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Inhibitory effect of ethanol extract of Codonopsis lanceolata against
oxidative stress and disruption of tight cell junction in NCI-H441 cells
after exposure to urban particulate matter
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Abstract One of the major sources of air pollution is urban particulate matter (UPM), which causes lung diseases
involving oxidative stress, inflammation, and cancer. Codonopsis lanceolata (CL) has been used in East Asia as a
traditional oriental medicinal ingredient for lung diseases (e.g., asthma and bronchitis). However, the connection between
the impact of CL and UPM in the lungs has rarely been investigated. This study aimed to confirm the inhibitory activity
of the ethanol extract of CL (ECL) against oxidative stress and disruption of tight cell junctions in human pulmonary
epithelial cells after exposure to UPM. As the lung cells were pre-treated with ECL, the UPM-induced increase in cellular
reactive oxygen species production suppressed tight junction proteins (e.g., N-cadherin, fibronectin, occludin, zonula
occludens-1, and claudin-4). These results suggest that ECL prevents the possible effects of UPM toxicity on the lungs.
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Al AlEe] ARl 24 UthLee 5, 2019c;
Ljubimova 5, 2018; WHO, 2017). =3t WHO2| <A & A+
7] (International Agency for Research on Cancer, IARC)ol|A=
uAHAE Aot FH deloz WREStHIARC, 2015). =
oA 1990t FHHLE] tirlede] AAAEE e A-g
ATE Fks] s gkhPark 5, 2016). 20000l 1 T]o|
o] Wyl HE e AR s tir]e] o A= 2 A

Aol BAy 5 DU ARE Ha] A9H0r FW a5
o IoE o e dol te 8771 B0 tE wAe

2 olojFHtH(Ghim 5, 2017). th7|SREAE Al M wA|
HR) 9} 2 AUAE 2AEHRE Gy U wx A
Eol 10um ©13k1 - BlAEA(PM,), 2.5 um ©]3H] A9 =
B AR (PM, )Ekal skl Pate] AFog FE3HATHME,
2019). $7HolME 2007 PM 2 NO2l 7158 748}slaL, 2010
9 wlAle] 7)2S AAE oM (Ahn 5, 2008), 2010 o] F &
= PM, @ PM,°0] #71EE AAshs T 7SR di7le
HJoaRE Fle] AL HIsuAEHs FEe o] o]
A THME, 2020).

H AR 7L Al vAE flEle PAke] 2719 B
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T2 & Ao (Wang 5, 2017), S5F vAHA = Aoz o
Boh S5A 2 AdIAY 7] MEdd EEHoE JFE T
Z 4 Akl jubimova &, 2018). Yt ol 2} HMHR|= H A
) M| o A] mitogen-activated protein kinase (MAPK)$} nuclear
factor kappa B (NF-xB)9] 2802 13}o] AslAEd 2~ 2 4
=4 Alo]E71219l interleukin (IL)-6, IL-8, tumor necrosis factor
(TNFy-o2] AEE S7M71e Aeg oA flom, o Ax =
Aoz Qlsle] X kAF(reactive oxygen species, ROS) A4S
et E44 itst o7 2hg EAA Atst 2EH S
farst 4= Qlokar iR ith(Donaldson} Stone, 2003; Park &
2008; Quay 5, 1998; Wang 5, 2017). o|¢} Zro] mAdx]& A
SfAEY A HAYO R st Ax £E3 Ay Y |5 s
A Ao RN Aot TEANA BT F e oY Fg o
7N F e FE 81e® R thHat Jung, 2017).

sty o 2 PPEAY AxH FEFE FEEe fdoy
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A Al L3E A4S UERd = 9lo] =S AT ¢ U=

PAE AFOoRA HA A2 g 277t AE FoAAL 3
ZFAo]th(Choe 9+ Yang, 1982; Patel 5, 2018). thio] it

= =
L
3t @S He ddee A8 v 2d 5 HE AR 2

X,

A A andog AT gHA Urh(Santana 5,
6). FY 2 il FX3F flavonoid-} quercetin 5] T E
AL AF A A @AEe] Lol AY 8] curcumin,

Q14+ ginsenoside Rg5 5°] NF-«kB pathwayell 283l 52

HaAZths B} o] HAES # A7) #AHS 35 o
£ AZ%Eo] $th(Bames, 2000; Kim %, 2012; Knekt %,

2002; Yuan -5, 2012).

