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Purpose: Sarcopenia, the loss of skeletal muscle mass and strength, is a common systemic 
consequence of chronic obstructive pulmonary disease (COPD) and is correlated with higher 
mortality. Ninjin’yoeito (NYT) is a Japanese herbal medicine used to treat athrepsia and 
anorexia and is reported to ameliorate weight loss and muscular dysfunction. Recent studies 
have shown that its crude components upregulate the peroxisome proliferator-activated 
receptor γ coactivator-1α (PGC-1α)-related pathway, which is involved in skeletal muscle 
functions. Here, we examined whether NYT improves skeletal muscle complications by 
upregulating PGC-1α in COPD model mice.
Materials and Methods: Mice were divided into four groups: control, NYT, smoking, and 
smoking + NYT. The smoking and smoking + NYT groups were exposed to cigarette smoke for 
60 min once daily. The mice in the NYT and smoking + NYT groups were fed an NYT-containing 
diet (3% w/w). We performed cellular analysis of bronchoalveolar lavage fluid, assessed pul-
monary morphological changes, examined the expression of PGC-1α mRNA and protein in the 
gastrocnemius and soleus muscle, measured the hindlimb muscle volume with micro-computed 
tomography, and determined the myofiber proportion in soleus muscle after 12 weeks.
Results: Cigarette smoke exposure resulted in reduced skeletal muscle volume and slow- 
twitch muscle fibers and development of pulmonary emphysema. NYT feeding induced 
partial recovery of the damaged alveolar wall; however, NYT did not ameliorate smoke- 
induced alveolar enlargement. These findings revealed that NYT did not have sufficient 
efficacy in suppressing pulmonary emphysema. On the other hand, PGC-1α expression in 
muscle tissue of the NYT-fed mice increased significantly, resulting in suppression of smoke- 
induced loss of muscle mass and alteration in the muscle fiber distribution.
Conclusion: NYT increases PGC-1α expression in the muscle of COPD model mice and is 
involved in suppressing cigarette smoke-induced muscle complications. NYT may be a novel 
preventive and therapeutic medication for muscular dysfunctions in COPD.
Keywords: chronic obstructive pulmonary disease, sarcopenia, peroxisome proliferator- 
activated receptor γ coactivator-1α, Ninjin’yoeito, muscle dysfunction

Introduction
Chronic obstructive pulmonary disease (COPD) is a life-threatening lung disease 
caused by prolonged inhalation of noxious particles or gases, primarily cigarette 
smoke.1 It is characterized by persistent, progressive airflow limitations due to 
small airway damage and pulmonary emphysema with parenchymal destruction.2 
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COPD is often associated with other chronic comorbidities 
that contribute to patients’ clinical manifestations and 
prognoses, including skeletal muscle wasting and a lower 
fat-free mass index.3,4

Sarcopenia, which is age-related loss of skeletal muscle 
mass and strength, can be enhanced by catabolic processes 
in chronic illnesses and is a common systemic conse-
quence of COPD.5 Systemic inflammation,3,6 oxidative 
stress,7 and hypoxemia,8 as well as insufficient physical 
activity due to respiratory dysfunction and symptoms,9 

may cause skeletal muscle dysfunction. Muscle weakening 
can subsequently further decrease physical activity, exer-
cise tolerance, and quality of life.10,11 Physical inactivity is 
an important predictor of the outcome among various 
factors regarding the physical status in COPD. A lower 
physical activity level is associated with the risk of exacer-
bation and all-cause mortality in patients with COPD.12,13 

Therefore, strategies to get patients out of the vicious 
circle of muscle complications are necessary to improve 
the prognosis of COPD. Attempts have been made to 
improve skeletal muscle volume and function with nutri-
tion or hormones in COPD patients; however, the effects 
remain unclear.14

Skeletal muscle features in COPD are manifested as 
structural and functional changes in muscle fibers. 
Mitochondrial dysfunction in skeletal muscles of COPD 
patients has been reported, including reduced enzyme activ-
ity and oxidative phosphorylation.15 Furthermore, a shift in 
the distribution of the muscle fiber type from type I to type 
II is a typical feature of COPD16,17 and is inconsistent with 
simple aging. These changes can be partially explained by 
decreased expression of peroxisome proliferator-activated 
receptor γ coactivator-1α (PGC-1α), which is involved in 
the regulation of muscular mitochondrial biogenesis.18 

A case–control study showed a reduction in PGC-1α in 
lower limb muscles of cachectic COPD patients.19 PGC- 
1α may be a crucial factor for the maintenance of muscular 
function in COPD; therefore, we have focused on PGC-1α 
and its related proteins. Irisin is a myokine and is an 
example of a downstream peptide of PGC-1α.20 We 
reported that serum irisin levels are decreased significantly 
in patients with COPD compared to their healthy counter-
parts and that the irisin levels are correlated with the phy-
sical activity level.21 We also found that serum irisin levels 
are significantly correlated with the diffusion capacity of the 
lung and the low-attenuation area of chest computed tomo-
graphy (CT) images in patients with COPD.22 Furthermore, 
we showed that an exercise-based intervention increases 

serum irisin levels and consequently ameliorates cigarette 
smoke-induced emphysema in COPD model mice through 
the irisin-accelerated antioxidation pathway.23 Considering 
these data, the PGC-1α-related pathway is potent and has 
a favorable effect not only on muscle fibers but also on lung 
tissue damaged by smoking.

