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Introduction

Electronic cigarette (e-cigarette) have been widely used 
since the 2000s as a method of inhaling vapor made by heat-

ing the e-cigarette liquid unlike conventional cigarette. Initial-
ly e-cigarette is considered less harmful than conventional 
cigarette due to fewer harmful substances such as ash and tar, 
and has been used as an alternative to quit smoking. But, the 
harmful effects of e-cigarette in health and respiratory system 
have been continuously revealed.1,2) E-cigarette is known to 
damage respiratory immunity and defense mechanisms, mak-

Korean Red Ginseng and Saponin Regulate the Cytokine 
and Mucin 5AC/5B Induced by Electronic Cigarette  
in Respiratory Epithelial Cell
Sang Jae Lee1 , Hyung Gyun Na1 , Yoon Seok Choi1 , Si-Youn Song1 , and Yong-Dae Kim1,2 

1Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine, Yeungnam University, Daegu; and 
2Regional Center for Respiratory Diseases, Yeungnam University Medical Center, Daegu, Korea

홍삼과 사포닌의 호흡기 상피세포에서 전자담배에 의해 유발된 사이토카인과 점소 5AC/5B의 조절

이상재1 ·나형균1 ·최윤석1 ·송시연1 ·김용대1,2

1영남대학교 의과대학 이비인후-두경부외과학교실, 2영남대학교병원 권역 호흡기 전문질환센터

Received	 November 28, 2023
Revised	 December 26, 2023
Accepted	 December 28, 2023
Address for correspondence
Yong-Dae Kim, MD, PhD
Department of Otorhinolaryngology-
Head and Neck Surgery, 
College of Medicine, 
Yeungnam University, 
170 Hyeonchung-ro, Nam-gu, 
Daegu 42415, Korea
Tel	 +82-53-620-3781
Fax	 +82-53-628-7884
E-mail	 ydkim@med.yu.ac.kr

Background and Objectives   Electronic cigarette (e-cigarette) is a device that generate va-
por by heating e-cigarettes liquid. E-cigarette damages the respiratory immune system and 
renders the respiratory tract vulnerable to inflammations. However, there are no studies on 
how the inflammatory reactions in respiratory epithelial cells caused by e-cigarette occur, and 
the effects of Korean red ginseng (KRG) and saponin on inflammation induced by e-cigarette 
are unknown. This study aimed to compare the inflammatory reactions caused by e-cigarette 
and lipopolysaccharide (LPS), and to investigate the effects of KRG and saponin on cytokine 
and mucin expression induced by e-cigarette in respiratory epithelial cells.
Subjects and Method   In bronchoalveolar lavage fluid and lung tissue of mice, the effects of 
KRG and saponin on cytokines (interleukin [IL]-1β, IL-6, IL-8) and mucin 5AC/5B 
(MUC5AC/5B) expression induced by e-cigarette were investigated using real-time polymerase 
chain reaction, enzyme linked immunosorbent assay, and immunohistochemistry staining.
Results   Inflammatory cells, cytokines (IL-1β, IL-6, IL-8) and MUC5AC/5B messenger RNA 
expression and protein production were increased by e-cigarette, similar to LPS. KRG and sa-
ponin decreased the expression of cytokines (IL-1β, IL-6, IL-8) and MUC5AC/5B induced by 
e-cigarette. KRG and saponin showed effects similar to that of dexamethasone.
Conclusion   E-cigarette causes inflammation similar to that caused by LPS. KRG and sapo-
nin regulate the expression of cytokine and MUC5AC/5B increased by e-cigarette in respirato-
ry epithelial cells. KRG and saponin may be an effective therapeutic option for inflammatory 
responses induced by e-cigarette in respiratory epithelial cells.
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ing respiratory tract vulnerable to inflammatory reactions.3-5)

Airway mucus protecting a respiratory tract is determined 
by the quality and quantity of mucin. Mucin gene expression 
is regulated by cytokines, reactive oxygen species, and other 
inflammatory mediators.6) The expression of various mucin 
genes and cytokines is observed in inflammatory respiratory 
diseases.6,7) Mucin 5AC/5B (MUC5AC/5B), as the representa-
tive secretory mucin genes and pro-inflammatory cytokines 
have been actively used in studies dealing with airway epi-
thelium.6,8-10) 