S Y (Codonopsis lanceolataye ZF£3 NEZ FoRt 5 3
AellA] #He] 715 Hakhal 7159 vl 9laL(Hur 5, 2008; KIOM,
2014), sEoMA ot faligh Ik a o= Aoy 7]HA|
4 52 AFdhe 8 FEZ ARSI SUHur 5, 2008). UY
o= g, Az To] AP Edo] TR A d5E
AAAZITRE B7t 2leH(Lee 5, 2007b; Valavanidis 5, 2013;
Xu &, 2008), ¥HF WRF ol M4, 71#HAH, 713, AH,
TS} Tl B vl dEA Ath(lee 5, 2005a; Seo T,
2019; Shin &, 2019). ¢ A WAHEARZ Qlste] BT + Sl=
¥ 42 olipoic acid, HIEFY D, 7E dee FE2E 502
AR & Qths A7 ERE vF 3(Lee 5, 2019a; Mann
5, 2017; Park &, 2019), AEH] Aoz ARgsle ok
ANEZ2E 7N Terminalia chebula)?t &=+, 1=, Fdolr]o} A
o SollA g ARE Aoz dEA Adtk(Wang &, 2015). 7+
A guje] ©d EZF<Q chebulic acidi= pulmonary alveolar
epithelial (PAE) A Eol|A =A]u]A|HX](urban particulate matter,
UPM)ell 98t ROS A4S AL M2E2] tight junction & K.
Foh= a7 d79 vl Yo (Lee &, 2007a; Lee 5, 2017),
UPMel 93t A9]-7+) Z o] (epithelial-mesenchymal transition)2]
APg AAFe =N 3)Ee] aHE BEAths A7 UATH(Lee
5, 2019d). 28y ke Sl Y 9 AR S8 EA e
ZAEZ FUoME H A3 AFJE 93 G EE gYe A}
L3lgkot ol &8s FEE°] UPM gt #H Mg Abst
ZEY 22 RE A &4 BHEske g diEine o
T7F FE55 Aol webx] 2 AFtox= UPMe] <] Al
Sk AStAEY AR F AlErt S4E AE5AQ FEAEL] o

RS

r o
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Ho] FEE0] olE Jod ¥ W3 a3E ERISHIA} ST
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B Ao ARgE gy 33 vk BHyoz JUx 3
do] Aol Al 2019 5€ol Y3t ARE-3HATE. Ascorbic
acid, dextrose, 2',7'-dichloro-dihydro-fluorescein diacetate (DCFH-
DA), dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2yl)-2,5-
diphenyl tetrazolium bromide (MTT), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), Folin-Ciocalteu ~] <}, gallic acid, hydroxyethyl piperazine
ethane sulfonicacid (HEPES), sodium bicarbonate, sodium pyruvate,
2,4,6-tripyridyl-S-triazine (TPTZ) S+ Sigma-Aldrich (St. Louis,
MO, USA)9A U3ttt Fetal bovine serum (FBS)<t
penicillin, streptomycin 5 Hyclone (Logan, UT, USA)°IA]
AdtR o™, 1 £ TIron(lll) chloride hexahydrate (FeCl,-6H,0,
Shinyo Pure Chemicals, Osaka, Japan), iron(Il) sulfate heptahydrate
(FeSO,-7H,0O, Showa Chemical, Tokyo, Japan), LeGene Premium
Express first-strand ¢cDNA Synthesis System (Legene Biosciences,
San Diego, CA, USA), RNAiso PLUS (Takara Korea Biomedical,
Seoul, Korea), RPMI-1640 (Gibco Laboratories, Grand Island,
NY, USA), sodium carbonate (Samchun Chemicals, Seoul,
Korea), TOPreal™ qPCR 2xPreMIX SYBR green (Enzynomics,

Dacjeon, Korea) 5 T3t Aol AR8-35

Y O|EF2 F=E(Ethanol extract of Codonopsis Lance-
olata, ECL)e| M=

ECLE Lee 5(2019b)9] FHolerE F= WS ALt o
=3 o] Axsnt A, HYd &2 &3 ola& A7 sH]
8 z2& B AF T 10x10mmE 2} FEAAZ AU
AzE Gy dHE 55% (vv) THAEE 1:100] FA ¥]&
ww)E mgs &, o F&8& %17]9F%7](HD-A80, Habdong
Machinery Co., Kyeongki, Korea)S ©]-&3k] 60°CollA 4547+
B FEHY. FEFEL oK (Whatman Nod, Clifton, NY,
USA)Z o3} & s1Hd739527] (Byela, Tokyo, Japan)s ©]-8-3}%]
FAAEES AABIIL doj gy FEdE FAARES
2 FHE Basglon AR Aol 100 mgmLe] TER S
Frell gAste] ARt

