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Background and Objectives Naringenin and delphinidin are types of anthocyanidin, which
are flavonoids and thus have anti-inflammatory property. Moderate consumption of natural
dietary naringenin and delphinidin is believed to do anti-inflammatory action, but the action
mechanism is unclear. Therefore, this study aimed to investigate the effects of naringenin and
delphinidin on interleukin-18 (IL-1p)- and lipopolysaccharide (LPS)-induced MUC5AC and
MUCSB expressions in airway epithelial cells.

Materials and Method In NCI-H292 cells and cultured nasal polyp epithelial cells, the effects
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its greater potential as an ideal therapeutic agent for the control of mucus-hypersecretion in the
treatment of airway inflammatory diseases.
Korean J Otorhinolaryngol-Head Neck Surg 2013;56:291-6

A = ol yjeo] gkl 2 A (mucin)2 AR ofa]] AJ4do]

2849t 35714 s = Fash A= MUC2,

ol (mucus)S E&7] A bl A MUC4, MUC5AC, MUC5BS} MUC8E &# A glth? o] &

SeE AEFL 2898S sh, QR 2HEE 59 of|A] EulE HA(secretory mucin)?l MUCSAC 2 MUC5B

E4of| gt o] 2h8-2 gtk 18y v A5 58 o AR el sl o|R|1e ) oA Fasdo] Kty
13toll s o] Bu|7p ppEsiA] dojuAt; 1 Aol It Qlck

ﬂé}@l o] 7%%‘2 oFstA| = Qlof, el o] i} Bu|E ARgrel 3 Rt iAol A Hole] Bulg F7HAI7]AL A

Aahe gl uhs Fasith) o] Aarg AHsE A oA f3A S STMTIE o2} 7K Bl AR 1

BNCOFE N
Tl rSL' e

)

Copyright © 2013 Korean Society of Otorhinolaryngology-Head and Neck Surgery 291



Korean J Otorhinolaryngol-Head Neck Surg 12013;56:291-6

% interleukin-1B(IL-1p)+= tHAA2ZL} WajAl| 2ol A AgAT
Sl He7RQIO & TA|ZL} BAE, AfotH2e] F4], 22
2ERFR E29] AAL Fabe A YRR E ) 22 oy 71|
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YW= flavonoidA|9] 487 A= 11 FF7} thefsh A
Al Yol A <] oJste stelsic}? 71 % delphinidind}t narin-
genin WA E35] & = Qli= Foluh B, A4
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A 2" 24 Fo| 2Hgof PAsHE Aoz deA ek
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LPS2} naringenin 2 delphinidin< Sigma(St. Louis, MO,

USA)A, IL-1B+= R&D system(Wiesbaden-Nordenstadt,
Germany)©°llA, RPMI 1640 medium-& Invitrogen(Carlsbad,
CA, USA), fetal bovine serum(FBS)+= Hyclone Laboratories
(Logan, UT, USA)ollA 7+15}3ith. MUCSAC(MS-145-P1)
UAgHA= Neomarker(Fermont, CA, USA)lIA -5t 2
™, MUC5B(SC-23024) YA}3}A]|, anti—rabbit or anti-mouse
horseradish peroxidase(HRP)-conjugated ©]X}3}A+= Santa
Cruz Biotechnology(Santa Cruz, CA, USA)OIA] Gtola+ict
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Grand Island, NY, USA)E 10 mL A% 3713t 3 95%2]
Abax9} 5%9] olikshekazt SR S wliFrlolA 37T
o] 22 1AFF 30+ &k wigskitt o] % 159 58
Zr= W89 ] W 7S Follo] PBSol ©2 %
200 meshel] Ag] Yoz FEHof go} 3000 rpmol|A] 5871 ¥
A BEs3ict A5-2] PBSE A5k Human Keratinocyte
Growth Supplement(HKGS, Cascade Biologics, Portland,
OR, USA, 5/500 mL of medium)”} &7} EpiLife Medium
(Cascade Biologics, Portland, OR, USA) 6 mL=E Y& & 24-
well plate®]] 1 mLA HEs13c) An|d o2 2o oFL- o
QI3 & 2wttt HKGSE 4713t EpiLife Medium 2 2 vl
AN AE7} 70~80% A% ZAE Aol A&
Ak

Al g|9] HAA |k 9F Al3EF(human pulmonary mu-
coepidermoid carcinoma cell line)@l NCI-H292 A3 (Amer-
ican Type Culture Collection, Manassas, VA, USA)E 6-well
plated]] 1x10° cells/well®] S% 2 HZE3F 3 2 mM L-gluta-
mine, 100 U/mL penicillin, 100 ug/mL streptomycin®} 10%
FBS7} 33 RPMI 1640 vijR| & 0183} 95%2] AF4~2} 5%
9 o} i3t S w7 ]olA 37T 2k = HieFsteick