Ninjin’yoeito (NYT) is a Japanese herbal medicine used 
to treat symptoms such as fatigue, athrepsia, and anorexia in 
the convalescent phase after illness or surgery.24 It is com-
posed of 12 ingredients: Panax ginseng roots, Angelica acu-
tiloba roots, Rehmannia glutinosa var. purpurea roots, 
Atractylodes japonica rhizomes, Wolfiporia cocos sclerotia, 
Paeonia lactiflora roots, Citrus unshiu peel, Polygala tenui-
folia root bark, Astragalus membranaceus roots, 
Cinnamomum cassia bark, Schisandra chinensis fruit, and 
the roots and stolons of Glycyrrhiza uralensis. NYT amelio-
rates the reduced muscle complications in tumor-bearing 
model mice25 or Klotho mice.26 These reports suggest that 
NYT may be a potentially useful treatment for age-related or 
chronic disease-related sarcopenia. Furthermore, some crude 
components of NYT upregulate the PGC-1α-related 
pathway.27,28

Based on these studies, we hypothesize that NYT ame-
liorates the loss of skeletal muscle function by upregulat-
ing PGC-1α and suppresses emphysema by consequently 
activating an antioxidative pathway in COPD. The purpose 
of this study was to determine whether NYT improves 
skeletal muscle complications and pulmonary emphysema 
in cigarette-smoking model mice.

Materials and Methods
Animals
Four-week-old male C57BL/6 mice (13–19 g) were pur-
chased from Japan SLC (Shizuoka, Japan) and housed in 
pathogen-free conditions at a constant temperature of 23°C 
± 2°C and a 12 h-light/dark cycle. The mice were divided 
randomly into four groups: (1) control (n = 8), (2) NYT (n 
= 8), (3) smoking (n = 8), and (4) smoking + NYT (n = 8). 
The mice in the control and smoking groups were fed 
a standard diet (MF diet containing 7.9% water, 23.1% 
protein, 5.1% fat, 5.8% minerals, 2.8% fiber, and 55.3% 
carbohydrates). The mice in the NYT and smoking + NYT 
groups were fed a diet containing 3% (w/w) NYT (Kracie 
Ninjin’yoeito Extract Granules; Kracie Pharma Ltd., Tokyo, 
Japan) that was added to the standard diet. These diets were 
prepared by Oriental Yeast Co. Ltd. (Tokyo, Japan). The 
mice were provided with each diet and water ad libitum. All 
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experimental protocols described herein were approved by 
the Ethics Committee of the Institutional Animal Care and 
Use of Osaka City University Graduate School of Medicine 
(Permit Number: 19,011, 5 Aug 2019). Animal experiments 
were conducted in accordance with the Regulations on 
Animal Experiments in Osaka City University following 
the Guidelines for Proper Conduct of Animal Experiments 
in Japan.

Cigarette Smoke Exposure
Following 1 week of acclimatization, the smoking and 
smoking + NYT groups were exposed to cigarette smoke 
(18 cigarettes/day) generated from commercially marketed 
Peace non-filtered cigarettes (2.3 mg nicotine and 28 mg 
tar/cigarette; Japan Tobacco, Tokyo, Japan). We used 
a cigarette smoke inhalation experimental system for 
small animals (SG-300; Shibata Scientific Technology, 
Tokyo, Japan) for the exposure to cigarette smoke. The 
control and NYT groups were exposed to ambient air in 
restraint tubes for 60 min, as were the other groups during 
the smoke exposure. Cigarette smoke exposure or mock 
treatment was performed once a day, for 60 min 
per session, 5 times per week, for 12 weeks.

Animal Preparation for Evaluation
All mice were sacrificed under deep anesthesia 24 h after 
the last exposure to smoke. Bronchoalveolar lavage (BAL) 
was performed, and the BAL fluid (BALF) was collected 
as previously described.23 After BAL, the left lung was 
dissected and immediately soaked in 10% formalin. The 
gastrocnemius and soleus muscles were dissected from the 
right leg of each mouse for muscle analysis. The muscles 
were cut in half, and one specimen was shock-frozen in 
liquid nitrogen for the protein assay, and the other was 
placed in RNAlater (Thermo Fisher Scientific, Waltham, 
MA, USA) for mRNA expression analysis. We also 
resected the left leg on the proximal side of the femur, 
removed all skin, and fixed the specimen in 10% formalin 
for 48 h.