% Z9¥lE %S Hagerman 5(2000)2] Folin-
Ciocalteu 'HS WEsI Aol A3}t 1 mgmLe] ECL
A]EE Folin-Ciocalteu A]¢F 2 20% sodium carbonate -89z}
2:1:5 (vviv)®] HIER A2 5 A 4027 AAsIHeH,
multiple reader (EL-808, BioTek, Winooski, VT, USA)S A}-&-3}
o] 750 nm oA FFEE SAAT FEFAL gallic acid
£ AHgste] 2Agsllom, Ak ] 2o A8 4
kS tiYdste] BCL 7AXE(dry matter, DM) g & gallic acid
32l T (gallic acid equivalent, GAE)Z ¥ & 3}it).

DPPH Xt ZiC|& a7s &3

DPPH A+ 2H)Z 27158 Kitagaki®t Tsugawa (1999)2] 2
3 HS sk ol EIES] = 2E ECL A&
(1.5-25 pg/mL)9} Bl o 2 ARS-El ascorbic acid (6.2-100 pg/mL)
= Ao R FAsle] Age Mg 7t w2 AlE 2
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v 22 700 uMe] DPPH AloFS 412 the dleo| Aehd 37°C
o] 23571004 307 EEAIZTE ©F 515nm el &
FEE Fs0eH Ade ARV AR 42 dlxat F
AP FHEE wE 7 o) dEx2TFY FHER
NEATh HE5HSE DPPH At &lZs 50% 475t
AlE9] H(50% scavenging capacity, SCy)S T3+t

Lol g

Ferric reducing antioxidant power (FRAP) &3

FRAPZ Lee 5(2005b)e] "Hell w2} A S™ ECL
100 mgmLE A|Z3}e] Ao AE-3FATE FRAP A2k 300
mM acetate buffer (pH 3.6), 10mM TPTZ40mM HCl E31&,
20mM iron(Ill) chloride hexahydrate (FeCl,-6H,0) 10:1:1
w2l BlE&R Este] Az @Az 848 ECL
A|E2} FRAP Al9FS 242t 1:30 (viv)e] HI&=Z 4o] 37°CellA] 5
B2F 9RSAIZL & 593 nm vHgelAN SRS ST BFE
A& iron(Il) sulfate heptahydrate (FeSO,-7H O)—— AHgsle] 2

Aatom FEHA FA AlEe AdgE tiydste] ECLY
DM g & umol FeSO4 TH,0Z AH&3i3
M= Hief

Q17F # 4w ME2 NCI-H441 (ATCC, Manassas, VA, USA)

AEE= 2.0x10° cell/mL-J UE210% FBS (Vv)E 43t RPMI-
1640 WA & o]-&3te] 5%2] CO, F&7t fAEE QI olE
(37°C)llA vl 3FA . RPMI-1640 WA= 2.5 ¢/l dextrose, 2.4
g/l HEPES, 0.11 g/l sodium pyruvate, 2 g/L. sodium bicarbonate
2100 units/mLe] penicillin?} streptomycing 715t ARE-SIATE

UPM E&E A2 M=

UPM (SRM 1648a)y2 127]1€ ©]’d Missouri 2] St. Louisl|
A FEE PR E2E o7 22 E National Institutes of
Standards and Technology (Gaithersburg, MD, USA)ollA 3tujj &}
= AEL ARSI 49 A 10mge] UPME 1 mLe] DMSO
o $%3] 83l § At AdPe] XFE ARE ARSI

M= dzg &3

ECL ALEJ} ¥ 39 AE APEel] JIS
R3] Slal MTT 274 Wig o831ick(Lee 5, 2017). NCI-
H441 Aol ECL A18(25, 50, 100, 200 pg/mL)} UPM (5, 10,
20 pg/mLyS 24A17F 2] & A5AS AASL MTT Aleke H

