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Korean Red Ginseng suppresses emphysematous lesions induced by 
cigarette smoke condensate through inhibition of macrophage-driven 
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A B S T R A C T   

Background: Cigarette smoke is generally accepted as a major contributor to chronic obstructive pulmonary 
disease (COPD), which is characterized by emphysematous lesions. In this study, we investigated the protective 
effects of Korean Red Ginseng (KRG) against cigarette smoke condensate (CSC)-induced emphysema. 
Methods: Mice were instilled with 50 mg/kg of CSC intranasally once a week for 4 weeks, KRG was administered 
to the mice once daily for 4 weeks at doses of 100 or 300 mg/kg, and dexamethasone (DEX, positive control) was 
administered to the mice once daily for 2 weeks at 3 mg/kg. 
Results: KRG markedly decreased the macrophage population in bronchoalveolar lavage fluid and reduced 
emphysematous lesions in the lung tissues. KRG suppressed CSC-induced apoptosis as revealed by terminal 
deoxynucleotidyl transferase deoxyuridine triphosphate nick-end labeling staining and Caspase 3 immunohis-
tochemistry. Additionally, KRG effectively inhibited CSC-mediated activation of Bcl-2-associated X protein/ 
Caspase 3 signaling, followed by the induction of cell survival signaling, including vascular endothelial growth 
factor/phosphoinositide 3-kinase/protein kinase B in vivo and in vitro. The DEX group also showed similar 
improved results in vivo and in vitro. 
Conclusion: Taken together, KRG effectively inhibits macrophage-mediated emphysema induced by CSC expo-
sure, possibly via the suppression of pro-apoptotic signaling, which results in cell survival pathway activation. 
These findings suggest that KRG has therapeutic potential for the prevention of emphysema in COPD patients.   

1. Introduction 

Chronic obstructive pulmonary disease (COPD) was the third leading 
cause of death worldwide in 2016 [1]. The incidence of COPD is ex-
pected to increase in the future owing to exposure to risk factors for 
COPD, especially cigarette smoke (CS) [2,3]. Although the symptoms of 
COPD are varied and complex, emphysema is a characteristic phenotype 
of this disease [4]. According to recent studies, inflammation, oxidative 
stress, protease-antiprotease imbalance, and alveolar apoptosis are the 
four major mechanisms of emphysema that have been established or 
proposed [5,6]. In these pathogeneses, macrophages are known to play 
important roles in the clearance of exogenous particles and activation of 
signal molecules related to the onset of emphysema. Clinical studies 
have shown that the number of macrophages in the respiratory system is 
increased in patients with COPD, and that the number of macrophages is 

closely related to the severity of emphysema [7,8]. Therefore, control-
ling the macrophage population in the airway is regarded as a thera-
peutic goal for reducing emphysema in COPD induced by CS exposure. 

Korean Red Ginseng (KRG, Panax ginseng Meyer), one of most widely 
used medicinal herbs, has been reported to exert various pharmaco-
logical effects in both in vivo and in vitro experiments, including 
immune-enhancing, anti-inflammation, anti-oxidation, and anti-cancer 
effects [9–11]. Several studies have reported that KRG and its main 
components exert protective effects against pulmonary diseases, 
including acute lung injury, asthma, and COPD [12–14]. In particular, 
KRG reduces apoptosis in lung cancer and ginsenoside, one of its main 
active ingredients, attenuates CS-induced epithelial-mesenchymal 
transition in COPD rats [15,16]. Furthermore, Shergis et al reported that 
ginsenosides inhibit kinase phosphorylation including MAPK and 
ERK1/2, NF-κB transcription factor induction/translocation and 
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decrease pro-inflammatory mediators, TNF-α, IL-6, IL-8, ROS, protease 
to protect from oxidative stress of COPD [14]. Based on this evidence, 
we hypothesized that KRG could suppress alveolar emphysema induced 
by cigarette smoke condensate (CSC) through the inhibition of apoptotic 
signaling. 

Thus, we investigated the effects of KRG on CSC-induced emphysema 
by measuring the macrophage population and performing a histological 
analysis. Additionally, we assessed the effects of KRG on apoptotic 
protein expression and cell survival signaling to elucidate the mecha-
nisms underlying emphysema progression. 