BALF Analysis
The recovered BALF was treated as previously described.23 

Briefly, the BALF was centrifuged (1200 × g, 4°C, 10 min), 
and the cell pellet was resuspended in 1 mL phosphate- 
buffered saline and subjected to a cytospin procedure using 
a Shandon Cytospin 3 centrifuge (Shandon Scientific Co., 
London, England). The slides were stained with Diff-Quik 
(Sysmex, Kobe, Japan) for cell counts (total cells and 

neutrophils). Cell counting was performed in a blinded 
manner.

Morphological Assessment of Emphysema
The left lung was perfused and fixed with 10% formalin 
for 48 h at 25 cm H2O and used for routine histological 
staining. Three-micrometer thick sections were stained 
with hematoxylin and eosin. The airspace enlargement 
was determined by the mean linear intercept (MLI), as 
previously described.29 Furthermore, the destructive 
index (DI) was also measured to evaluate alveolar destruc-
tion, as previously described.30 These analyses were per-
formed in a blinded manner.

Gene Expression Analysis
The specimen containing the gastrocnemius and soleus 
muscles from the right hindlimb was homogenized in 
RLT lysis buffer (Qiagen NV, Venlo, Netherlands). Total 
RNA from the muscle was extracted with the RNeasy 
Fibrous Tissue Mini Kit (Qiagen NV). cDNA was synthe-
sized using the SuperScript VILO cDNA synthesis kit 
(Thermo Fisher Scientific). mRNA expression of the target 
gene PGC-1α (Mm01208835_m1; Thermo Fisher 
Scientific) in comparison with housekeeping gene 36B4 
(Mm00725448_s1; Thermo Fisher Scientific) was deter-
mined with TaqMan gene expression assays on an Applied 
Biosystems 7500 real-time PCR system (Thermo Fisher 
Scientific). The relative mRNA level was normalized 
using the ΔΔCT method.

Western Blot Analysis
Frozen muscles containing the gastrocnemius and soleus 
from the right leg were subjected to Western blot analysis. 
About 30 mg of the muscle sample was homogenized in 
300 µL radioimmunoprecipitation assay buffer (Beyotime 
Biotechnology, Shanghai, China) supplemented with the 
Protease Inhibitor Cocktail (Cell Signaling Technology) 
and phenylmethanesulfonyl fluoride (Cell Signaling 
Technology, Danvers, MA, USA). Subsequently, the sam-
ples were placed on ice for 5 min and then centrifuged at 
11,800 × g and 4°C for 4 min. The supernatant was 
collected, and the proteins were separated using sodium 
dodecyl sulfate polyacrylamide gel electrophoresis with 
Mini-PROTEAN TGX Precast Protein Gels (#4,561,083; 
Bio-Rad, Hercules, CA, USA) and transferred onto poly-
vinylidene fluoride membranes (IB24001; Thermo Fisher 
Scientific). Four 10-well gels were electrophoresed simul-
taneously and transferred to a single membrane to avoid 
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inter-membrane variation in quantitative analysis. The 
membrane was incubated with primary anti-PGC-1α anti-
body (1:1000, ab54481; Abcam, Cambridge, UK) or anti- 
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
antibody (1:10,000, ab8245; Abcam) at 4°C overnight. 
The membrane was then incubated with the appropriate 
horseradish peroxidase-conjugated secondary antibodies 
(goat anti-rabbit IgG; #4030-05 and goat anti-mouse IgG; 
#1030-05, SouthernBiotech, Birmingham, AL, USA) for 
2 h at room temperature. Western blot signals were 
acquired using a Fuji LAS-4000 fluorescence imager 
(Fujifilm Corporation, Tokyo, Japan) with SuperSignal 
West Dura Extended Duration Substrate (Thermo Fisher 
Scientific). The level of target protein was normalized to 
the level of GAPDH.

Volumetric Evaluation of Lower Leg 
Muscle
We performed CT of mice with the third generation CT 
scanner, LaTheta LCT-200 (Hitachi-Aloka, Tokyo, Japan) 
for muscle volume analysis. The tube voltage was set at 50 
kV, and the current was constant at 0.5 mA. Scanning was 
carried out with a resolution of 96-µm pixels over 360° in 
a 48-mm wide holder. Just before sacrifice and under deep 
anesthesia, the lower body of each mouse was scanned to 
detect the length of the tibia. We used the formalin-fixed leg 
to measure the volume of muscles located below the knee, 
the principal components of which are the extensor digi-
torum longus, tibialis anterior, gastrocnemius, and soleus 
muscles. The lower portion was cut out by dissecting at 
the patella joint and the ankle joint, and upper hindlimb 
muscles left over were removed. The resected specimen 
was scanned using the same procedure above with the 
LCT-200. The scanned images were reconstructed in 3D 
and analyzed using the free, open source software, 3D slicer 
(version 4.10.2, https://www.slicer.org/). The length of the 
tibia (LT µm) was defined as the distance from the upper 
extremity of the left tibia to the medial malleolus. The 
volume of the left lower hindlimb muscle (V µm3) was 
measured as the quantity of voxels with densities within 
the range of (−140) – (+350) Hounsfield Units according 
to the definition in the LCT-200 software. We used 
a definition of corrected muscle volume (VC µm) for analy-
sis, considering the difference in body length, as appendi-
cular skeletal muscle mass adjusted by height squared 
(appendicular skeletal muscle mass index) for evaluating 

sarcopenia in humans.31,32 The corrected muscle volume 
was calculated with the following formula: VC = V/(LT)2.