AR e TEE

Table 1. Real-time PCR primer sequences
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kel 243 WALk MIT §o4 AAT F DMSOR %
84 2ok 242 FAAA 0] S FHEE &
b A4 g dET FYE e

wro g st AT 4% w1 ‘i‘%tir(%)% Rl

lﬂ
N oo

.‘Qﬁi

ROS My =X

7 235] AlZell A UPMel oJsf A== ROSE Z4517] 9
3lo] Lee 5(2017)2] WS 23T NCI-H441 Aol ECL
NZZ z}z} 25, 50, 100 2 200 ug/mLQ] FTERZ 24A7F 59 A
sl em, ECL AlEE A|4% F 100 uM DCFH-DAS #53}
o 37°ColA] 304 7k WEA|EE & AloRS A|ASIGATE ©] §, UPM
10 pgmLE *2]3te] 24x)7F 52t vt & phosphate buffered
saline (PBS; pH 7.4)E X33} Th Multi-detection microplate
reader (HIDEX, Turku, Finland)E A}8-3}¢] excitation (485 nm)3}
emission (535 nm)S SO ZA] HZE 2/, 7-dichlorofluorescein
diacetate (DCF)®] #g 4oH Axe dize @S 7oz
sto] Agre] WE-g(%)= et

RNA £& % realtime PCR

NCI-H441 A2 ECL AE& 77} 50, 100, 200 pg/mLe] =
T2 24x7F B2 HEsiglen, ECL A8 AASIL 10 pg/mL
S8 UPME 677 ¢k Alelstoitt. PBSE 23] A% $-
RNAiso PLUSE %7}sto] RNAE
Express first-strand cDNA Synthesis System2- ©]-8
stk # g3 AlEZQ] tight junctionS 21317
¥ cDNA$} tight junction primer % TOPreal™ qPCR 2xPreMIX
SYBR green2 9:1:10 (v 2 &3 ¥ Bio-Rad 1Q5 thermal
cycler (Bio-Rad, Hercules, CA, USA)S Al&-3le] =434
PCRe] ©AZ 95°C 5%2] pre-denaturation ZHgS A3
denaturation #+3-& 95°C 10%, annealing 3L 60°C 30%,
extension IS 72°C 20%F F 40 cycleS AT Aol
/\]—9-'3]' primer®] A71AEL Table 19 #A|A3F992H, PCR 43

T 7F e B Ade 24 AR Cke ol8-8ke] Bactin
_E RS delta-delta-Ct (AACHyHEOZ Aitste] Ve St

FZ3} 3L LeGene Premium
4319 cDNAZS
EERE

S

=
BE AY A 3uES Algsiely
g8t eIt A A ol f& %711: SAS version 9.4
(SAS institute, Cary, NC, USA) Z2 73S o

Gene Oligonucleotide sequence Size

Necadherin sense, 5'-CGT GAA GGT TTG CCA GTG T-3' 128 b
antisense, 5'-GCA CAA GGA TAA GCA GGA TG-3' P

Fibronectin sense, 5'-CTG GCC GAA AAT ACA TTG TAA A-3' 114 b
antisense, 5'-CCA CAG TCG GGT CAG GAG-3' P

Oceludin sense, 5'-ACA AGC GGT TTT ATC CAG AGT-3' 89 b
antisense, 5'-GTC ATC CAC AGG CGA AGT TAA T-3' P

70-1 sense, 5'-GCA GCT AGC CAG TGT ACA GTA TAC-3' 194 b
antisense, 5'-GCC TCA GAA ATC CAG CTT CAC GAA-3' P

Claudine 4 sense, 5'-CGG CCC ACA ACA TCA TCC AA-3' 170 b
antisense, 5'-GGC GGA GTA AGG CTT GTC T-3' b
B-Actin sense, 5'-AGC GAG CAT CCC CCA AAG TT-3 285 bp

antisense, 5'-GGG CAC GAA GGC TCA TCA TT-3'

N-cadherin, neural cadherin 2; ZO-1, zonula occludens
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Codonopsis Lanceolata (CL)
1,0147 g

Freeze drying after cut to 10 x10 mm ——p 224%

Dried CL pra—
2275¢g

Add 55% (v/v) ethanol 2,275 g (1:10 (W/w))
Extract of mixture for 4.5 h at 60°C >

Extract of CL
1,508.7 g 6.0 %

Filtered with whatman filter paper no4 ——p» l
Hlterd extract of CL 26.7%

Rotary vaccume evaporation at 60°C ——p
Concentrated extract of CL

Freeze drying after added water ————p

Ethanol extract of CL (ECL)
60.7¢g

<« —

Fig. 1. Scheme of ethanol extract from Codonopsis lanceolata (ECL).

test (*p<0.05, **p<0.01, ***p<0.001) Z Duncan’s multiple Table 2. Antioxidant activities of the ethanol extract of
range test (p<0.05)% AA|3t] FA A5k Codonopsis lanceolata (ECL)

