stained using JC-1 and incubated for 
15 min in the dark. Flow cytometry was performed after 
resuspension of the assay buffer.
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The mitochondrial membrane potential of HBE 
cells was detected using a mitochondrial membrane 
potential detection kit (Solarbio, Beijing, China). The cell 
concentration was adjusted to 1×106 cells/mL and then 
added to a 2 µm JC-1 probe, and the cells were incubated 
for 30 min at 37 ℃ in the dark. After being washed three 
times with phosphate buffered saline (PBS), the cells were 
stained with 4',6-diamidino-2-phenylindole (DAPI) to 
determine their nuclei, and then they were photographed 
and observed under a fluorescence microscope.

ROS detection

2',7'-Dichlorodihydrofluorescein diacetate (DCFH-DA) 
(Solarbio) was diluted at a 1:1,000 rate in a serum-free 
medium to produce a final concentration of 10 µmol/L. 
The 16 HBE cells were suspended in diluted DCFH-DA 
at a cell concentration of 1×107 cells/mL and incubated 
for 20 min at 37 ℃. They were thoroughly mixed by being 
inverting every 5 min to allow the probe and cells to come 
into contact. The cells were washed three times with PBS 
and collected, and fluorescence was detected.

Adenosine triphosphate (ATP) detection

The ATP content of the cells in each group was measured 
using human ATP enzyme-linked immunosorbent assay 
(ELISA) kit (Jiyinmei, Shanghai, China). The Microelisa 
stripplate provided in this kit was pre-coated with an 
antibody specific to ATP. Standards or samples were added 
to the appropriate Microelisa stripplate wells and combined 
with the specific antibody. Horseradish peroxidase-labeled 
antibody was used for incubation and color development 
using the 3,3',5,5'-tetramethylbenzidine (TMB) solution. 
The optical density was measured spectrophotometrically 
at a wavelength of 450 nm.

Statistical analysis

The SPSS software (v21.0) was used for statistical analysis. 
The Student’s t-test was used to compare the differences 
between groups, and the Chi-square test was used for 
categorical variables. Data that conforms to a normal 
distribution was represented as “mean ± standard deviation 
(SD)”; quantitative data that did not conform to a normal 
distribution was represented as “median (Q25–Q75)” using 
the quartile method and P<0.05 was considered statistically 
significant.

Results

General data

Among the baseline characteristics between patients with 
COPD and healthy control patients, smoking and body mass 
index (BMI) made a significant difference, but the other 
characteristics showed no significant differences between the 
two groups (Table 1). Patients with COPD who underwent 
YQGB had significant improvements in lung function at 
FEV1 and FEV1/FVC compared with placebo (Table 2).

YQGB treatment improves mitochondrial function  
in COPD

To explore the effects of YQGB treatment, we detected 
the expression changes in SIRT5 in the peripheral blood 
mitochondria of patients with COPD before and after 
YQGB treatment. SIRT5 was significantly downregulated 
in patients with COPD compared with control patients 
(Figure 1A). When patients were treated with YQGB, 
SIRT5 mRNA levels were restored. This condition was 
also confirmed by the Western blot results (Figure 1B). The 
SIRT5 expression was significantly decreased in patients 
with COPD and was modulated by YQGB treatment. 
Flow cytometry revealed that mitochondrial membrane 
potential (JC-1) was significantly decreased in patients with 
COPD compared with control patients and was increased 
after YQGB treatment (Figure 1C). The examination 
of mitochondrial ROS (mtROS) revealed that it was 
significantly elevated in patients with COPD compared with 
the control patients and decreased after YQGB treatment 
(Figure 1D).