Analysis of Muscle Fiber Characteristics
The posterior muscles of the lower hindlimbs were dissected 
after CT scanning, embedded in paraffin, and sectioned at 
a thickness of 3 μm. After deparaffinization, the sections 
were heated in citrate buffer (10 mM sodium citrate, pH 6.0) 
for antigen retrieval. Subsequently, they were preincubated 
for 10 min in Blocking One Histo (Nacalai Tesque, Kyoto, 
Japan) at room temperature and incubated overnight at 4°C 
with primary antibodies for slow-type myosin heavy chain 
(sMyHC) (1:1000, ab11083; Abcam) and dystrophin (1:100, 
ab15277; Abcam). Secondary antibody incubation was per-
formed with Alexa Fluor 488- (1:500, ab150113; Abcam) 
and Alexa Fluor 594- (1:500, ab150080; Abcam) conjugated 
antibodies for 2 h at room temperature in the dark to detect 
sMyHC and dystrophin, respectively. Specimens were 
mounted in ProLong Gold Antifade Mountant (Thermo 
Fisher Scientific). Digitized images of immunolabeled sec-
tions were obtained using a camera housing attached to 
a fluorescence microscope, BX53/BX3-URA/DP70 
(Olympus Co., Tokyo, Japan) for analysis of the distribution 
of myofiber type. All fibers composing the soleus on each 
section were evaluated. The type I fiber mass was quantified 
as the ratio of the number of sMyHC-positive fibers to that 
of all myofibers.

Statistical Analysis
Data are expressed as the mean ± standard error or in 
scatter plots with the mean. Differences were evaluated 
using two-way analysis of variance (ANOVA) with two 
factors (exposure: air or smoke; diet: vehicle or NYT) for 
multiple-group comparisons. Post-hoc comparison was 
assessed with the Tukey–Kramer test when a significant 
interaction between exposure and diet was detected. 
Statistical significance was accepted at p < 0.05. All sta-
tistical analyses were performed using GraphPad Prism 
7.04 (GraphPad Software, San Diego, CA, USA).

Results
Daily Food Consumption and Changes in 
Body Weight
One mouse from the smoking group and another from the 
smoking + NYT group were excluded from the analysis due 
to death from unknown causes after cigarette smoke exposure. 
The average daily consumption of food per mouse was 
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calculated by weekly measurement of food remaining in the 
cage. Food consumption during the entire experimental period 
was 3.39 ± 0.040, 3.39 ± 0.027, 2.92 ± 0.024, and 3.09 ± 0.035 
g/mouse/day for the control, NYT, smoking, and smoking + 
NYT groups, respectively. Although the cigarette smoke- 
exposed groups appeared to have lower consumption, more 
accurate measurement will be necessary to confirm this obser-
vation. Weekly body weight measurements for each group are 
shown in Figure 1A. Body weights steadily increased during 
the 12 weeks. Two-way ANOVA for body weight at the 12th 
week showed a significant difference in exposure (F (1, 26) = 
6.126, p = 0.020), but not in diet (F (1, 26) = 1.833, p = 0.19) 
(Figure 1B). No interaction was detected between exposure 
and diet (F (1, 26) = 0.947, p = 0.34).

Smoke Exposure Induced Alveolar 
Inflammatory Cell Infiltration and 
Emphysema
Representative images of cells in BALF are shown in Figure 
2A. The cell population analysis revealed a significant effect 
of exposure on increasing the number of inflammatory cells 
in BALF (total cell count: F (1, 26) = 71.121, p < 0.001; 
number of neutrophils: F (1, 26) = 124.265, p < 0.001) 
(Figure 2B and C). On the other hand, neither an effect of 
diet nor an interaction between exposure and diet was 
detected (total cell count: F (1, 26) = 1.971, p = 0.17 and 
F (1, 26) = 0.014, p = 0.91; number of neutrophils: F (1, 26) 

= 1.165, p = 0.29 and F (1, 26) = 1.064, p = 0.31). Smoke 
exposure also resulted in air space enlargement and alveolar 
destruction (Figure 3A). Two-way ANOVA showed 
a significant effect of exposure (MLI: F (1, 26) = 5.369, 
p = 0.029; DI: F (1, 26) = 12.437, p < 0.001) (Figure 3B and 
C). Neither morphological indication was affected by diet 
(MLI: F (1, 26) = 0.255, p = 0.62; DI: F (1, 26) = 3.257, p = 
0.083). However, an interaction of exposure and diet was 
detected only for the DI (MLI: F (1, 26) = 0.050, p = 0.83; 
DI: F (1, 26) = 9.679, p = 0.0045). The post-hoc test 
revealed that exposure to cigarette smoke for 12 weeks 
caused a significant increase in DI in the lungs of mice in 
the smoking group compared to the control group (p < 
0.001), and the lung tissues from the smoking + NYT 
group showed a lower DI than tissues from the smoking 
group (p = 0.012).