2. Materials and methods 

2.1. Contents of ginsenoside in KRG 

KRG was obtained from the Korea Ginseng Corporation (Daejeon, 
Republic of Korea), and quality control was performed by confirming the 
major ginsenoside components, Rb1, Rb2, Rd, Rg1 and Rg3, using high- 
performance liquid chromatography-ultraviolet, according to our pre-
vious study [13]. The Rb1, Rb2, Rd, Rg1, and Rg3 contents in KRG were 
approximately 6.7, 2.1, 1.0, 1.6, and 1.5 mg/g, respectively (Fig. S1). 

2.2. In vivo experiments 

2.2.1. Animals and environmental conditions 
Specific pathogen-free male C57BL/6N mice (6 weeks old, 20–25 g) 

were purchased from Orient Bio Co. (Seongnam, Republic of Korea) and 
quarantined and acclimated for one week before the experiments. All 
mice were housed under controlled standard conditions (temperature, 
23 ± 3◦C; humidity, 50 ± 10%; 12 h light/dark cycles; 13–18 air 
changes/h) with water and commercial rodent chow (Samyang Feed, 
Wonju, Republic of Korea) provided ad libitum. All experiments were 
approved by the Institutional Animal Care and Use Committee of 
Chungnam National University and performed in compliance with the 
Guidelines for Animal Experiments of Chungnam National University 
(Approval no.202206A-CNU-121; June 29, 2022). 

2.2.2. Experimental groups and emphysema mouse model 
The animal studies used two different designs. For dose-dependency 

study, twenty-four healthy male mice were randomly allocated into four 
groups as follows: (1) NC (normal control, vehicle intranasal instillation 
+ vehicle perorally (p.o.)) group; (2) CSC (CSC intranasal instillation, 50 
mg/kg/week + vehicle p.o.) group; (3), (4) CSC + KRG 100 and CSC +
KRG 300 (CSC intranasal instillation, 50 mg/kg/week + KRG p.o., 100 
or 300 mg/kg/day, respectively) groups (n = 6 per group). 

For comparative studies with drugs, twenty-four healthy male mice 
were randomly allocated into four groups as follows: (1) NC (vehicle 
intranasal instillation + vehicle perorally (p.o.) group; (2) CSC (CSC 
intranasal instillation, 50 mg/kg/week + vehicle p.o.) group; (3) DEX 
(CSC intranasal instillation, 50 mg/kg/week + DEX (dexamethasone) p. 
o., 3 mg/kg/day) (4) CSC + KRG 300 (CSC intranasal instillation, 50 
mg/kg/week + KRG p.o., 300 mg/kg/day) groups (n = 6 per group). To 
randomize between groups, all mice were weighed and the groups were 
distributed so that the average mouse weight in each group was the 
same. 

The CSC was obtained from the Korea Institute of Toxicology 
(Jeongeup, Republic of Korea). Under anesthesia, the mice were 
administered CSC 50 mg/kg intranasally once a week for 4 weeks. KRG 
and DEX were dissolved in phosphate-buffered saline (PBS) and 
administered to the mice once daily via oral gavage for 4 weeks or 2 
weeks, respectively. The effective KRG dose, respiratory toxic CSC dose, 
and end time point after CSC administration were selected based on the 
results of our preliminary study and a previous study [17]. The ginse-
noside contents in the KRG was determined by HPLC analysis and the 5 
uL of KRG was injected into the HPLC for column separation. Based on 
the sum of major ginsenoside contents we found which was less than 

total 10 mg/g, we set the dose range for the animal experiment to 100 
and 300 mg/kg. In toxicity study, oral dose of 2000 mg/kg/day was no 
observed adverse effect level (NOAEL) in SD rats for 13 weeks [18]. 
Considering these points, doses of 100 and 300 mg/kg/day used in this 
study are considered reasonable doses to test. 