CSE stimulation inhibits the proliferation of HBE cells

HBE cells were treated with CSE, and it was observed that 
CSE stimulation affects cell proliferation (Figure 2A) and 
may have toxic effects on cells. Since the result was not 
obvious to the naked eye, which might be caused by being 
reflected in the inhibition of cell organelles and other fine 
points. Therefore, inhibition rate was used for qualification, 
which refers to the inhibition ability of drugs/reagents 
on cell proliferation and is mainly manifested in the 
proliferation ability of cells and the damage to cells. Using 
the MTT assay, it was found that the proliferation of cells 
would be inhibited to different degrees with the addition 
of different concentrations of CSE treatment compared 
with normal cells (Figure 2B). Its inhibition rate was dose-
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Table 1 Baseline characteristics of collected subjects

Item COPD patients (n=34) Healthy control (n=17) χ2/t P

Age (year, mean ± SD) 68.7±8.6 66.5±7.6 1.366 0.36

BMI (kg/m², mean ± SD) 23.4±3.7 26.7±3.8 –3.054 0.004

Sex, n (%) 0.10

Male 24 (70.6) 8 (47.1) 2.684

Female 10 (29.4) 9 (52.9)

Ethnic group, n (%) 0.83

Han 21 (61.8) 10 (58.8) 0.041

Other 13 (38.2) 7 (41.2)

Occupation, n (%) 0.05

In-service 3 (8.8) 5 (29.4) 3.632

Retired 31 (91.2) 12 (70.6)

Smoking history, n (%) 0.02

Yes 21 (61.8) 5 (29.4) 4.747

No 13 (38.2) 12 (70.6)

COPD, chronic obstructive pulmonary disease; SD, standard deviation; BMI, body mass index.

Table 2 Pulmonary functions in the YQGB group after 24 weeks treatment

Item
COPD + YQGB (n=17) COPD (n=17)

Pre-treatment Post-treatment t/Z/P Pre-treatment Post-treatment t/Z/P

FEV1 (L), median (Q25–Q75) 1.26 (0.94, 2.12) 1.28 (1.02, 2.16) −2.641/0.008 1.31 (0.78, 1.93) 1.32 (0.79, 1.95) −2.972/0.003

FVC (L), median (Q25–Q75) 2.11 (2.03, 3.42) 2.12 (2.06, 3.43) −2.153/0.03 2.37 (1.76, 2.90) 2.37 (1.77, 2.90) −3.106/0.002

FEV1/FVC (%predicted), mean ± SD 55.97±9.16 57.61±10.01 2.696/0.01 55.63±11.05 55.83±11.20 0.831/0.41

YQGB, Yiqigubiao; COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume in one second; FVC, forced vital 
capacity; SD, standard deviation.

dependent with the added CSE concentration. 

SIRT5 involved in YQGB treatment

To confirm the role of SIRT5 in CSE toxicity, siSIRT5 was 
transfected in HBE cells. The siRNA sequences with the 
best knockdown rate were selected using the qRT-PCR 
(Figure S1). The SIRT5 expression levels was significantly 
decreased after CSE stimulation compared with normal 
HBE control patients (Figure 3A). The knockdown 
of SIRT5 on CSE-stimulated HBE cells significantly 
decreased the expression of SIRT5. Compared with the 
CSE-stimulated HBE group, the expression of SIRT5 was 
considerably elevated after YQGB treatment. Even with 

the knockdown of SIRT5 on CSE-stimulated HBE cells, 
there was still an increase in gene expression levels with the 
addition of YQGB. In addition, cell proliferation in each 
group was similarly observed by microscopy (Figure 3B). 
It suggested that YQGB treatment considerably alleviated 
the decreased cell proliferation ability caused by CSE 
stimulation.

SIRT5 regulates mitochondrial function in YQGB 
treatment

The results of mitochondrial membrane potential showed 
that red fluorescence was weakened and green fluorescence 
was enhanced in the CSE stimulated group compared 

