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Abstract 

Purpose: To investigate the effect of Yiqi Gubiao pill (YGP) on chronic obstructive pulmonary disease 
(COPD) in rats, and the mechanism of its action.  
Methods: Six groups of eight-week old male SPF-grade Wistar rats (n = 60) were used (10 rats/group), 
viz, control, COPD, low-dose YGP, medium-dose YGP, high-dose YGP, and dexamethasone groups. 
Chronic obstructive pulmonary disease (COPD) was induced using a standard method. Graded doses 
of YGP were prepared by dissolving 100, 200 or 400 pills of Yiqi Gubiao. Lung damage and airway 
remodeling were determined by histological examination. Enzyme-linked immunosorbent assay (ELISA) 
was used to measure levels of klotho in rat serum and bronchoalveolar lavage fluid (BALF). The mRNA 
and protein expressions of klotho in lung tissue were assayed with qRT-PCR) and Western blot assay, 
respectively. 
Results: Serum and BALF klotho levels were significantly lower in COPD rats than in control, but the 
levels were markedly and dose-dependently increased by YGP (p < 0.05). Treatment of COPD rats with 
YGP led to significant and dose-dependent upregulation of mRNA and protein expressions of klotho (p 
< 0.05). Moreover, histologic score (index of lung damage) increased in COPD rats, relative to control, 
but it was dose-dependently decreased by YGP (p < 0.05).   
Conclusion: These results suggest that YGP alleviates COPD in rats via the upregulation of klotho 
expression. However, the potential use of YGP for COPD still needs further clinical research. 
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INTRODUCTION 
 
Chronic obstructive pulmonary disease (COPD) 
is an airway inflammatory illness with high 
degree of recurrence [1]. The symptoms of the 
disease are shortness of breath and cough with 
sputum production, and they worsen over time. 
Lung damage caused by COPD is irreversible 

[1]. Although largely preventable, mortality due to 
COPD and cost of treatment are on the rise. The 
prevention and management of the disease are 
further hindered by limited knowledge of its 
pathogenesis, as well as lack of therapies 
specifically targeting COPD [1]. The disease is 
often overlooked and misdiagnosed. Treatment 
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strategies for COPD usually overlap with those 
for asthma [1]. 
 
Klotho, a protein expressed in several tissues, 
serves as a co-receptor for fibroblast growth 
factor 23 (FGF-23) [2]. Klotho possesses varied 
biological properties, and it has been associated 
with pathologies of various ailments including 
diabetes mellitus, cancer and Alzheimer’s 
disease. However, its role in these conditions is 
yet to be fully elucidated [2].   
 
In recent years, Traditional Chinese Medicine 
(TCM) has shown great promise in alleviating 
COPD [3]. Yiqi Gubiao pill (YGP) is an agent 
used in TCM for treating COPD and other 
pulmonary diseases. However, little or nothing is 
known about the precise molecular 
mechanism(s) involved. The aim of this study 
was to investigate the effect of YGP on COPD in 
rats, and the mechanism involved.  
 
EXPERIMENTAL 
 
Materials 
 
Marlboro cigarette was purchased from 
Changsha Cigarette Factory. Klotho small-
interfering RNA was obtained from Shanghai 
GenePharma Co. Ltd. Rabbit anti-human klotho 
and β-actin, and horseradish peroxidase-labeled 
goat anti-rabbit IgG were products of Abcam. 
Polymerase chain reaction (PCR) primers were 
bought from Sangon Biotech Co. Ltd, while BCA 
protein assay kit was provided by Biyuntian 
Biotechnology Institute. 
 
This research received approval from the Animal 
Ethical Committee of The Traditional Chinese 
Medicine Hospital Affiliated to Xinjiang Medical 
University (approval no. 2018736271), and was 
conducted according to the guidelines of 
Principles of Laboratory Animal Care [4]. 
 
Rats 
 
Male SPF-grade Wistar rats (n = 60) aged 8 
weeks and weighing 150 – 250 g (mean weight = 
200 ± 50 g) were obtained from Experimental 
Animal Center of National Clinical Research 
Base of Traditional Chinese Medicine Hospital 
Affiliated to Xinjiang Medical University, China. 
The rats were acclimatized to the laboratory 
environment for 7 days prior to commencement 
of the study. They were housed in metal cages 
under standard conditions, and were allowed 
access to standard feed and water at 12-h 
light/12-h dark cycle, average temperature of 25 
± 2 ˚C and humidity of 40 - 50 %. The study 
procedures were carried out according to the 

guidelines of Association for the Assessment and 
Accreditation of Laboratory Animal Care 
International (AAALAC). 
 