Korean red ginseng (KRG) (Panax ginseng Meyer) is a 
herbal medicine used in Korean traditional medicine. Panax 
is a combination of ‘pan-,’ which means everything, and ‘axos,’ 
which means medicine. As it means a medicine that treats 
everything, KRG has been found to be effective in anti-in-
flammatory, anti-cancer, and anti-aging and used in various 
studies.11-14) Among several substances that consist of KRG, 
such as saponin, polysaccharides, polyalkenes, polyacetylenes, 
vitamins, and fatty acids, saponin plays the most important 
role in anti-inflammatory reaction.15,16) Recently, some stud-
ies have been conducted using KRG and saponin to control 
respiratory diseases.9,10,17-21)

Studies on how inflammatory reactions caused by e-ciga-
rette occur, and the effects of KRG and saponin on inflam-
mation induced by e-cigarette in respiratory epithelium were 
not studied. Anti-inflammatory reactions of KRG and sapo-
nin in respiratory epithelial cells have not been investigated 
enough compared to other organs.

Therefore, we compared inflammatory reactions caused by 
e-cigarette with lipopolysaccharide (LPS) through changes in 
cytokines and MUC5AC/5B in bronchoalveolar lavage (BAL) 
fluid and lung tissue of experimental mice. Also, we evaluat-
ed the effects of KRG and saponin on pro-inflammatory cy-
tokines (interleukin [IL]-1β, IL-6, IL-8) and mucin genes 
(mucin 5AC/5B) induced by e-cigarette in BAL fluid and lung 
tissue of experimental mice.

Materials and Methods

Materials
We used eGo ONE CT (Shenzhen Joyetech Co., Ltd, Shen-

Zhen, China; battery capacity, 2200 mAh; resistance, 1.0 ohm; 
air hole, 1.8 mm; atomizer capacity, 2.5 mL; power, 15 W; 
length, 131.2 mm×19 mm) e-cigarette. The e-cigarette liquid 
consists of vegetable glycerin, propylene glycol, and liquid 
nicotine, each of which was purchased from SK Chemicals 

(Seoul, Korea), LG Household & Health Care (Ulsan, Korea), 
and VAPER TOWN (Saint Louis, MO, USA) respectively. 
E-cigarette liquid was made by adding 24 mg/mL of nico-
tine into the propylene glycol:vegetable glycerin 5:5 ratio so-
lution. LPSs and dexamethasone were purchased from Sig-
ma-Aldrich (Saint Louis, MO, USA). Mucin 5AC (ab3649) 
and mucin 5B (ab87376) primary antibodies were purchased 
from Abcam (Cambridge, England, UK). IL-1β from Cell 
Signaling Technology (Danvers, MA, USA), IL-6 from Ab-
cam (Cambridge, England, UK), IL-8 from Thermo Fisher 
Scientific Inc. (Boston, MA, USA), and HRP-conjugated sec-
ondary antibody from NOVUS Biologicals (Centennial, CO, 
USA) were used. KRG and saponin were provided by Korea 
Ginseng Corporation (KGC, Daejeon, Korea).

Animal and husbandary
Wild-type BALB/c mice (5-6 weeks old; male; weight, 

15-18 g) from Koatech (Pyeongtaek, Korea) are used after 
7 days acclimation period. Experimental mice were allowed 
to freely drink water and feed with constant temperature 
(20-25°C) and humidity (40%-45%). Mice were treated fol-
lowing the guidelines for the care of laboratory animals is-
sued by Yeungnam University. All of the experimental proto-
cols were approved by the Ethical Committee of Yeungnam 
University (YUMC-AEC2020-012).

LPS and e-cigarette vapor exposure and treatment
LPS was injected to mice intraperitoneally to induce acute 

inflammation once a day for 2 days. Mice were exposed to 
e-cigarette vapor made by 40 times puff using a smoking de-
vice. The exposure was twice a day for 30 minutes for 28 days. 
KRG (5 or 10 mg/mL), saponin (50 or 100 μg/mL), and dexa-
methasone (10 mg/kg) dissolved in phosphate buffer saline 
(PBS) were administered by oral feeding from the 18th day 
after exposure to e-cigarette smoke for 10 days.