2.2.3. Macrophage count in bronchoalveolar lavage fluid (BALF) 
To obtain BALF from mice, the mice were sacrificed by carbon di-

oxide inhalation 24 h after the last CSC exposure. Tracheostomy and 
BALF sampling were performed according to previously published 
methods [19]. Macrophage counts in BALF were determined using 
Diff-Quik® staining reagent (Sysmex Corporation, Kobe, Japan). 

2.2.4. Histopathological examination 
A portion of the formalin-fixed lung was processed, embedded in 

paraffin, and sectioned into 4 μm-thick sections. Sections were depar-
affinized and rehydrated using standard techniques and then stained 
with Harris’ hematoxylin and eosin (TissuePro Technology, Gainesville, 
FL, USA) for microscopic examination (Leica DM LB2; Leica, Wetzlar, 
Germany). To evaluate emphysematous lesions, fields of view were 
randomly selected and manually observed using a light microscope with 
10 × and 20 × objective lenses and a 100 × oil immersion lens. The 
mean linear intercept length (MLI) was calculated manually according 
to previous study [20]. 

2.2.5. Terminal deoxynucleotidyl transferase deoxyuridine triphosphate 
nick end labeling TUNEL) and immunohistochemistry (IHC) for the 
evaluation of Caspase 3 expression 

Apoptosis was detected in the lung tissue using a TUNEL assay kit 
(ApopTag® Peroxidase In Situ Apoptosis Detection Kit; Millipore Cor-
poration, Billerica, MA, USA), according to the manufacturer’s in-
structions. Apoptotic changes were visualized with 3,3- 
diaminobenzidine (DAB) chromogen and counterstained with Harris 
hematoxylin before mounting. 

Caspase 3 expression was visualized using an IHC kit (Abcam, 
Cambridge, UK) following the manufacturer’s protocol. Anti-Caspase 3 
antibody (1:200 dilution; Cell Signaling Technology, Danvers, MA, USA) 
and goat anti-rabbit immunoglobulin G were used as the primary and 
secondary antibodies, respectively. The DAB chromogen was counter-
stained with Harris hematoxylin. Each slide was examined in a blinded 
manner under a light microscope (Leica). Ten random non-overlapping 
fields per slide were acquired, and quantitative image analysis was 
performed using an image analyzer (IMT i-Solution software, Houston, 
TX, USA). 

2.2.6. Immunoblotting 
The frozen lung tissue was homogenized (1:9, w/v) with a tissue 

lysis/extraction reagent (Sigma-Aldrich, St. Louis, MO, USA) containing 
a protease/phosphatase inhibitor cocktail (Sigma-Aldrich) and was 
centrifuged at 12,000 × g for 10 min at 4◦C to isolate the cellular pro-
teins in the supernatant. To investigate the protein expression levels 
related to apoptotic changes, we performed western blotting according 
to a previous study [21]. The following primary antibodies and dilutions 
were used: total phosphatidylinositol 3-kinase (PI3K; 1:1000 dilution; 
Abcam), phospho (p)-PI3K (1:1000 dilution; Abcam), total protein ki-
nase B (AKT; 1:1000 dilution; Abcam), p-AKT (1:1000 dilution; Abcam), 
B-cell lymphoma 2 (Bcl-2; 1:1000 dilution; Abcam), Bcl-2-associated X 
protein (Bax; 1:1000 dilution; Abcam), β-actin (1:2000 dilution; 
Abcam), vascular endothelial growth factor (VEGF; 1:1000 dilution; 
Novus Biologicals, Littleton, CO, USA), and cleaved Caspase 3 (1:1000 
dilution; Cell Signaling Technology). Relative protein expression levels 
were determined using Chemi-Doc (Bio-Rad Laboratories, Hercules, CA, 
USA). 
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2.3. In vitro experiments 

2.3.1. Cell culture and cell viability 
The human airway epithelial cell line NCI–H292 was maintained in 

RPMI 1640 supplemented with 10% fetal bovine serum and penicillin/ 
streptomycin at 37◦C in a 5% CO2 incubator with 95% air. Cell viability 
in response to CSC and KRG was measured using an EZ-Cytox cell 
viability assay kit (DoGenBio Co., Ltd., Seoul, Republic of Korea). 
Briefly, NCI–H292 cells were cultured in 96-well plates at a density of 
2.5 × 104 cells/well for 24 h. The cells were subsequently treated with 
various concentrations of CSC and KRG. After culturing for 24 h, 10 μL of 
the kit solution was added to each well and incubated for 2 h at 37◦C and 
5% CO2. Cell viability was determined by measuring absorbance at 450 
nm using an enzyme-linked immunosorbent assay reader (Bio-Rad 
Laboratories). Cell viability was determined relative to that of the un-
treated control cells. 