Rat grouping and treatment     
 
The rats were randomly assigned to 6 groups (10 
rats/group): control group, COPD, low-dose 
YGP, medium-dose YGP, high-dose YGP and 
dexamethasone groups, and COPD was induced 
using standard methods. The rats received one 
dose of intra-tracheal elastase (20 U/100 g) on 
the 30th day, and were exposed to cigarette 
smoke every day for 1 h for 90 days (10 
cigarettes/time, morning and afternoon). The 
control group rats received equivalent volume of 
normal saline (3 mL/100 g, once a day for 14 
days) via intra-tracheal instillation. Graded doses 
of YGP were prepared by dissolving 100, 200 or 
400 pills of Yiqi Gubiao, each in 500 mL of 
normal saline, and administering as a single 
dose of 3 mL/100 g orally once a day. 
Dexamethasone was administered orally (1 
mg/kg). The treatment lasted 14 days. Changes 
in lung function were monitored before and after 
modeling. Methacholine challenge test was used 
to measure airway hyperactivity [enhanced 
pause (Penh), tidal volume (TV), and respiratory 
frequency (F)]. 
 
Collection of blood and tissue samples  
 
After 90 days of induction of COPD and 14 days 
of treatment, blood was collected from retro-
orbital plexus of each rat under mild anesthesia, 
and the sera were subjected to biochemical 
assays. The rats were euthanized via cervical 
dislocation and their lungs were excised for 
histopathological examination. 
 
Histopathological examination of lung tissues 
 
Excised lung tissues were fixed in 4 % 
paraformaldehyde, paraffin-embedded, and 
thereafter sectioned using a microtome, followed 
by H & E staining and examination under a light 
microscope. An image analyzer (Image-Pro Plus, 
6.0) was used to determine histopathological 
changes in lung tissues, and the severity of lung 
damage was scored. Total histological score was 
taken based on a set of defined features. The 
higher the histologic score, the more impaired 
the lung. 
 
Determination of levels of klotho in serum 
and BALF 
 
The expression levels of klotho in serum and 
BALF were measured using their respective 
ELISA kits. 
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Western blotting  
 
Total protein was extracted from cell suspension 
resulting from trypsinization of lung tissue (100 
mg) using RIPA buffer mixed with protease 
inhibitor. Following determination of protein 
concentration with BCA method, the protein was 
subjected to Western blotting via SDS-PAGE, 
transfer to PVDF membranes, blocking of non-
specific binding, overnight incubation with 1o 
antibodies for klotho and β-actin at 4 ∘C, 
incubation with HRP-linked goat anti-rabbit IgG 
2o antibody, blot development with X-ray film, 
and Grayscale analysis with ImageJ Launcher 
software. β-Actin served as standard. 
 
Quantitative reverse transcription polymerase 
chain reaction (qRT-PCR)   
 
The level of expression of klotho was determined 
using qRT-PCR. Following extraction of total 
RNA from cells of each group with TriZOL, the 
RNA was reverse-transcribed to cDNA. 
Measurement of expression level of klotho was 
done with 1536 RT-PCR Light Cycler. Variation 
in the cDNA content was normalized using 
GAPDH. The 2-ΔΔCt method was employed for 
computation of protein expression levels. The 
primer sequences of klotho used are shown in 
Table 1. 
 
Table 1: Primer sequences 
 
Gene Sequence 

Klotho 

Forward: 5c-CAATGGCTTCCCTCCTTTAC-
3c 
Reverse: 5c-
AGCACACAGGTTTGCGTAGTCT-3c 
(512bp) 

β-Actin 

Forward: 5c-
ACCCACACTGTGCCCATCTAT-GA-3c 
Reverse: 5c-CATCGGAACCGCTCATTATT 
CCGAT-AG-3c (296 bp) 

 
Agarose gel electrophoresis 
 
The PCR products were subjected to 
electrophoresis on 11.5 % agarose gel and 
Grayscale analysis was carried out with ImageJ 
Launcher software. The mean optical densities of 
the target gene and internal reference were 
compared. 
 