BAL and lung tissue preparation
Ketamine (100 mg/kg) and xylazine (10 mg/kg) were in-

jected intraperitoneally for anesthesia in mice for BAL. A 
cannula was inserted into the trachea, and 1 mL PBS was 
slowly injected and withdrawn to obtain a BAL solution. The 
sample was subjected to centrifugation at 400 times gravity 
at 4°C. The supernatant was preserved by freezing it at 80°C 
for subsequent analysis. The pellet was diluted with PBS and 
counted using a hemocytometer. The lung tissue was collect-
ed by incision in the chest of mice in the same anesthesia.
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Real-time polymerase chain reaction 
Real-time polymerase chain reaction (PCR) was carried 

out with GeneAmp RNA core kit and iQ SYBR Green Su-
permix (Bio-Rad, Hercules, CA, USA) using T100 Thermal 
Cycler and CFX96 real-time PCR system C1000 Thermal 
Cycler (Bio-Rad). Primers for muicn 5AC (QT01329615; 
Qiagen, Hilden, Germary) and mucin 5B (10025636, qH-
saCIP0028135; Bio-Rad) were used. The primary sequences 
of the primers used in this experiments are as follows (Table 1). 
The collected lung tissue was dirsrupted by tissue homoge-
nizer (FastPrep-24; MP Biomedicals, Strasbourg, France), 
washed 3 times with PBS containing 2% bovine serum albu-
min (BSA). And then Trizol (Molecular Research Center, 
Cincinnati, OH, USA) was used to extract total messenger 
RNA (mRNA). After synthesizing complementary DNA by 
performing reverse transcription PCR, real-time PCR was 
performed. Using iQ SYBR Green Supermix, the process of 
denaturation at 95°C for 15 seconds and binding reaction at 
60°C for 45 seconds was repeated 50 times. The amplification 
accuracy was evaluated using a melting curve (Roche Applied 
Science, Mannheim, Germany).

Enzyme linked immunosorbent assay
The proteins were extracted from the lung tissues disrupt-

ed by tissue homogenizer with radioimmunoprecipitation as-
say buffer (Thermo Fisher Scientific Inc., Rockford, IL, USA) 
and quantitatively analyzed using bicinchoninic acid. 20 μg 
of the extracted proteins and the BAL supernatant were incu-
bated in F96 Cert. Maxisorp Nunc-Immuno plate (Fisher Sci-
entific, Lenexa, KS, USA) for 24 h at 4°C. The samples were 
first incubated with a 2% BSA solution for 1 hour. Afterward, 
they were washed 3 times with PBS and then exposed to pri-
mary antibodies against IL-1β, IL-6, IL-8, and MUC5AC/5B. 

The primary antibodies were diluted at a 1:200 with PBS sup-
plemented with 0.05% Tween 20. Further, the horseradish per-
oxidase (HRP)-conjugated secondary antibody was diluted 
1:5000 in PBS containing 0.05% Tween 20 and added to each 
well. After 1 h, color was developed with 3,3’,5,5’-tetrameth-
ylbenzidine peroxidase solution, and the reaction was stopped 
with 2N-H2SO4. Absorbance measurement was done with 
EL800 enzyme linked immunosorbent assay reader (BioTek 
Instruments, Winooski, VT, USA). The protein quantity was 
determined using a standard curve.

Stainings
Diff-Quick (DQ) (Sysmex, Tokyo, Japan) stain was done 

and cell differentiation was counted based on cell morpholo-
gy. Hematoxylin and eosin (H&E) stain was performed with 
the H&E staining kit (Abcam, Cambridge, England, UK) and 
confirmed with a microscope. Periodic acid-Schiff (PAS) 
staining was done using a PAS staining kit (Sigma-Aldrich, 
Saint Louis, MO, USA), and checked under a microscope. 
Immunohistochemistry (IHC) staining was done in paraffin-
embedded lung tissues of mice. According to HRP conjugat-
ed secondary antibody method, we checked the protein of 
MUC5AC/5B. Color development was done using the DAB 
substrate kit (Abcam), and the slides were counterstained 
with hematoxylin (Dako, Carpinteria, CA, USA). Then, the 
slide glass was attached, and it was checked at 200 times us-
ing a Nikon fluorescence microscope (Ti-S, 733551; Nikon, 
Tokyo, Japan).