PGC-1α Expression Levels Were 
Increased in the Lower Leg Muscle of 
NYT-Fed Mice
We performed qPCR with homogenates of the lower leg 
muscle to evaluate the mRNA expression level of PGC-1α. 
Two-way ANOVA showed a significant difference in diet 
(F (1, 26) = 13.834, p = 0.0010), but not in exposure (F (1, 
26) = 1.225, p = 0.28) (Figure 4A). No interaction was 
detected between exposure and diet (F (1, 26) = 1.436, p = 
0.24). Representative images of Western blot signals from the 

Figure 1 Changes in body weight over time and at week 12. 
Notes: (A) Body weight changes in mice. Body weight steadily increased during the 12 weeks. Values are presented as the mean ± standard error. (B) The body weight at 
the 12th week in each group. The cigarette smoke-exposed groups showed significantly lower body weight (F (1, 26) = 6.126, p < 0.05). The main effect of diet was not 
significant (F (1, 26) = 1.833, p = 0.19). 
Abbreviations: NYT, ninjin’yoeito; n.s., not significant.
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Figure 2 Total cell count and proportion of neutrophils in BALF. 
Notes: (A) Representative images of BALF from each group are shown at 200× magnification. (B and C) Two-way ANOVA for the cell population analysis revealed that 
cigarette smoke exposure significantly increased the number of inflammatory cells in BALF (total cell count: F (1, 26) = 71.121, p < 0.001; number of neutrophils: F (1, 26) = 
124.265, p < 0.001); however, the main effect of diet was not significant (total cell count: F (1, 26) = 1.971, p = 0.17; number of neutrophils: F (1, 26) = 1.165, p = 0.29). Scale 
bar = 100 μm. 
Abbreviations: NYT, ninjin’yoeito; n.s., not significant.
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Figure 3 MLI and DI for the mice in each group. 
Notes: (A) Representative histological images of lung sections stained with hematoxylin-eosin from each group are shown at 200× magnification. (B) Two-way ANOVA for 
the MLI showed a significant effect of exposure (F (1, 26) = 5.369, p < 0.05); however, the main effect of diet was not significant (F (1, 26) = 0.255, p = 0.62). (C) Two-way 
ANOVA for the DI showed that the exposure–diet interaction was significant (F (1, 26) = 9.679, p < 0.01). Post-hoc test revealed that the exposure to cigarette smoke 
significantly increased the DI in the mice in the smoking group compared to the control group (p < 0.001), and the lung tissues from the smoking + NYT group showed 
a lower DI than that in the smoking group (p < 0.05). Scale bar = 100 μm. 
Abbreviations: MLI, mean linear intercept; DI, destructive index; NYT, ninjin’yoeito; n.s., not significant.
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same gel are shown in Figure 4B. The result showed a similar 
tendency as that of mRNA (exposure: F (1, 24) = 1.098, p = 
0.31; diet: F (1, 24) = 5.714, p = 0.025; exposure–diet 
interaction: F (1, 24) = 1.416, p = 0.25) (Figure 4C), which 
revealed upregulation of PGC-1α following NYT intake.

NYT Ameliorated the Loss of Muscle 
Mass in Lower Hindlimbs Induced by 
Cigarette Smoke
Representative reconstructed CT images of lower hindlimb 
muscles are shown in Figure 5A. The results of two-way 
ANOVA for VC were as follows: exposure: F (1, 26) = 4.105, 
p = 0.053; diet: F (1, 26) = 3.578, p = 0.070; exposure–diet 
interaction: F (1, 26) = 8.994, p = 0.0059 (Figure 5B). Post- 
hoc analysis was performed after detection of the significant 
interaction. Cigarette smoke significantly decreased muscle 
mass in the vehicle-fed groups (the control and smoking 
groups) (p = 0.0076). In contrast, no significant change was 
detected between the NYT-fed groups (the NYT and smoking 
+ NYT groups). In addition, NYT feeding ameliorated the 

loss of muscle volume in the smoking groups (the smoking 
and smoking + NYT groups) (p = 0.013).