Statistical analysis 
 
Data are presented as mean ± SD, and they 
were statistically analyzed with SPSS (version 
17.0). Group comparison was done with 
Student’s t-test. Values of p < 0.05 were taken as 
significant.  

   
RESULTS 
 
Effect of YGP on histological changes in lung 
tissues 
 
Lung tissues of control group rats exhibited 
normal histology. Pulmonary alveolar wall 
hyperplasia and thickening (interstitial edema 
and accumulation of inflammatory cells), 
bronchial lesions, alveolar wall rupture, 
expansion, atrophy and necrosis were seen in 
the lungs of COPD rats, relative to control rats, 
but they were decreased by YGP exposure. 
Similarly, histologic score (index of lung injury) 
was markedly raised in COPD rats, relative to 
control, but it was markedly decreased by YGP 
(p < 0.05; Figure 1). 
 

 
 
Figure 1: Effect of YGP on histological changes in 
lung tissues 
 
Effect of YGP on levels of klotho in rat serum  
 
Table 2 and Figure 2 indicate that YGP exposure 
markedly and dose-dependently increased the 
serum levels of klotho in COPD rats (p < 0.05). 
 
Effect of YGP on levels of klotho in rat BALF 
 
The BALF klotho level was significantly lower in 
COPD group than in control group, but it was 
significantly and dose-dependently increased by 
YGP (p < 0.05; Table 3 and Figure 3). 
 
Table 2: Levels of klotho in rat serum 
 
Group Klotho (ng/mL) 
Control 1.09 ± 0.29 
COPD 0.38 ± 0.16a 
Dexamethasone 0.89 ± 0.33b 
Low-dose YGP 0.46 ± 0.17b 
Medium-dose YGP 0.51 ± 0.28 b, c 
High-dose YGP 0.97 ± 0.34 b, d 
a, b, c, dP < 0.05 (avs control; bvs COPD rats; cvs low-
dose YGP rats; dvs medium-dose YGP rats) 
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Figure 2: Levels of klotho in rat serum 
 
Table 3: Levels of klotho in rat BALF 
 
Group Klotho (ng/mL)
Control 1.04 ± 0.33
COPD 0.34 ± 0.14a 
Dexamethasone 0.66 ± 0.18b

Low-dose YGP 0.40 ± 0.16b 
Medium-dose YGP 0.52 ± 0.16 b, c

High-dose YGP 0.75 ± 0.26 b, d 
a,b,c,dP < 0.05 (avs control; bvs COPD rats; cvs low-dose 
YGP rats; dvs medium-dose YGP rats)   
 

 
 
Figure 3: Levels of klotho in rat BALF 
 
Effect of YGP on klotho protein expression in 
rat lung tissue 
 
Treatment of COPD rats with YGP led to 
significant and dose-dependent upregulation of 
klotho protein expression (p < 0.05). These 
results are shown in Table 4 and Figure 4. 
 
Table 4: Klotho protein expression in rat lung tissue 
 
Group Klotho (%) 
Control 0.57 ± 0.09 
COPD 0.27 ± 0.04a

Dexamethasone 0.45 ± 0.08b 
Low-dose YGP 0.30 ± 0.05b

Medium-dose YGP 0.37 ± 0.06 b, c 
High-dose YGP 0.54 ± 0.03 b, d

a,b,c,dP < 0.05 (avs control; bvs COPD rats; cvs low-dose 
YGP rats; dvs medium-dose YGP rats)     
 

 
 
Figure 4: Klotho protein expression in rat lung tissue 
 
Effect of YGP on klotho mRNA expression in 
rat lung tissue 
 
The level of expression of klotho mRNA was 
significantly lower in COPD group than in control 
group, but it was significantly and dose-
dependently increased by YGP (p < 0.05; Table 
5 and Figure 5). 
 