Statistical analysis
For statistical analysis, SPSS version 22.0 for Windows 

(IBM Corp., Armonk, NY, USA) was used. All experiments 
were performed 3 or more times. Data was expressed as the 

Table 1. Primer used for polymerase chain reaction

Gene Primary sequence Annealing temperature (°C) Product size (bp)

IL-1β F : 5’-ATG CAC CTG TAC GAT CAC TG-3’
R : 5’-ACA AAG GAC ATG GAG AAC ACC-3’

60 142

IL-6 F : 5’-GGT ACA TCC TCG ACG GCA TCT-3’
R : 5’-GTG CCT CTT TGC TGC TTT CAC-3’

60 145

IL-8 F : 5’-ATG ACT TCC AAG CTG GCC GTG GCT-3’
R : 5’-TCT CAG CCC TCT TCA AAA ACT TCT C-3’

60 284

MUC5AC F : 5’-TCA ACG GAG ACT GCG AGT ACA C-3’
R : 5’-CTT GAT GGC CTT GGA GCA-3’

60 130

MUC5B F : 5’-CAC ATC CAC CCT TCC AAC-3’
R : 5’-GGC TCA TTG TCG TCT CTG-3’

60 245

GAPDH F : 5’-CCT CCA AGG AGT AAG ACC CC-3’
R : 5’-AGG GGT CTA CAT GGC AAC TG-3’

60 145
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means±standard deviation. We used the Mann-Whitney U 
test for comparisons. Statistical significance was set when 
p value was less than 0.05.

Results

E-cigarette induced the inflammation in airway 
epithelium of mice

Inflammatory cells are increased in BAL fluid of mice 
exposed to e-cigarette and LPS in DQ stain. Inflammatory 
cells are significantly increased in lung tissue of mice exposed 
to e-cigarette and LPS in PAS, H&E stain (Fig. 1). E-cigarette 
caused the acute inflammation in airway epithelium of mice 
similar to LPS.

E-cigarette induced the expression of cytokines in 
airway epithelium of mice

E-cigarette significantly increased the cytokines (IL-1β, 

IL-6, IL-8) mRNA expression and protein production simi-
lar to LPS in lung tissue of mice (Fig. 2).

E-cigarette induced the expression of MUC5AC/5B 
in airway epithelium of mice

E-cigarette significantly increased the MUC5AC/5B mRNA 
expression and protein production similar to LPS in lung tis-
sue of mice (Fig. 3). In addition, IHC staining showed that 
protein production of MUC5AC/5B was increased by e-ciga-
rette as same as LPS (Fig. 3).

KRG and saponin decreased the expression of 
cytokines induced by e-cigarette in airway 
epithelium of mice

To investigate the effects of KRG and saponin on cytokines 
induced by e-cigarette, mice were made to ingest KRG (5 or 
10 mg/mL), saponin (50 or 100 μg/mL), and dexamethasone 
(10 mg/kg) for 10 days. KRG and saponin statistically signifi-
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Fig. 1. The effects of e-cigarette in respiratory epithelial cells. E-cigarette significantly increased inflammatory cells infiltration similar to 
LPS in Diff-Quick staining (A), PAS staining (B), and H&E staining (C). Yellow arrows indicates inflammatory cells. e-cigarette, electronic 
cigarette; DQ, Diff-Quick staining; PAS, Periodic acid-Schiff staining; H&E, hematoxyling and eosin staining.
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cantly inhibited the protein production of cytokines (IL-1β, 
IL-6, IL-8) induced by e-cigarette in lung tissue of mice (Fig. 4). 
Dexamethasone (10 mg/kg) presented the similar results.

KRG and saponin decreased the expression of 
proteins induced by e-cigarette in airway epithelium 
of mice

To identify the effects of KRG and saponin on cytokines 
induced by e-cigarette, mice were made to ingest KRG (5 or 
10 mg/mL), saponin (50 or 100 μg/mL), and dexamethasone 
(10 mg/kg) dissolved in PBS for 10 days. KRG and saponin 
significantly inhibited the mRNA expression and protein pro-
duction of MUC5AC/5B induced by e-cigarette in lung tissue 
of mice (Figs. 5 and 6). In addition, IHC staining confirmed 
that KRG and saponin suppressed the protein production of 
MUC5AC/5B increased by e-cigarette (Figs. 5 and 6). Dexa-
methasone (10 mg/kg) showed the similar results.

Discussions

As the use of e-cigarette increases, the side effects of e-cig-
arette in the respiratory mucous membrane are constantly be-
ing identified.1,2) As the paper on cytokine and chemokine 
reveals, IL-1β, IL-6 and IL-8 act as the most important pro-
inflammatory cytokines.7) MUC5AC/5B, the main compo-
nents among the various mucin genes, are essential for deter-
mining mucociliary clearance and viscoelasticity. Some studies 
have reported that the expression of MUC5AC increased in 

patients smoking e-cigarette.22,23) A previous in vivo study by 
our research team confirmed that the expression of cytokine 
and mucin was increased by glyoxal and methylglyoxal, the 
components of e-cigarette, in human nasal epithelial cells.24) 
Furthermore, in this study, it was confirmed that the expres-
sion of cytokine and mucin was increased when the vapor of 
e-cigarette was given to mice in the in vitro study. 