https://cdn.amegroups.cn/static/public/JTD-23-1115-Supplementary.pdf
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Figure 1 YQGB treatment causes changes in mitochondria. (A) The mRNA levels of SIRT5 in the mitochondria of the control group, 
COPD group, and YQGB-treated group were detected by qRT-PCR. *, P<0.05, COPD vs. Ctrl. (B) The expression of SIRT5 in the 
mitochondria of the control group, COPD group, and YQGB-treated group was detected by Western blot. *, P<0.05, COPD vs. Ctrl. 
(C) The abundance of mitochondrial JC-1 was detected by flow cytometry. (D) The levels of mitochondrial reactive oxygen species were 
detected by flow cytometry. Ctrl, control; SIRT5, Sirtuin 5; COPD, chronic obstructive pulmonary disease; YQGB, Yiqigubiao.
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Figure 2 Cell proliferation was inhibited after the CSE stimulation of the HBE cells. (A) Microscopic observation at different times after 
the HBE cells were stimulated with different concentrations of CSE. Scale bar, 50 µm. (B) Inhibitory rate of the CSE stimulation on HBE 
cell proliferation. *, 0.01<P<0.05 vs. HBE group; **, P<0.01 vs. HBE group. CSE, cigarette smoke extract; HBE, human bronchial epithelial.

with HBE cells, indicating a decrease in mitochondrial 
membrane potential. Compared with the CSE group, 
the SIRT5 knockout group showed a further significant 
decrease in mitochondrial membrane potential. After 
YQGB treatment, the mitochondrial membrane potential 
not only increased in the CSE group, but also significantly 
increased in the SIRT5 knockout CSE group (Figure 4A,4B).  
ELISA kit was used to detect the level of ATP produced 
by cells, and it was found that the level of ATP produced 
by cells in the CSE group was significantly lower than 
that in the HBE group. After SIRT5 knockdown, the ATP 
content of cells in the CSE group was further decreased. 
After the CSE group with SIRT5 knock down received 

YQGB treatment, the ATP level was restored (Figure 4C). 
Furthermore, ROS detection by flow cytometry showed 
that CSE stimulation significantly increased ROS levels in 
HBE cells (Figure 5A,5B). Further knockdown of SIRT5 
based on CSE stimulation resulted in a considerable 
increase in ROS levels. This was supported by a significant 
reduction in ROS levels following YQGB treatment. 
These results indicate that CSE stimulation can lead to 
the decrease in SIRT5 level, the increase in ROS level, 
and the decrease in mitochondrial function, while YQGB 
can increase the expression level of SIRT5, decrease ROS 
level, and alleviate the mitochondrial dysfunction of HBE 
cells induced by CSE stimulation, which is consistent with 
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Figure 3 YQGB treatment elevated SIRT5 expression and cell proliferation in CSE-stimulated cells. (A) The expression of SIRT5 in the 
cells of each group was detected by the qRT-PCR. *, 0.01<P<0.05 vs. HBE group, **, P<0.01 vs. HBE group; ##, P<0.01 vs. CSE group; &&, 
P<0.01 vs. CSE + siSIRT5 group. (B) The proliferation of cells in each group was observed microscopically. Scale bar, 50 µm. SIRT5, Sirtuin 
5; HBE, human bronchial epithelial; CSE, cigarette smoke extract; siSIRT5, siRNA SIRT5; NC, negative control; YQGB, Yiqigubiao; qRT-
PCR, quantitative real-time polymerase chain reaction.

the results of clinical trials. At the same time, it was also 
found that even in the absence of SIRT5, YQGB can still 
inhibit the production of ROS, improve the mitochondrial 
membrane potential and ATP levels, and thus improve the 
mitochondrial dysfunction in COPD. 

Discussion

The main pathophysiological manifestations of COPD are 

irreversible airway obstruction and progressive decline in 
lung function, especially in patients who are continuously 
exposed to risk factors such as smoking, biomass smoke, 
and air pollution (23,24). One of the main causes of COPD 
onset and disease progression is cigarette smoking, which 
can trigger oxidative stress and cause excessive inflammatory 
responses in the airways, alveoli and microvasculature. 
Cigarette extract can cause changes in mitochondrial 
morphology and function,  change mitochondrial 
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Figure 4 SIRT5 enhances mitochondrial membrane potential ATP. (A) JC-1 probe detects changes in mitochondrial membrane potential. 
JC-1 forms a complex aggregated in the mitochondrial matrix and emits red fluorescence when the mitochondrial membrane potential 
is high; JC-1 as a green fluorescent monomer at low mitochondrial membrane potential. Scale bar, 20 μm. (B) Statistical comparison of 
the ratio of red to green fluorescence between groups. **, P<0.01 vs. HBE group; ##, P<0.01 vs. CSE group; &&, P<0.01 vs. CSE + siSIRT5 
group. (C) The ATP content in cell supernatant of different groups was detected by ELISA kit. **, P<0.01 vs. HBE group; ***, P<0.001 vs. 
HBE group; #, P<0.05 vs. CSE group; &&, P<0.01 vs. CSE + siSIRT5 group. DAPI, 4',6-diamidino-2-phenylindole; HBE, human bronchial 
epithelial; CSE, cigarette smoke extract; NC, negative control; siSIRT5, siRNA SIRT5; YQGB, Yiqigubiao; ATP, adenosine triphosphate; 
SIRT5, Sirtuin 5; ELISA, enzyme-linked immunosorbent assay.