2.3.2. Evaluation of mRNA expression levels 
Total RNA was isolated using the SmartGene Total RNA Extraction 

Kit (SJ Bioscience, Daejeon, Republic of Korea), according to the man-
ufacturer’s protocol. First-strand cDNA was synthesized using 1 μg of 
total RNA and the Compact cDNA Synthesis Kit (SJ Bioscience). SYBR 
Green-based quantitative polymerase chain reaction (PCR) amplifica-
tion was performed using the CFX™ Connect Real-Time System (Bio- 
Rad Laboratories) and SYBR Green Q-PCR Master Mix with Low Rox (SJ 
Bioscience) with first-strand cDNA diluted 1:20 and 10 pmol of each 
primer, according to the manufacturer’s protocols. The following 
primers were used to amplify human-specific genes: interleukin (IL)-1β 
forward, 5-AGC CAG GAC AGT CAG CTC TC-3 and reverse, 5-ACT TCT 
TGC CCC CTT TGA AT-3; IL-6 forward, 5-ATG CAA TAA CCA CCC CTG 
AC-3, and reverse, 5-ATC TGA GGT GCC CAT GCT AC-3; tumor necrosis 
factor (TNF)-α forward, 5-CAA AGT AGA CCT GCC CAG AC-3 and 
reverse, 5-GAC CTC TCT CTA ATC AGC CC-3; and glyceraldehyde 3- 
phosphate dehydrogenase (GAPDH) forward, 5-GAT TTG GTC GTA 
TTG GGC GC-3 and reverse, 5-AGT GAT GGC ATG GAC TGT GG-3. The 
relative quantities of the targets were normalized to that of the endog-
enous GAPDH control and expressed as 2–ΔΔCt (fold), where ΔCt = Ct of 
the target gene – Ct of the endogenous control gene andΔΔCt = ΔCt of 
the target gene samples – ΔCt of the calibrator for the target gene. 

2.3.3. Immunoblotting 
The cells were treated with various concentrations of KRG (160, 320, 

and 640 μg/mL), montelukast sodium (MON, 10μM; Merck & Co., NJ) 
and DEX (1μM; Sigma, MO) followed by incubation with CSC (100 μg/ 
mL) for the indicated times. The cells were collected by washing twice 
with PBS and resuspended in RIPA buffer (Sigma–Aldrich) containing a 
protease/phosphatase inhibitor cocktail (Sigma–Aldrich). Immunoblot-
ting was performed as previously described [21]. The primary anti-
bodies used were as follows: total PI3K (1:1000 dilution; Abcam), p-PI3K 
(1:1000 dilution; Abcam), total AKT (1:1000 dilution; Abcam), p-AKT 
(1:1000 dilution; Abcam), Bax (1:1000 dilution; Abcam), β-actin 
(1:2000 dilution; Abcam), VEGF (1:1000 dilution; Novus Biologicals), 
and cleaved Caspase 3 (1:1000 dilution; Cell Signaling Technology). 
Relative protein expression was determined using Chemi-Doc (Bio-Rad 
Laboratories). 

2.4. Statistical analyses 

The results are expressed as the mean ± standard deviation, and all 
statistical comparisons were determined via one-way analysis of vari-
ance followed by the post-hoc Tukey’s honestly significant difference 
test. Statistical significance between the treatment groups and NC group 
was determined using GraphPad InStat v. 3.0 (GraphPad Software, Inc., 
La Jolla, CA, USA). Statistical significance was set at a p-value less than 
0.05. 