Antioxidant activity®
&35 nF Total polyphenol (mg GAE"/g DM) 1329:0.5
DPPH SC,, (mg DM/mL)” 17.41+034
ECLe| M= HHAYE 8 5
FRAP (uM FeSO,- 7H,0/g DM)” 28.500.32

HYog2RE ECL AlEE AZse F& WA= Fig 13 2

"Total polyphenol contents of ECL was expressed as mg/g gallic acid

T FF 589 Fola wate] golde 98 AHL B4 4 .
. o] 2B o 13 oF equivalent (GAE)
Z3l Y FrE -2 AASISIE) o] I oF 224% DM, Dry matter

3
2
S5 d9ler, ol Fal AHYe o 77.6%°]
FES L e AS 2IE F o v R dxy
HemRY 35, o, Mess 2 $20%E F3 ECL A=
9o 2 31l o of

Lee 5(2019d))2] ATolME AZXHYo2RE =&, oz, 3]
T 2 FAAZX T ECL A B9 F8E 463%= HAHA
th & Ao AR AR Y9 XA E 84), 7
A7), 2 AEHEEY) 52 A8 AT (Lee 5, 2019d)
o} sl FHIEIE = Eelal, TSl AAIE AH) g
! 719k A A7) Tl 9 wol thekg Wy
om x4 vy F FAXN] AR E &
QoA F2EQl Y ALY Ao|2HE F&
Aoz FodEn, 3 Lee 5(2019d)2 54
e T FFFEVIE ARSI OY £ Adel
10x10 mme] dHo = e} FAAXS vyge
AEA7I= HAA 9 A5 AHEas FEHo
F5 589 o7t A Aoz Rzt

rO
¥o =
Oy o f

to ~ g0

o
dand

i M
O,
¥
X2

-

e 32
)

o=
ot

Al

n)
Nin)

L 2 AL 1o o O oy
oy
)

oxorr B

dValues are expressed as mean+standard deviation (SD) of triplicate
experiments.

YDPPH, 2,2-Diphenyl-1-picrylhydrazyl

YFRAP, Ferric reducing antioxidant power

ECLe| &itst &4 Fol

ECLe| &4kl &4 B4 Aal(Table 2), & Z¢¥E ke
13.3£0.5mg GAE/g DM 2 YEPoH, o]& Jeon 5(2013)9]
AolA HAESH 70% NEHE2 FE3 ¢ oEe FE2EY &
Z39E $(15.740.5 mg GAE/g)3t FAFEI ) =3, 2 A9
ol FRAP 7+ 28.5+0.3 uM FeSO,-7H,0/g DMO.E AHEE|9]
T, °]& Jeon 5(2013)2] AT-olA FAH 70% oEtEE F=
gy ogke 3259 FRAP %H29.5+3.0 uM Fe(Il)/g)=+ -F-AF
ksl B4S ® Qo Wb, DPPH A g 2459 A
ECL2| SC, & 17.4+0.3 mg DM/mLO2 UERITE o] Song
(2012)2] AFeldE AUYS 1005w 70% NEe &
ARt 80°ColA 24A17F Bt FF IARYIIR FE
% B $471x3 dYFEEY SCyi 6.04+0.01 mg/
9 Ao vws Bts o B A7 FEF 2o

ECL®] DPPH At 2tz &A% of 3u] A& o
et

o 2 oft o ot o f

fru
PR Eﬂ ) o
loiﬂ\l
e oy
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rlo
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Cell viability (% of control)

CON 10

UPM (ug/mL)

w

ROS generation (% of control)
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CON

UPM (pg/mL)

Fig. 2. Effect of exposure to urban particulate matter (UPM) on
viability and reactive oxygen species (ROS) production of NCI-
H441 cells. NCI-H441 cells (2x10° cells/mL) were incubated with
different concentration of UPM (5, 10, and 20 pg/mL) for 24 h. (A)
Cell viability was measured by MTT assay. (B) ROS production was
measured to be converted from 2',7'-dichlorodihydrofluorescein
diacetate (DCFH-DA) to 2',7'-dichlorofluorescein diacetate (DCF-
DA). Cell viability and ROS production were expressed as a
percentage of the control (CON). Values are expressed as mean=+
standard deviation (SD) of ftriplicate experiments. *p<0.05,
**p<0.01, and ***p<0.001 are compared to control according to
Student’s #-test. n.s. is not significant compared to control at p<0.05
according to Student’s #-test.