membrane potential, increase the production of superoxide 
dismutase, oxidize proteins, and decrease the expression 
of mitochondrial division genes (25). Similarly, cigarette 
smoking particles cause significant changes in mitochondrial 
structure by altering microtubule network and reducing 
matrix, causing mitochondrial swelling and thus interfering 

with mitochondrial energy production (26). In this study, 
the use of CSE resulted in the production of a large number 
of ROS in bronchial epithelial cells, decrease in membrane 
potential, and mitochondrial dysfunction, which was 
consistent with the relevant experimental reports in the 
literature reviewed above. ROS produced by CSE resulted 
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Figure 5 The levels of ROS in different groups. (A) The intracellular ROS level was detected by flow cytometry. (B) Comparison of means 
of DCFH-DA between groups. **, P<0.01 vs. HBE group; ##, P<0.01 vs. CSE group; &&, P<0.01 vs. CSE + siSIRT5 group. HBE, human 
bronchial epithelial; CSE, cigarette smoke extract; NC, negative control; DCFH-DA, 2',7'-dichlorodihydrofluorescein diacetate; siSIRT5, 
siRNA SIRT5; YQGB, Yiqigubiao; ROS, reactive oxygen species; SIRT5, Sirtuin 5.
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in abnormal mitochondrial function and abnormal airway 
response, which was one of the main causes of intractable 
inflammation in COPD (27). In this study, CSE-stimulated 
HBE cells showed a decline in mitochondrial function, 
and the expression level of SIRT5 significantly decreased, 
while the mitochondrial function was restored after YQGB 
intervention. In clinical trials involving COPD patients with 
smoking history, SIRT5 expression level in peripheral blood 
of COPD group decreased, and increased after YQGB 
treatment, with lung function being improved. Therefore, 
we speculated that YQGB could improve mitochondrial 
dysfunction caused by CSE and regulate SIRT5 expression. 
This may be one of the potential mechanisms to improve 
lung function in patients with COPD. 

Sirtuins (Sirts) are found in all organisms and are involved 
in many other processes that occur within cells, including 
participation in the regulation of the cell cycle and energy 
metabolism, apoptosis, and oxidative stress processes (28). 
In fact, the functions of Sirts have been implicated in the 
pathogenesis of respiratory diseases, including COPD (29). 
Wang et al. confirmed the involvement of SIRT5 in the 
process of COPD by inhibiting CSE-induced apoptosis of 
lung epithelial cells (30). The experimental results from this 
study found that SIRT5 expression was downregulated in 
patients with COPD and the CSE-stimulated HBE cells, 
which was accompanied by a decline in mitochondrial 
membrane potential, a decline in ATP content, and an 
increase in ROS levels. SIRT5 deletion causes a clear 
decrease in ATP levels in HEK293T cells (31). A deficiency 
in SIRT5 in mice causes defects in fatty acid metabolism 
and decreases ATP production (32). In addition, there is 
a potential link between the downregulation of SIRT5 
and increased oxidative damage response in liver cancer  
tissues (33).