3. Results 

3.1. In vivo experiments 

3.1.1. Effects of KRG on macrophage counts in BALF 
To evaluate the preventive effects of KRG on the alveolar macro-

phage population in BALF, Diff-Quik® staining was performed. As 
shown in Fig. 1A, the CSC group had a significantly higher macrophage 
count in BALF compared with the NC group. In contrast, the KRG (100 
and 300 mg/kg)-treated groups showed a marked dose-dependent 
reduction in the macrophage population in the BALF compared with 
the CSC group. The macrophage cell counts of the DEX group was 
significantly decreased than that of the OVA group. 

3.1.2. Effect of KRG on emphysematous lesions in CSC-exposed animals 
As shown in Fig. 1B, the lung tissue of CSC-exposed animals showed 

significant emphysematous lesions represented by enlarged air spaces 
compared with the NC group. However, similar to the DEX group, the 
emphysematous lesions caused by CSC exposure were attenuated in KRG 
(100 and 300 mg/kg)-treated animals which revealed by results of MLI. 

3.1.3. Effects of KRG on CSC-induced apoptotic changes 
To determine whether KRG elicits CSC-induced apoptotic changes, 

we evaluated apoptosis by TUNEL and Caspase 3 expression levels via 
IHC. The number of TUNEL-positive cells in the alveoli was higher in the 
CSC group than that in the NC group (Fig. 2A). In contrast, compared 
with the CSC group, KRG (100 and 300 mg/kg)-treated groups showed 
fewer TUNEL-positive cells in a dose-dependent manner. Similarly, 
compared with the CSC group, the number of Caspase 3-positive cells 
induced by CSC treatment was reduced in the KRG (100 and 300 mg/ 
kg)-treated groups in a dose-dependent manner (Fig. 2B). These histo-
logical changes in the lung were similar to that found in the DEX group. 

3.1.4. Effects of KRG on the expression of apoptotic pathway proteins 
As shown in Fig. 3A and B, CSC treatment significantly increased Bax 

expression compared to that in the NC group. In contrast, enhanced Bax 
expression was markedly suppressed by KRG treatment (100 and 300 
mg/kg). Similar results were observed for Caspase 3 expression. The 
expression levels of Caspase 3 were higher in the CSC group than the NC 
group, whereas the KRG (100 and 300 mg/kg) groups had significantly 
reduced Caspase 3 expression levels compared with the CSC group. 
Regarding the expression levels of Bcl-2, the CSC group showed mark-
edly decreased levels compared with the NC group, while the KRG (100 
and 300 mg/kg) groups showed significantly increased levels compared 
with the CSC group. The protective effects of KRG against CSC showed a 
dose-response relationship for all proteins related to apoptosis. 

3.1.5. Effects of KRG on the expression of cell survival pathway proteins 
VEGF expression was significantly higher in the CSC group than that 

in the NC group (Fig. 3C and D). In contrast, KRG treatment markedly 
suppressed the upregulation of VEGF expression in a dose-dependent 
manner. Moreover, PI3K/AKT phosphorylation was consistent with 
the VEGF expression pattern. The CSC group had a significantly higher 
level of PI3K/AKT phosphorylation than the NC group; on the other 
hand, the KRG (100 and 300 mg/kg) groups had a significantly lower 
level of phosphorylation compared with the CSC group. The effect of 
KRG on proteins in the cell survival pathway was dose-dependent, and 
all protein expression levels were statistically significant (p < 0.01) in 
the CSC + KRG 300 group. 