The adverse effects of e-cigarette on respiratory epithelial 
cells were confirmed. Scott, et al.3) showed that excessive pro-
duction of reactive oxygen species, inflammatory cytokines 
and chemokines induced by e-cigarette vapor made alveolar 
macrophage inflamed and inhibited the phagocytosis. Wu, 
et al.4) revealed that e-cigarette increased inflammation and 
viral infections in human airway epithelial cells. Martin, et al.5) 
insisted that e-cigarette activate inflammatory reactions sim-
ilar to conventional cigarette and suppress immune responses, 
causing tissue damage in respiratory mucous membranes and 
making them vulnerable to infection. In this study, we en-
sured that e-cigarette decreased immune function and over-
activated inflammatory reactions like LPS through compari-
son of inflammatory cells, cytokine, and mucin from BAL 
fluid and lung tissue of mice. As LPS and e-cigarette showed 
similar inflammatory reactions in respiratory epithelial cells, it 
is thought that signal pathway of e-cigarette is associated with 
TLR-4, TRIF, MyD88, and NF-κB like LPS signal pathway.

KRG is helpful in preventing, controlling, and treating re-
spiratory diseases. Lee, et al.18) clinically demonstrated the 
preventive effects of KRG in acute respiratory illness. Also, 

Fig. 2. The effects of e-cigarette on cytokines expression in respiratory epithelial cells. E-cigarette significantly increased cytokines (IL-1β, 
IL-6, IL-8) mRNA expression (A-C) and protein production (D-F) similar to LPS. Three independent experiments were performed (n=3). 
Bars represent the mean±standard deviation in triplicate. *indicate significance of p<0.05 compared with zero value. Con, control; LPS, 
lipopolysaccharide; E-cig, e-cigarette; e-cigarette, electronic cigarette; mRNA, messenger RNA.
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KRG and saponin showed anti-inflammatory effects and ther-
apeutic potential in chronic respiratory illnesses such as chronic 
obstructive pulmonary disease and asthma.19,20) A recent clini-
cal review reported the promising role of KRG against respi-
ratory tract infections.21) Previously, several researches have 
confirmed an increase in MUC5AC/5B due to pro-inflammato-
ry cytokines induced by diesel exhaust particle, severe acute 
respiratory syndrome coronavirus 2, and other factors. In con-
trast, our study specifically verified the induction of pro-in-
flammatory cytokines and MUC5AC/5B by e-cigarettes. The 
significance of our research lies in demonstrating that KRG 

and saponin can modulate these responses, distinguishing it 
from earlier studies. The modulation of respiratory inflamma-
tory responses by KRG and saponin was confirmed to be as-
sociated with NF-κB pathway.9,10,15,17) Consequently, we hy-
pothesize that the role of regulating inflammation induced by 
e-cigarette is also likely to associated with NF-κB pathway. 
We are currently conducting ongoing research to explore this 
association. It is believed that respiratory inflammatory re-
actions stimulated by unavoidable air pollutants or coronavi-
rus can be controlled through KRG and saponin.8,21,25,26) Ad-
ditionally, it will be interesting how the respiratory mucosa 
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Fig. 3. The effects of e-cigarette on MUC5AC/5B expression in respiratory epithelial cells. E-cigarette significantly increased MUC5AC/5B 
mRNA expression (A and B) and protein production (C and D) similar to LPS. E-cigarette significantly increased MUC5AC/5B protein 
production in immunohistochemistry staining (E and F). Three independent experiments were performed (n=3). Bars represent the mean 
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e-cigarette; e-cigarette, electronic cigarette; mRNA, messenger RNA.