Muscle Fiber Shift Toward Type II Fibers 
Was Suppressed by NYT
Representative immunofluorescence staining images of the 
soleus muscle from each group are shown in Figure 6A. 
Distribution analysis of soleus muscle fibers revealed 
a significant effect of diet (F (1, 26) = 4.664, p = 0.040) 
and an interaction between exposure and diet (F (1, 26) = 
4.873, p = 0.036), but did not show a significant effect of 
exposure (F (1, 26) = 1.946, p = 0.17) (Figure 6B). 
According to post-hoc tests, sMyHC-positive fibers 
increased significantly as a simple effect of the NYT diet 
in the cigarette smoke-exposed groups (the smoking and 
smoking + NYT groups) (p = 0.029), but no change was 
detected between the control and NYT groups. 
Furthermore, the reduction in sMyHC-positive fibers in 
the control compared to the smoking groups was close to 
significant (p = 0.076), suggesting that cigarette smoke 

Figure 4 PGC-1α expression in the muscle homogenate. 
Notes: (A) PGC-1α mRNA expression level normalized to 36B4. The expression in NYT-fed mice increased significantly (F (1, 26) = 13.834, p < 0.01). No significant 
difference was seen in exposure (F (1, 26) = 1.225, p = 0.28). (B) Representative images of the Western blot signals of PGC-1α and GAPDH from the same gel. (C) PGC-1α 
protein expression normalized to GAPDH and measured with densitometry. Two samples from the smoking + NYT group were excluded due to failure of protein 
extraction. Two-way ANOVA showed a significant main effect of diet (F (1, 24) = 5.714, p < 0.05). NYT treatment upregulated PGC-1α protein expression. 
Abbreviations: PGC-1α, peroxisome proliferator-activated receptor γ coactivator-1α; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; NYT, ninjin’yoeito; n.s., not 
significant.
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caused a muscle fiber shift toward type II fibers in smok-
ing model mice.

Discussion
Our present study provides three key findings. First, cigar-
ette smoke exposure results in reduced skeletal muscle 
volume and slow-twitch muscle fibers in addition to devel-
opment of pulmonary emphysema. Second, treatment with 
NYT increases PGC-1α expression in muscle tissue. Third, 
NYT ingestion suppresses smoke-induced loss of muscle 
mass and alteration in the distribution of muscle fibers, 
although NYT does not have a strong effect on ameliorat-
ing pulmonary emphysema.

We exposed the mice to cigarette smoke by using 
a well-characterized nose-only smoke exposure system. 
We began with BALF analysis and morphological analy-
sis of the lung to validate our mice as a COPD model. The 
cigarette smoke-exposed mice showed less weight gain, 
increased inflammatory cell infiltration in BALF, and 
development of emphysema characterized by alveolar 
enlargement and greater destruction of alveoli, similar to 
mice in a previous report.23,33,34 Our results showed 
a discrepancy regarding the effect of NYT on smoking- 
induced change in pulmonary morphology: NYT induced 
partial recovery of alveolar damage as indicated by the 

DI; however, NYT did not reduce air space enlargement 
as indicated by the MLI. Some reports showed that the DI 
is a more sensitive parameter of pulmonary destruction 
than the MLI,30,35 whereas others revealed a correlation 
between the MLI and loss of elastic recoil.36,37 

Considering this difference in morphological parameters 
assessed with the DI and MLI, our results suggest that 
NYT has some favorable effects on localized damage to 
the alveolar wall including epitheliums; however, NYT 
had no effects on other connective or supportive struc-
tures such as elastic fibers, although the specific effect of 
NYT on each type of cells remains to be confirmed. We 
finally concluded that NYT did not have sufficient effi-
cacy in suppressing pulmonary emphysema, because 
emphysema is defined as coexistence of destroyed alveo-
lar wall and air space enlargement.2 Skeletal muscles in 
COPD patients exhibit poor contractile performance, 
reduced endurance, low capacity for muscle aerobic meta-
bolism, and atrophy, resulting in exercise intolerance and 
limited physical activity.38 According to the International 
European Working Group on Sarcopenia in Older People 
(EWGSOP) criteria revised in 2018 (EWGSOP2), COPD 
patients with low muscle strength and low muscle quan-
tity or quality are susceptible to secondary 
sarcopenia.31,39 Additionally, EWGSOP2 newly defined 