3.2. In vitro experiments 

3.2.1. Effect of KRG on cell viability and mRNA expression of 
proinflammatory cytokines in CSC-stimulated H292 cells 

CSC and KRG were found to have no cytotoxic effect on H292 cells at 
concentrations of up to 100 and 640 μg/mL, respectively (Fig. 4A and B). 
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Fig. 1. Korean Red Ginseng (KRG) reduces the elevated (A) macrophage cell counts in bronchoalveolar lavage fluids (BALF) and alleviated the (B) emphysematous 
lesions in lung tissues. NC; mice instilled with vehicle + vehicle p.o., CSC; mice instilled with cigarette smoke condensate (CSC) + vehicle p.o., CSC + DEX; mice 
instilled with CSC + DEX 3 mg/kg/day p.o., CSC + KRG100 and CSC + KRG300; mice instilled with CSC + KRG 100 or 300mg/kg/day p.o., respectively. Values: 
means ± standard deviation (n = 6). Significance: ##p < 0.01 vs NC; *, **p < 0.05 and 0.01 vs CSC, respectively. 
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Therefore, KRG levels of up to 640 μg/mL were used for subsequent 
experiments. The CSC-stimulated cells exhibited a significant increase in 
the mRNA expression levels of IL-1β, IL-6, and TNF-α compared to the 
untreated cells. However, the CSC-induced mRNA expression levels of 
proinflammatory cytokines were significantly reduced by KRG 

treatment in a concentration-dependent manner. Also, the positive 
controls, MON and DEX, significantly reduced the mRNA levels of 
proinflammatory cytokines (Fig. 4C–E). 

Fig. 2. Korean Red Ginseng (KRG) reduces the elevated (A) Caspase 3 positivity revealed by immunohistochemistry and (B) TUNEL positivity in lung tissues from 
mice. NC; mice instilled with vehicle + vehicle p.o., CSC; mice instilled with cigarette smoke condensate (CSC) + vehicle p.o., CSC + DEX; mice instilled with CSC +
DEX 3 mg/kg/day p.o., CSC + KRG100 and CSC + KRG300; mice instilled with CSC + KRG 100 or 300mg/kg/day p.o., respectively. 
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3.2.2. Effects of KRG on the protein expression levels of apoptotic pathway 
in CSC-stimulated H292 cells 

CSC treatment increased Bax expression compared to that in the 
untreated cells. However, KRG treatment decreased CSC-induced upre-
gulation of Bax expression in a concentration-dependent manner 
(Fig. 5). Similarly, the CSC-stimulated cells exhibited significantly 
elevated Caspase 3 expression compared to untreated cells, while the 
KRG-treated cells showed a noticeable decrease in Caspase 3 expression 
compared to CSC-stimulated cells. In addition, the positive controls 
significantly reduced apoptotic protein expression level. 

3.2.3. Effects of KRG on the expression levels of cell survival pathway genes 
in CSC-stimulated H292 cells 

CSC-stimulated cells showed increased VEGF expression compared 
to untreated cells. However, KRG-treated cells exhibited a decrease in 
VEGF expression levels compared to CSC-stimulated cells in a 
concentration-dependent manner (Fig. 6). Phosphorylation of PI3K/AKT 
showed similar results to those observed for VEGF expression. The CSC- 
stimulated cells exhibited a marked elevation in the phosphorylation of 
PI3K/AKT compared to untreated cells, whereas the KRG-treated cells 
exhibited a marked decline in PI3K/AKT phosphorylation compared to 
CSC-stimulated cells. Also, the MON and DEX notably reduced VEGF and 
the phosphorylation of PI3K/AKT expression level. 

4. Discussion 

CS is a major cause of COPD, which is characterized by emphyse-
matous lesions, defined as alveolar destruction and enlargement [22]. 
Macrophages play a crucial role in the complex pathogenesis of 
emphysema, especially when airborne hazardous substances, such as CS, 
are involved [5,6]. To confirm the role of macrophages in emphysema 
progression more clearly, unlike previous studies, we conducted ex-
periments using CSC, which reflects the particulate phase more than CS. 
Additionally, we studied the preventive effect of KRG on emphysema-
tous changes in a CSC-induced COPD mouse model and in 

CSC-stimulated H292 cells. KRG significantly reduced the macrophage 
population in BALF and emphysematous lesions induced by CSC instil-
lation. In addition, KRG decreased apoptotic changes in CSC-treated 
lung tissue and related pro-apoptotic proteins, including Bax and Cas-
pase 3, which resulted in the compensatory elevation of cell survival 
signaling, such as the VEGF/PI3K/AKT pathways. 