E

F

6

4

2

0

6

4

2

0

10

8

6

4

2

0

6

4

2

0

N
or

m
al

ize
d

 re
la

tiv
e 

M
UC

5A
C

 m
RN

A
 e

xp
re

ss
io

n

M
UC

5A
C

 p
ro

te
in

 

pr
od

uc
tio

n 
(fo

ld
 in

cr
ea

se
)

N
or

m
al

ize
d

 re
la

tiv
e 

M
UC

5B
 m

RN
A

 e
xp

re
ss

io
n

M
UC

5B
 p

ro
te

in
 

pr
od

uc
tio

n 
(fo

ld
 in

cr
ea

se
)

Con

Con

Con

Con

E-cig

E-cig

E-cig

E-cig

LPS

LPS

LPS

LPS

*

*

*

*

*

*

*

*

A

C

B

D



KRG Regulates an Inflammation by E-Cigarette █ Lee SJ, et al. 

www.kjorl.org   33

Fig. 4. The effects of KRG and saponin on e-cigarette-induced cytokines expression in respiratory epithelial cells. KRG (5 or 10 mg/mL) 
and saponin (50 or 100 μg/mL) significantly decreased the e-cigarette-induced IL-1β (A), IL-6 (B), and IL-8 (C) protein production. Dexa-
methasone (10 mg/kg) showed the similar effect. Three independent experiments were performed (n=3). Bars represent the mean± 
standard deviation in triplicate. *indicate significance of p<0.05 compared with zero value; †indicate significance of p<0.05 compared with 
e-cigarette only. Con, control; KRG, Korean red ginseng; Sp, saponin; E-cig, e-cigarette; e-cigarette, electronic cigarette; Dexa, dexa-
methasone; L, low dose; H, high dose.
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in enzyme linked immunosorbent assay (B) and immunohistochemistry staining (C). Dexamethasone (10 mg/kg) showed the similar ef-
fect. Three independent experiments were performed (n=3). Bars represent the mean±standard deviation in triplicate. *indicate signifi-
cance of p<0.05 compared with zero value; †indicate significance of p<0.05 compared with e-cigarette only. Con, control; KRG, Korean 
red ginseng; Sp, saponin; E-cig, e-cigarette; e-cigarette, electronic cigarette; Dexa, dexamethasone; L, low dose; H, high dose; mRNA, 
messenger RNA.
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reacts when people smoke cigarette including KRG as an in-
gredient.

The main administration route for KRG in humans is oral, 
so we conducted experiments in a state most similar to that 
by administering it orally. We chose the safest oral adminis-
tration method as injecting would not allow us to distinguish 
whether the inflammatory response observed was due to e-
cigarette use or not. In a previous study conducted by our re-
search team, we performed a cell viability test, confirming that 
both low and high doses of KRG and saponin are safe.9,10) To 
investigate whether the regulation of inflammatory responses 
occurs more prominently in proportion to the dose, we com-
pared low and high doses in experiments. However, we did 
not observe a proportional decrease in effects with dose, and 
similar regulatory effects were observed at both dosage levels. 
Recent studies indicate that the typical dosage of KRG used in 
humans is 0.5-3.0 g/day, and saponin is confirmed at 50-100 

mg/day.27) Through additional research, it is necessary to find 
an appropriate dosage that combines stability and anti-in-
flammatory effects in the human body.

There is a limitation in our study. Signal pathway for both 
e-cigarette and KRG is not accurately identified. We only 
show the result of effects of KRG and saponin on airway ep-
ithelium stimulated by e-cigarette with guessing possible 
mechanisms. Additional research is needed on which mecha-
nisms e-cigarette cause inflammatory reactions, and KRG 
and saponin reduce mucin and cytokine in respiratory epithe-
lial cells induced by e-cigarette.

In conclusion, e-cigarette cause the inflammation similar 
to LPS. KRG and saponin decreased the e-cigarette-induced 
expression of cytokines and MUC5AC/5B in BAL fluid and 
lung tissue of mice. KRG and saponin can regulate inflam-
matory responses induced by e-cigarette in respiratory epi-
thelial cells.

Fig. 6. The effects of KRG and saponin on e-cigarette induced MUC5B expression in respiratory epithelial cells. KRG (5 or 10 mg/mL) 
and saponin (50 or 100 μg/mL) significantly decreased the e-cigarette-induced MUC5B mRNA expression (A) and protein production in 
enzyme linked immunosorbent assay (B) and immunohistochemistry staining (C). Dexamethasone (10 mg/kg) showed the similar effect. 
Three independent experiments were performed (n=3). Bars represent the mean±standard deviation in triplicate. *indicate significance 
of p<0.05 compared with zero value; †indicate significance of p<0.05 compared with e-cigarette only. Con, control; KRG, Korean red 
ginseng; Sp, saponin; E-cig, e-cigarette; e-cigarette, electronic cigarette; Dexa, dexamethasone; L, low dose; H, high dose; mRNA, mes-
senger RNA.
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