, DHIZO|E Fo tekd Aejdd=

= 'I_l\/_]., = = =
< gty B3 E vl Jlow(Hur 5, 2008), 2129] HE 8
FEE0] 2 FHULS 2ASI SIS FUAIA Pitst
Aol Yehuhes Aoz duA JokLi 5, 2008). A oz
2 AYellA o] FAHS Tl Ax 2 7T 4L Jsla &
E2E §Esprlo] ditsl B4 A7 S313 DR AFo)
ATHSong &, 2012). B AFoA A& ECL F2ES & %
ot A=) A W Fol uEh zel= It Jeon 5(2013)
9 Song 5(2012)¢] AT At vEPIRAE ks g8

Bl 2E Slsdrt.

ECLZ UPMe| H A ME =4 sl

NCI-H441 A|Zol ECL ¥ UPME zHz} 24747 X2 & Abg
A k3 g3E el S e AES weE AFs) Sl

169

n.s. n.s.

CON

(]
]

50 100
ECL (pg/mL)

Fig. 3. Effect of ECL on viability of NCI-H441 cells. NCI-H441
cells (2x10° cells/mL) were incubated with different concentration
of ECL (25, 50, 100, and 200 pg /mL) for 24 h. Cell viability was
measured by MTT assay and was expressed as a percentage of the
CON. Values are expressed as mean + SD of triplicate experiments.
n.s. is not significant compared to control at p<0.05 according to
Student’s #-test.

20 O S
=55 g

3513
=

Al A ASFATHFig. 2, 3). AMSFEEH A 2 EF=
AREE UPMO A8 F=E Fig. 28] 4342 7vkoe s Ax =
Jo] A oA ROS7F Bol AdEE TEE 7R AAsS
th F5¥ UPMS 24A17F NCI-H441 AlEo] 2] A 20 pg/mL
9] LA AE AEE0] 67.9432%% ROl AL B
A F20] el d7olx A9l = Aeh(p<0.001). L&A 10 pg/
mLe] UPM A FLoME HE AEE0] 883£0.5%= e
O (p<0.001), 5pg/mLe] FEoAX= p<0.05 olslelx] UPMe| A
YA 252 ZHCONYF FAFSE 75 (95.9£1.7%)2] AE&
< Ho] NCI-H441 HlEol| F7do] S BISHITHFig. 2A).

TE3H UPM #E] v% ¥ ROS A HS 213 A3k (Fig. 2B),
AE AEEO] HEZ(CONF FARE FEos Ueistd 5pg/
mLe] UPM A ZodA = p<0.05 o]atllA ROS AAdZo] thx
THCON)F Hlste] o<1 zfo]7} VERFA] gfo} A7 ellA
A= N0, 10 pgmLe] FEoAN WEZ(CON)ET} 40% o]
=S ROS7F A E o) (p<0.001), 10 pg/mLe] UPML UPM g
o] W2 g3E v F e 7MY e T ddsiy
HTHoZ Aol ARSI

ECL& 25, 50, 100, 200 pg/mLe] 2E FEolM AX HE&
0] 953-97.9%= Yeh} BE GY F= F7HA F 43 AlZ
of =AS HolxA Th(p<0.05, Fig. 3). E3F ECL (25, 50,
100, 200 pg/mLyS 24A17F AAE] 3 10 yg/mLe] UPME 24X|7F
A3 A3, RE AT AE AELLS 81.2-86.8%% LERS
o, UPM &5 A2|(91.3+53)2 vl wsle] 23 Yolx|= 7
T B O} p<0.05904] e FQl xjol7t YERR] ekSkTh(Fig.
4A).

ECLe| OMHX| F=4 M5t AEA Wl oAX| S3}

2 AFolM= UPMLE 213 ROS A4 H S7tel ECL <
3k ROS AA dtass gelstaxl sF3it). Fig. 4B UeRd
ule} 7o, UPMYF ©E0 2 X2]eh 7-9-(255.1+10.4%), AlE W]
ROS AA o] thxT(100.0£10.1%)F Blwsle] FolFoz 25
o SRtk W, ECLE ] § UPMS A2eh B& 29

<, T =%
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Fig. 4. Effect of ECL pre-treatment before UPM on viability and
ROS production of NCI-H441 cells. NCI-H441 cells (2x 10° cells/
mL) were incubated with different concentration of ECL (25, 50,
100, and 200 pg/mL) for 24 h and then were incubated with UPM
(10 pg/mL) for 24 h. (A) Cell viability was measured by MTT assay.
(B) ROS production was measured to be converted from DCFH-DA
to DCF-DA. Cell viability and ROS production were expressed as a
percentage of the CON. Values are expressed as mean+SD of
triplicate experiments. Different letters are significantly different at
p<0.05 and each value is according to Duncan’s multiple range test.