Macrophages play critical roles in the development of COPD 
[23–25]. Pulmonary macrophages are primary innate immune cells that 
distinguish, swallow, and destroy inhaled particles, including CS and 
particulate matter, which are the major environmental factors for COPD 
[26]. In various clinical studies, a large number of macrophages were 
detected in the BALF, lung, and sputum samples of COPD patients, and 
the number of macrophages in the parenchyma was quantitatively 
correlated with the severity of emphysema [8,27,28]. In particular, 
Finkelstein et al [29] showed an increase in the number of macrophages 
located at the alveolar wall rupture/emphysema site. These studies 
demonstrate the potential role of macrophages in the development of 
emphysema. In this study, KRG treatment markedly reduced the 
CSC-induced macrophage population in BALF in a dose-dependent 
manner. The reduction in macrophage count was consistent with the 
attenuation of emphysematous lesions in lung tissues after CSC instil-
lation with KRG. The symptoms of emphysema, which are proportional 
to the number of macrophages, suggest that macrophages play an 
important role in emphysema pathogenesis. Our results also indicate 
that the ameliorative effect of KRG against emphysema stems from its 
ability to reduce the macrophage population. 

Among the established and proposed mechanisms of the pathogen-
esis of emphysema, which is a key phenotype of COPD, alveolar 
apoptosis is a primary contributor to the development of emphysema [6, 
22,30]. Macrophages are one of the main sources of endogenous reactive 
oxygen species (ROS) due to the phagocytosis of inhaled particles [30]. 
Although the ROS may act directly in pathogen killing, they may also be 
involved as secondary signaling messengers that induce apoptosis [6]. 
Apoptosis is a programmed cell death that involves the mitochondrial 
pathway [31]. It is regulated by the Bcl-2 family of proteins and is 

Fig. 3. Korean Red Ginseng (KRG) reduces the (A) expression of Bcl-2-associated X protein (Bax) and Caspase 3, and induced the expression of B-cell lymphoma 2 
(Bcl-2), and (C) expression of vascular endothelial growth factor (VEGF) and phosphorylation of phosphatidylinositol 3-kinase (PI3K) and protein kinase B (AKT) in 
lung tissues, of which (B), (D) densitometric values were determined using Chemi-Doc. NC; mice instilled with vehicle + vehicle p.o., CSC; mice instilled with 
cigarette smoke condensate (CSC) + vehicle p.o., CSC + DEX; mice instilled with CSC + DEX 3 mg/kg/day p.o., CSC + KRG100 and CSC + KRG300; mice instilled 
with CSC + KRG 100 or 300mg/kg/day p.o., respectively. Values: means ± standard deviation (n = 6). Significance: ##p < 0.01 vs NC; **p < 0.01 vs CSC. 
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classified into anti-apoptotic proteins, such as Bcl-2, and pro-apoptotic 
proteins, such as Bax. A reduction in the Bcl-2/Bax ratio has been 
shown to induce apoptotic cell death by activating the 
mitochondrial-dependent Caspase cascade [32]. Many studies have re-
ported an increase in apoptosis during the pathogenesis of emphysema 
[33,34]. According to several studies, the Bax/Bcl-2 ratio is closely 
related to the apoptotic mechanism that induces emphysema [35] and 
Morissette et al [36] reported that the Bax/Bcl ratio was increased in 
human emphysema. In particular, Zhou et al [37] reported CS-induced 
emphysema in rats, although the varied Bax and Bcl-2 expression 
values resulted in apoptosis. In the present study, KRG attenuated the 
Bax/Bcl-2/Caspase 3 apoptotic signaling induced by CSC treatment, 
which resulted in emphysema. The effects of KRG were confirmed by 
TUNEL staining and IHC for Caspase 3. Our results indicate that KRG 
effectively reduced CSC-induced apoptosis and emphysematous lesions 
through Bax/Bcl-2/Caspase 3 signaling. 