Figure 5 Volumetric evaluation of lower hindlimb muscle. 
Notes: (A) Representative reconstructed CT images of the axial and sagittal plane of lower hindlimb muscles. The brick-colored areas represent the area for measurement. 
(B) VC: corrected muscle volume of the left lower hindlimb adjusted by the tibial length squared. Two-way ANOVA for VC showed that the exposure–diet interaction was 
significant (F (1, 26) = 8.994, p < 0.01). Post-hoc test revealed that the exposure to cigarette smoke significantly decreased VC in the mice from the smoking group compared 
to the control group (p < 0.01), and the left lower hindlimb from the smoking + NYT group showed a larger VC than that in the smoking group (p < 0.05). NYT feeding 
ameliorated cigarette smoke-induced muscle volume reduction. 
Abbreviation: NYT, ninjin’yoeito.
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Figure 6 Determination of myofiber type distribution in soleus muscle. 
Notes: (A) Representative images of double immunostaining for sMyHC-positive fibers (green) and the membrane marker dystrophin (red) in soleus muscle of mice from each group. 
(B) The type I fiber mass quantified as the ratio of the number of sMyHC-positive fibers to that of all myofibers. Two-way ANOVA showed that the exposure–diet interaction was 
significant (F (1, 26) = 4.873, p < 0.05). Post-hoc test revealed that NYT ingestion significantly increased the proportion of sMyHC-positive fibers in the mice in the smoking + NYT group 
compared to the smoking group (p < 0.05). The reduction in sMyHC-positive fibers in the control compared to the smoking groups was close to significant (p = 0.076). Scale bar = 100 μm. 
Abbreviations: sMyHC, slow-type myosin heavy chain; NYT, ninjin’yoeito.
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“severe” sarcopenia as poor physical performance, which 
predicts higher mortality. In contrast to primary 
sarcopenia,40 which occurs with only aging and no other 
specific cause, secondary sarcopenia with COPD includes 
a shift in the distribution of skeletal muscle fiber type 
from type I to type II fibers.16,17 Furthermore, patients 
with sarcopenia, which is defined by a low appendicular 
skeletal muscle mass index, show a decreased proportion 
and lower size of type I fibers than non-sarcopenic COPD 
patients.41 The muscular characteristics similar to those 
observed in human COPD patients as mentioned above 
have been reported in cigarette smoke-exposed rodent 
models. The muscle weight and oxidative fiber mass of 
the tibialis anterior are lower in male BALB/c mice 
exposed to cigarette smoke for 8 weeks.42 Another 
group reported that 16-week exposure of male Sprague- 
Dawley rats to cigarette smoke leads to less contractility 
of tibialis anterior muscles and a reduced cross-sectional 
area of gastrocnemius muscles, as well as emphysematous 
changes in the lung, elevated inflammatory factors in the 
serum, and ubiquitin protease induction in muscle 
tissue.43 Additionally, in the present study, we showed 
a reduction in muscle mass and sMyHC-positive fibers 
in the smoke-exposed mice. Considering these data, 
rodents exposed to cigarette smoke for several months 
represent a well-established model for sarcopenia with 
COPD.

Although the underlying pathophysiology of muscular 
impairment in COPD remains to be completely elucidated, 
some mechanisms have been described. For example, the 
loss of muscle endurance is explained by decreased oxida-
tive capacity of the muscle, reflecting pathological altera-
tions in mitochondrial function.44 A fiber-type shift toward 
type II is also associated with mitochondrial impairment in 
COPD, because type I fibers contain mitochondria at 
higher density.45 PGC-1α is a key regulating factor of 
mitochondrial biogenesis.18 PGC-1α has the ability to 
redirect fiber-type distribution in skeletal muscle to 
a more oxidative phenotype or a type I-rich phenotype.46 

Transgenic expression of PGC-1α in mice protects mice 
against muscle atrophy induced by denervation47 or hin-
dlimb unloading.48 Furthermore, PGC-1α expression is 
reduced in the quadriceps of COPD patients with low 
body mass indices and low fat-free mass indices.19

NYT is a Japanese herbal medicine used to facilitate 
recovery from diseases or postoperative fatigue and is 
indicated in patients with anemia or symptoms such as 
anorexia and fatigue.49 Because of its efficacy, NYT is 

often used in the elderly. According to a post-marketing 
surveillance study,50 NYT is well tolerated with an inci-
dence of adverse reactions in 3.1% of patients; only one 
patient experienced non-mild constipation causally related 
to the administration of NYT. The significant effectiveness 
of NYT in fatigue, malaise, and anorexia was revealed 
based on visual analog scale scores. In addition, NYT 
ameliorates skeletal muscle reduction and symptoms of 
frailty. NYT-fed melanoma tumor-bearing model mice 
show improved protein degradation in the quadriceps mus-
cle via recovery of myogenetic signals.25 NYT feeding 
restores the loss of gastrocnemius and soleus muscle 
volume in Klotho-deficient senescence-accelerated 
mice.26 A recent clinical trial revealed that that NYT 
improves symptoms and quality of life in COPD patients 
with frailty.51 Additionally, previous reports have revealed 
that some of the crude components of NYT, namely the 
fruit of Schisandra chinensis and roots of Panax ginseng, 
potently induce muscle energy metabolism. Schisandra 
fruit upregulates PGC-1α expression in the rat gastrocne-
mius and soleus muscles, extending the running endurance 
time and activating energy metabolism.27 Ginsenoside 
from ginseng activates adenosine monophosphate- 
activated protein kinase, which phosphorylates PGC-1α.28

Based on these data, upregulating PGC-1α is likely 
a potent strategy for attenuating the muscle complications 
in COPD, and NYT may improve muscular function via 
PGC-1α expression. Hence, we hypothesized that NYT 
ameliorated the loss of muscle volume and function in 
COPD mice via PGC-1α upregulation. The results in the 
present study support this hypothesis; that is, an NYT- 
containing diet facilitated the expression level of PGC-1α 
in lower hindlimb muscles and salvaged the reduction in 
muscle volume and the number of sMyHC-positive fibers 
induced by smoke exposure.