Table 5: mRNA expression of klotho in rat lung tissue 
 
Group Klotho (%) 
Control 1.01 ± 0.15 
COPD 0.50 ± 0.10a 
Dexamethasone 0.79 ± 0.11b 
Low-dose YGP 0.61 ± 0.14b 
Medium-dose YGP 0.69 ± 0.16 b, c 
High-dose YGP 0.88 ± 0.20 b, d 
a,b,c,dP < 0.05 (avs control; bvs COPD rats; cvs low-dose 
YGP rats; dvs medium-dose YGP rats)       
 

 
 
Figure 5: Klotho mRNA expression in rat lung tissue 
 
Effect of YGP on electrophoresis of PCR 
products 
 
As shown in Figure 6, the PCR product sizes 
were consistent with the fragment length of 
klotho gene (the product bands were single). The 
electrophoretic patterns of 28S and 18S were the 
brightest, while that of 5S was the weakest (no 
stripe). The single and complete stripe was 
consistent with that of a pure RNA sample. 
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Figure 6: Effect of YGP on electrophoresis of PCR 
products. A: Electrophoretogram of PCR products; B: 
Identification of electrophoretically-separated RNA 
 
DISCUSSION 
 
The disease CCOPD, a progressive disorder that 
results in impairment of breathing, is associated 
with chronic inflammatory reactions and 
proteolysis. It is a leading factor of disability, 
morbidity and death in smokers. It causes 
destruction of the alveolar wall, impairment of 
lung function, and chronic inflammatory response 
in lung airways. The most common cause of 
COPD is tobacco smoke, while a smaller number 
of cases are due to factors such as air 
pollution and genetics [5]. Prolonged exposure to 
these stimulants triggers pulmonary 
inflammation, leading to obstruction of small 
airways and pulmonary lesions. 
 
The clinical diagnosis of COPD relies on 
impaired airflow which is determined using lung 
function tests. Unlike asthma, poor airflow is not 
relieved with bronchodilators. The incidence of 
COPD can be minimized by avoiding exposure to 
the pre-disposing stimulants. This entails 
reducing or stopping smoking as well as 
enhancing ventilation. While therapy may slow 
down the condition from worsening, there is no 
known cure for COPD [6]. Moreover, COPD is 
associated with lung age because lung tissue is 
in direct contact with inhaled cigarette smoke-
derived oxidants, free radicals and other organic 
components [7,8]. The pathogenesis of COPD is 
complex and the precise molecular mechanism 
involved has not been fully elucidated. Although 
it is well-established that smoking is the most 
crucial predisposing factor for COPD, merely 10 
to 20 % of habitual smokers eventually get 
COPD [9,10]. Animal models enhance 
awareness of the basic processes involved in 
COPD pathogenesis and therapy. Although 
these models merely mimic some manifestations 
of COPD, they are nonetheless useful for studies 
on mechanisms underlying human COPD. 
 
In man, klotho is coded for by KL gene. Klotho 
comprises 3 sub-types. While α-klotho activates 
FGF-23, β-klotho activates FGF-19 and FGF-21. 

Usually, α-klotho is implied if the sub-type is not 
indicated [11]. Klotho is expressed in the brain, 
kidneys, sex organs, pituitary, and parathyroid 
glands. It promotes longevity and regulates 
carbohydrate and mineral metabolism in 
nephrotic and neuronal tissues. Moreover, klotho 
may affect cancer and tumor suppression routes, 
as well as the development of many premature 
senescent phenotypes such as osteoporosis, 
stroke, CVDs and atherosclerosis in humans and 
mice. Emerging evidence suggest that klotho is 
implicated in skeletal muscle health and lifetime 
changes in bone mineral density [12]. The 
development of emphysema in klotho-knockout 
rat has been shown to be accompanied by 
increased expressions of matrix 
metalloproteinases [13,14].  
 
In TCM, YGP has shown great promise as a 
potential drug for the treatment of COPD. It 
strengthens spleen and lungs [15-17]. The 
present study investigated the influence of YGP 
on rats with COPD, and the mechanism involved. 
The results showed that treatment of COPD rats 
with YGP significantly and dose-dependently 
increased the serum and BALF levels of klotho. It 
also significantly and dose-dependently 
upregulated the mRNA and protein expressions 
of klotho in lung tissues of COPD rats. These 
results indicate that YGP may alleviate COPD via 
a mechanism involving the upregulation of 
klotho. 
 
CONCLUSION 
 
The findings of this investigation suggest that 
YGP mitigates COPD in rats via upregulation of 
klotho expression. However, the potential use of 
YGP for COPD still needs further clinical 
research. 
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