oA UPMel| 23t ROS Ad&Fe] UPM @5 Aol H]3]
Ao, £3] 25-100 ug/mLe] ECL = F7HlME A
Tt S71eel wEl ROSY A EC] B oEH o= 7HAs)
Atk 100 ug/mLe] ECL #Z]2olA ROS YA #(153.148.9%)S
UPM ©5 Ag|td} vlaste] oF 40% Hasidon iz
A= vebstel. 3 200 pg/mLe] ECL A 2]7(146.1£10.6%)01
A= 100 pg/mLe] ECL A2 FAFE 452 ROS A HS
BYom, FoH9 s oE4e AAER eodrt

UPMeI| 23] AAE ROSE ARA71e EAEA 7 ogke:
FZE, chebulic acid, o-lipoic acid 59 YEE o] &3 A7}
&#HA UthLee 5, 2017; Lee &, 2019a; Lee &, 2019d; Park
5, 2019). Park 5(2019)2] 7ol w=w 7 e FEE
(100 pg/mLYS F A E(A549)14 UPM ©+% A g]ZK ) ROS A
QS oF 25%E AN, Lee 5(2017)] AFolME #H A
T ZNCI-H441)e 10 pMe] 52 chebulic acids AAE]g 7
% 10 pg/mLe] UPM ©5 ARt} ROS AIFS oF 50% 5

o2 APAAHY. S Lee 5(2019a)2] A= o-lipoic acid
100 M} UPM 200 pg/mLE &A1 A2 Al UPM TEX2|FH
T} ROS TS oF 50% A ZAATE ZoE et o
9} zFo] B 7S] ECL (100 pg/mL)E UPMLE <18 s
ROS T ZFE thE Aol el FARE 57k aaHog
e Ao RIHUT

we e

ECLe| H| A M= tight junction 2& &1}

Tight junction A3 Ato]e] whillal E3pA| 2] o] 2 A3
AZZM AEE Hesla JNZE 7 EFols, 44 &
Ag 2Asim Mxe] F2A LS Tt IS A
ZTHCunningham®} Turner, 2012; Gumbiner, 1987; Vermette
%, 2018). ©]#] 3 tight junctione occludin, junctional adhesion
molecules (JAMs) 2 claudins S22 A=} 9Jom, o]Eo] &
ARog WL e A BAF FE, A058F Eigr|nd
59 71538 FlE vel= Aoz gEA Ath(Vermette 5,
2018). Zhao 5(2018)°] W= wAHA] o] &J3)] WA ROSE
ME F3S =] transepithelial electric resistance (TER)<]
71%5S ASA7)= 5 tight junction Tl Q] 7|50l gee F
o & A9 e BHE ZSTIL A2, Lee 5(2020
UPMOE <lale] w8t ROSE 95 Alo]EFICle] Wl oks
7FAZ]1AL zonula occludens (ZO)-1, occludin 2 claudin-13} %
tight junction THAS] WHYS AT ST o]¢}t 2
o] UPMell ¢J8] AAE ROSE tight junction?] 7]% Fol=
Fole 29 & SRR tight junctions TA3HE RFAES)
EE vHwgo 2 UPMe oJ§F &4 ECL Al&9] AA
ot By E3E gRlst st

AIE Aole] Haol| Fodshs Aoz LEZl neural (N)-cadherin
(Chosa$} Ishisaki, 2018y thzwtollA o] WY 7Z0 7 31¢)
S o # A4y MEo UPMS 9502 AT3 7(0.42+0.04)0]
A OPRAE AYHR] B thFT(1.00£0.04)00 HIE foJH o
oF 58%2 TAE Btk 50 ugmLe] ECLS Ax2d A+
(0.48£0.01)°1X= UPM ©5 A3 Hlwste] {F93Q1 z}e]
7} #FEA ekgkot, 100 pg/mL (0.78+0.10) 2 200 pug/mL 2]
ECLE 83k A¥#0.97£0.13)014 UPM *z2 213 N-
cadherin®] ¥ ZAE T oEHQ aFE Holn molEE
Aoz UEPGTHFig 5A).