In the present study, KRG significantly reduced CSC-induced VEGF 
expression followed by PI3K/AKT phosphorylation. VEGF, an important 
angiogenic growth factor, contributes to nonspecific airway hyper- 
responsiveness and enhances airway smooth muscle cell proliferation 
[38]. Numerous studies have demonstrated that the PI3K/AKT pathway 
is a major downstream pathway of VEGF [39–41]. According to Golpon 
et al [42], apoptosis induces the expression of growth and survival 
factors, especially VEGF. Furthermore, higher VEGF expression has been 
found in the lungs of COPD patients in clinical trials [43]. In particular, 

Tsurutani et al [44] found that tobacco components stimulated 
AKT-dependent proliferation or survival in lung cancer cells. Based on 
previous studies and our results, CSC-induced apoptosis induces cell 
survival pathways such as VEGF/PI3K/AKT signaling, while KRG re-
duces CSC-induced apoptosis, which leads to a decrease in the upregu-
lation of cell survival pathways. However, because several studies have 
reported that the activation of VEGF/PI3K/AKT signaling inhibits 
apoptotic changes, further time-course studies or specific protein 
silencing studies are needed to explain the clear correlation between 
apoptosis and VEGF/PI3K/AKT signaling [40,45]. 

The protective effects of KRG are connected to its ginsenosides, 
including Rb1, Rg1, and Rg3 [46]. Rb1 attenuates pulmonary inflam-
matory cytokine release and lung tissue injury [47]. Rg1 ameliorates the 
CS-induced lung epithelial-mesenchymal transition and Rg3 signifi-
cantly reduces pulmonary fibrosis [15,48]. These results strongly sup-
port the protective effects of KRG against pulmonary disease. 

Overall, KRG significantly alleviated the emphysematous lesions 
induced by CSC administration. The protective effects of KRG are closely 
related to the reduced macrophage population, as well as down-
regulation of the apoptotic and cell survival pathways. Our results 
suggest that KRG could be a potential curative agent for the alleviation 
of emphysema in COPD patients. 

Fig. 4. The doses of (A) cigarette smoke condensate (CSC) and (B) Korean Red Ginseng (KRG) used in the experiments were determined according to the results of 
cell viability test on NCI–H292 cells. KRG reduces the elevated levels of (C) interleukin (IL)-1β, (D) IL-6, and (E) tumor necrosis factor (TNF)-α in the CSC-stimulated 
cells. NC; non-treated cells, CSC; stimulation of CSC, MON; stimulation of CSC + treatment of Montelukast sodium 10μM, DEX; stimulation of CSC + treatment of 
Dexamethasone 1μM, KRG; treatment of 640 μg/mL of KRG; KRG160, 320, and 640; stimulation of CSC + treatment of 160, 320, and 640 μg/mL of KRG. Values: 
means ± standard deviation (n = 3). Significance: ##p < 0.01 vs NC; *, **p < 0.05 and 0.01 vs CSC, respectively. 
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Fig. 5. Korean Red Ginseng (KRG) reduces the elevated expression of (A), (C) Bcl-2-associated X protein (Bax) and Caspase 3 in the CSC-stimulated cells. (B), (D) The 
densitometric values were determined using Chemi-Doc. NC; non-treated cells, CSC; stimulation of CSC, MON; stimulation of CSC + treatment of Montelukast sodium 
10μM, DEX; stimulation of CSC + treatment of Dexamethasone 1μM, KRG; treatment of 640 μg/mL of KRG; KRG160, 320, and 640; stimulation of CSC + treatment of 
160, 320, and 640 μg/mL of KRG. Values: means ± standard deviation (n = 3). Significance: ##p < 0.01 vs NC; *, **p < 0.05 and 0.01 vs CSC, respectively. 

Fig. 6. Korean Red Ginseng (KRG) reduces the elevated expression of (A), (C) vascular endothelial growth factor (VEGF), and phosphorylation of phosphatidyli-
nositol 3-kinase (PI3K) and protein kinase B (AKT) in the CSC-stimulated cells. (B), (D) The densitometric values were determined using Chemi-Doc.NC; non-treated 
cells, CSC; stimulation of CSC, MON; stimulation of CSC + treatment of Montelukast sodium 10μM, DEX; stimulation of CSC + treatment of Dexamethasone 1μM, 
KRG; treatment of 640 μg/mL of KRG; KRG160, 320, and 640; stimulation of CSC + treatment of 160, 320, and 640 μg/mL of KRG. Values: means ± standard 
deviation (n = 3). Significance: ##p < 0.01 vs NC; *, **p < 0.05 and 0.01 vs CSC, respectively. 
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