COPD is the third leading cause of death worldwide.52 

Muscle dysfunction is an important systemic conse-
quence of COPD because it has a large impact on mor-
tality in patients with this disease.53 Muscle dysfunction 
is also likely to induce a lower physical activity level, 
which is the factor that is most associated with COPD 
mortality.13 Moreover, a recent study using data from the 
Nationwide Inpatient Sample in the United States 
reported that COPD patients with a muscle loss pheno-
type show higher in-hospital mortality, longer length of 
stay, and greater healthcare cost when they are admitted 
for a COPD exacerbation.54 These data emphasize the 
importance of developing targeted interventions to 
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improve muscle dysfunction in COPD. Whether muscle 
dysfunction in COPD is a simple result of disuse due to 
physical inactivity or a disease-specific myopathy 
remains controversial.17 Skeletal muscle dysfunction in 
COPD has been considered to be the result of a sedentary 
lifestyle that is commonly observed in these patients.55 

Although disuse in COPD patients plays a significant role 
in inducing muscle dysfunction, at least to some extent, 
several observations argue against the perception that 
disuse is the only mechanism. One example is structural 
differences in muscle, including the proportion of the 
types of fibers in patients with COPD; COPD patients 
have a lower number of type I fibers compared with 
healthy subjects with comparable low physical 
activity.17,56 In this context, we showed in the present 
study that NYT improves “myopathic” muscle dysfunc-
tion in COPD. Exercise-based intervention is promising 
from the aspect of disuse, but it is challenging for COPD 
patients. In a randomized controlled trial, the effective-
ness of an exercise intervention to increase physical 
activity measured by daily steps in patients with COPD 
was significant in per-protocol analysis, whereas the effi-
cacy disappeared in intention-to-treatment analysis. The 
authors speculated that patients who are unwilling and 
self-reported non-adherent do not have efficacy for exer-
cise training.57 The reason why COPD patients have 
difficulty beginning or completing an exercise-based 
intervention is partially explained by symptoms and 
frailty.58 These studies suggest that medications that 
affect myopathy in COPD may remove patients from 
the vicious circle of inactivity and facilitate the efficacy 
of exercise by ameliorating symptoms or improving exer-
cise tolerance. Several interventions are oriented toward 
improving myopathic dysfunction in patients with COPD 
by supplementation with potential therapeutic substances 
such as nutrition support,59 growth hormone,60 and 
creatine.61 However, these strategies per se have a very 
limited beneficial effect, especially without concurrent 
physical exercise.62 On the other hand, our results suggest 
that NYT may improve muscle dysfunction even without 
interventional exercise.

Beyond the impact on muscle function, exercise-based 
intervention will improve COPD itself. We previously 
reported that irisin, a myokine mainly released by skeletal 
muscles in response to exercise via stimulation of PGC-1α, 
suppresses features of COPD in vitro and in vivo. We 
showed that irisin significantly reduces apoptosis induced 
by cigarette smoke extract in A549 cells.22 We also found 

that treadmill exercise suppresses cigarette smoke-induced 
alveolar enlargement and destruction in COPD model mice 
via the irisin-accelerated antioxidative pathway.23 Other 
groups have also reported the effect of exercise on sup-
pressing COPD and have focused on different mechanisms 
other than irisin.63,64 NYT may be considered an ergo-
genic medicine to enhance these favorable effects of 
exercise.

This study has some limitations. First, we did not 
measure plasma levels of metabolites of NYT in the 
mice. Therefore, we could not examine the bioavailability 
of NYT or the dose-response of NYT. Second, whether the 
NYT dose used in this study is relevant in humans is 
unclear. The concentration of NYT (3% w/w) in the diet 
was taken from a previous study.26 Further research is 
needed to clarify the optimal effective concentration of 
NYT. Third, we did not examine how cigarette smoke 
affects muscle volume loss other than via PGC-1α. From 
the results showing a significant simple main effect of 
smoke exposure on decreasing muscle volume, other 
mechanisms are assumed, although no significant main 
effect of smoke on decreased PGC-1α expression was 
seen. Nevertheless, we confirmed that NYT suppressed 
muscle complications in COPD model mice regardless of 
the direction of the causal relationship between the muscle 
condition and PGC-1α expression.

In summary, NYT improved muscular complications in 
COPD model mice in the present study. NYT may play 
a role as a complementary medicine, especially in combi-
nation with physical exercise, in treating muscle dysfunc-
tion in COPD and further by ameliorating pulmonary 
damage caused by smoking.

Conclusion
COPD is associated with muscular complications, which 
lead to less physical activity and increased mortality. NYT 
increases PGC-1α expression in the muscle of COPD 
model mice and is involved in suppressing cigarette 
smoke-induced muscle volume loss and slow-twitch oxi-
dative fiber reduction. NYT ingestion may be a novel 
prophylactic and therapeutic strategy for muscular compli-
cations in COPD.

Abbreviations
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