It has been shown that the pathogenesis of COPD is 
closely related to the disturbance of mitochondrial structure 
and function in lung epithelial cells (34). Observations 
in respiratory epithelial cells chronically exposed to CSE 
reveal that it caused similar aberrations in mitochondrial 
morphology (20,35). There is a potential link between these 
morphological alterations and mitochondrial dysfunction, 
including decreased ATP levels, loss of mitochondrial 
membrane potential, and increased mtROS levels (36,37). 
When mitochondrial damage is excessive, ROS can 
cause cellular damage that further propagates cellular 
stress responses or programmed cell death pathways (38). 
Accumulating evidence suggests that COPD may be a 
cellular aging process with increased ROS from oxidative 

stress (39), and mtROS inhibitors may be new therapeutic 
targets for COPD (40). Although the function of SIRT5 
is cell- and context-specific, these studies all confirm 
that SIRT5 is involved in the progression of COPD by 
regulating mitochondrial damage. The results of this 
study also showed that after CSE stimulation, ROS in cells 
increased, membrane potential was significantly decreased, 
mitochondria were damaged, leading to cell damage and 
even apoptosis, cell morphology shrunk and became round, 
and cell density decreased in a poor state. After SIRT5 
was knocked out, ROS increased a step compared with the 
previous studies, and ATP and mitochondrial membrane 
potential decreased again, indicating that SIRT5 was 
involved in the regulation of mitochondrial function in 
COPD cells. The loss of SIRT5 would cause more ROS to 
be produced in the cells, and the decline of mitochondrial 
membrane potential  would lead to the damage of 
mitochondrial function, which was consistent with previous 
studies (41-44), and also proved that SIRT5 regulated 
mitochondrial function in COPD cells.

TCM has been widely used in the treatment of chronic 
lung diseases (45,46). YQGB is composed of Dangshen [DS, 
Codonopsis pilosula (Franch.)], Baizhu (BZ, Atractylodes 
macrocephala), Fuling [FL, Poria cocos (Schw.) Wolf], 
Chenpi (CP, Citrus reticulata Blanco), Banxia [BX, Pinellia 
ternata (Thunb.) Breit], Yiyiren [YYR, Coixlacryma-
jobi L.var.mayuen (Roman.) Stapf], Fuxiaomai (FXM, 
Triticum aestivum L.), Zisu [ZS, Perilla frutescens 
(L.) Britt], Kuandonghua (KDH, Tussilago farfara L.), 
Huangqin (HQ, Scutellaria baicalensis Ceorgi), Yibeimu 
(YBM, Fritillariapallidiflora Schrenk), Pibaye [Eriobotrya 
japonica (Thunb.) Lindl] and Fangfeng [FF, Saponshnikovia 
divaricate (Turcz.) Schischk]. With beneficial effects of qi 
strengthening, spleen drying and phlegm relieving, it has 
been put into use in the form of TCM pills since 2004, and 
approved for clinical trials of investigational new drug in 
2018. During the past decade of clinical use, it can reduce 
the number of acute exacerbations in COPD patients, 
extend the time interval, and shorten the duration of acute 
exacerbations, showing promising efficacy (47-50). This 
study found that YQGB was able to significantly alleviate 
pulmonary function in patients with COPD. Consistent 
with previous studies, YQGB improved the quality of life 
of stable COPD patients and reduced the number of acute 
exacerbation events per year (14). YQGB can significantly 
prolong the cough latency of COPD rat models, reduce 
cough frequency, and lower serum tumor necrosis factor 
(TNF) content (51). The expression of SIRT5 increased in 
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patients with COPD after YQGB treatment, along with the 
recovery of mitochondrial function. These results suggest 
that YQGB may exert therapeutic effects by increasing 
SIRT5 expression and regulating mitochondrial functional 
pathways in patients with COPD.

Conclusions

This study demonstrated that YQGB was able to increase 
SIRT5 expression and reversing mitochondrial dysfunction 
from the cytostatic effects in patients with COPD and CSE 
stimulated HBE cells. These findings suggest that YQGB 
can treat COPD and improve pulmonary function indicators 
in COPD patients to a certain extent. The mechanism 
of action may be through increasing the expression level 
of SIRT5 and reversing mitochondrial dysfunction, thus 
showing therapeutic effect in the treatment of COPD. 
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