Az & 71d 7+ A4 9 AdE E33k= fibronectin A2}
3} o] EAtoll ZAetste tight junction®ZA1S] 7|55 st
= Aoz d#A tk(Pankove} Yamada, 2002). Fig. 5BOIA
Ebd wlel 7ol fibronectin® UPM ©Eo 2 X3k o
(0.30£0.10)2 o}FAE M HA] 22 th2H(1.00£0.12)2] H&H
FE Vo= oF 0% FAE eI 50 pg/mLe] ECLE
Ax et AEE(0.29+0.0200 4= UPM @5 A3} v| w3}
fojdel zpol7p B ekkort, 100 pg/mL (0.46+0.07) 2
200 pg/mLe] ECLS A g A3(0.86+0.07)°14 UPM A&
2 213} fibronectin Y FAE FE & 34= Holy
I EAATE FFE B

Occludine 9% FHo2HE YA 2E RHoshe 9T 3t
= (Beeman 5, 2009), °]& UPM ©= zjzjo] o3k & 9(0.59+
0.12)°] oFF AL He|EA] ek th2(1.00+0.07)2] LAYS 7]
FOo =7 9k 41% ANt BE ECL A2 F=oA UPM ©&
= X vaste] fo)H xolE Holw tlZety) fAMS
FTO2 occludin Lol VERES ERISFALH, 53] 200 pg/
mLe] ECLE A 2ldt A3olA occludin®] & (1.15+£0.08)
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Z0-1% S E FEARA AE AelE Adshe
tight junction®]TH(Vermette 5, 2018). Fig. 5D2| ZA}A], ZO-1
2 UPM ©E02 A8 7(0.70£0.03) o}FFAE A=A ¢k
2 OI27(1.00£0.05)2] FHES 7SR oF 30%2] F4AE H
Atk 50 pg/mLe] ECLE A et AF1(0.67+£0.04)°4= UPM
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Fig. 5. Effect of ECL pre-treatment before UPM on tight
junction expression levels of NCI-H441 cells. NCI-H441 cells
(2x10° cells/mL) were incubated with different concentration of
ECL (50, 100, and 200 pg/mL) for 24 h and then were incubated
with UPM (10 pg/mL) for 24 h. (A) Neural (N)-cadherin, (B)
fibronectin, (C) occludin, (D) zonula occludens (ZO)-1, and (E)
claudin-4 mRNA expression levels were determined using
quantitative real-time PCR (qRT-PCR). Values are expressed as
mean+SD of triplicate experiments. Different letters are
significantly different at p<0.05 and each value is according to
Duncan’s multiple range test.

2 200 pg/mLe] ECLE A3 AdolM= Z20-19] dafo]

)
[e]
Z¥zb 0.76:0.02 2 0.89+0.070. 2 JERFOH o]= ECLY X
& Qs v% oEFHo g UPMe 93t Z0-19] HAY 7HAs
WA S22 JeRT.

Claudin-4= #HZoA o]EL AAsKE IS sl AX Alo]
o] A 7)5S v ¥ v QJtiWray &, 2009). Fig. SE
oAl ueld nle} 7ol UPM ©EoZ A2|dt (0.64+0.11)
OIFAE HEE R &S thERT(1.00+0.13)8] WAL 7|FEO
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ok 36%7 Ao, ECLS AAT s Awrol ] claudin4
o] wrE ke 77t 0.82+0.02 (50 ug/mL A 2]<), 1.04£0.10 (100
pg/mlL A2#) 2 1.5240.02 (200 pgmLAZ )R T FEF<)
&= Holm UPMY| 93 claudin4¢] W& 7HAS FolFo
2 A

o Ok
i =

& AoMe UPMel o8] frdEl= NCI-H441 A= W ROS
233k a9 w2 tight junction T (N-cadherin, fibronectin,
occluding, ZO-1, ¥ claudin-4 5)2] &d AAIE 21193 ECL
o] AAY R 2sle] g ROS A 2 tight junction Tz vt
Y A o] dItEE RIEaAS et 2 A, 9 Al
FoA UuPMell 28] e Aks) AE2 W tight junction T
el WU HAvF ECLE A AEghess] oalso] Ao
2 A3t 2EF 29} 72 nAwAe o3 ¥ o RHE B
% 295 UehHL tight junction 2] FAIE E-1sISiTt ©]
23 AFHE S ECL 252 #H9} 7|3X)9 Ragas
ey o A "R ofadrt e 7158 HE EEEH
ggo] 7hs Aow et

ZAe =2

£ dAvs yEgista BK2l Fe AR Aldee] A
AL ol F3Y U K(This study was supported by a Korea
University Grant and partially supported by School of Life
Sciences and Biotechnology of Korea University for BK21
PLUS).
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