Anthocyanidin®] B35 gofi 7] QJsljA vieFE v]-&4F
T A= 100 uM =9 naringenin 2 delphinidin,
NCI-H292 Al*Zofl+= 50 uM, 100 uM %=2] naringenin 2
delphinidina A& A §+ & 14|17 Hefl 10 ng/mLe] 1L-1B,
100 ng/mLe] LPSE Z}Z} Fofatin) txat2 U3t A
b E}F iAo A v GG u] Al s22F NCI-H292 A=
0 2 uijeFsielch
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Real-time polymerase chain reaction(PCR) 24
SHAE cDNA 1 uLE tjAke 2 LC Fast Start DNA Master
SYBR Green kit(Roche Applied Science, Mannheim, Ger-
many)E AH8-5t0] real-time PCRE ©]-8-3F A 24} o
3 232 A|H3IL) Real-time PCRS #&5F0] 10 ulL7}
7 2.5 mM2] MgCLe} 2% 5%71 0.5 uMe] 7| primer
= Bojslglon, 25 ng?] RNA 1 uLE o]-&3to] A¢S 43
et F7#0l PCRE Light-Cycler(Roche Applied Science,
Mannheim, Germany) & AFH8-81o] 95T oAl 1027+ ¥1/4d(de-
natur(cltion)iq-X4£ 71X 3L 60Ol Al 527+ AdHannealing)
HES-S- A7l & 7200l A 1027 A% (extension) H--5F AL,
ol2fgt IS 453 WHESIGITE 2t Aol S35 cDNA9
L HE Folslr] 95}te] glyceraldehyde—3-phosphate dehy-
drogenase s Tz —Pr%jx}(internal control) & AF8-3F o,
AFESE primers2] G71AE2 Table 13} At} 520 Hoe
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Table 1. Primers used for polymerase chain reaction amplification

Gene Primer sequence
MUCS5AC  Forward: ATC ACC GAA GGC TGC TTIC TGTC
Reverse: GTT GAT GCT GCA CAC TGT CCA A
MUCS5B Forward: CAC ATC CAC CCTTCC AAC
Reverse: GGC TCATIG TCG CTG
GAPDH Forward: CCT CCA AGG AGT AAG ACC CC

Reverse: AGG GGT CTA CAT GGC AAC TG
GAPDH: glyceraldehyde-3-phosphate dehydrogenase

+ WA= A(melting curve, Roche Applied Science, Mannheim,
Germany)2 AH8-3lo] H71skict,
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Instruments, Winooski, VT, USA)Z 450 nmol|A T3 ==
5% & F2TAE ol-8sto] o] ok ARFStGiTh
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A A= WindowsE SPSS version 10.0(SPSS Inc., Chi-
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Fig. 1. The effects of naringenin and delphinidin on IL-1B-induced
MUC5AC expression. In NCI-H292 cells, real-time PCR showed
attenuation of IL-1B3-induced MUC5AC mRNA expression by pre-
treatment with naringenin (100 uM) and delphinidin (50 uM and
100 pM)(A). ELISA showed that naringenin (100 uM) and delph-
inidin (50 yM and 100 uM) decreased IL-1B-induced MUC5AC
glycoprotein level (B). In cultured nasal polyp epithelial cells, real-
time PCR showed attenuation of IL-1B-induced MUC5AC mRNA
expression only by pretreatment with delphinidin (100 uM)(C). Im-
ages are representative of three separate experiments performed
in triplicate. Bars indicate the mean+SD of three independent ex-
periments performed in triplicate. *p<0.05 compared with zero val-
ue, **p<0.05 compared with IL-1 only. IL-18: interleukin-1(3, PCR:
polymerase chain reaction, ELISA: enzyme-linked immunosorbent
assay.
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@2 delphiniding FoIgt wollA FASH 22 on| QA
a3k o, naringening £oI3F oA WS} QIQich

(Fig. 10).

NCI-H292 M|Z<} v]-& 435 M| Eof| A naringenind}
delphinidin®] IL-1B¢1 ¢J$+ MUC5B & ujx|= 9

NCI-H292 A 0] 4] [L-1p2 4% MUCSBS] mRNA 2
FH-2 naringenin®} delphiniding Fo13t FLol|lA A8 0
2 ofu] QA m5F 7453 o delphiniding Foigt o
A By a0 g AT AALS BAtHFig 2A). NCI-H292
Ao A TL-1B2 F-=5 MUCSB el tha o] AAJEES: nar-
ingenin¥} delphiniding FoI%t oA FAEZH 2 o]
Al B FAaskeith(Fig. 2B). B8 dT Az A IL-1pE
=5 MUC5B9] mRNA &2 naringenin®} delphinidin
= Folgt oA FARH = ofu] QA B Astele
delphiniding Fo{t oA X} gypx o 2 7hie A4
HATH(Fig. 20).

flo

NCI-H292 A|3Z2} v]-§/d= A oA naringeninTt
delphinidin®] LPSo]| 23+ MUC5AC 2o njx|& 93¢

NCI-H292 Ao 4] LPSZ 5-%% MUC5ACS] mRNA
g w} Aol chal o] MAJEES naringenind} delphiniding &
ofgh ojafs BASHH O & olu| QA w5 7hasklrHFig.
3A and B). ]84T A x4 LPSE FEH MUC5ACY
mRNA 92 naringenin?}t delphiniding £0J3F FLof|A] &
T 28kt (Fig. 30).

NCI-H292 A3z 2} H]- A M| Zof| A naringenind}
delphinidin®] LPSe]] ¢J¢t MUC5B &&oj u|x]= J3F

NCI-H292 Ao A LPSZ §-=% MUC5B2] mRNA &
3} Fockalo] MAEES. delphiniding FoI3t oA &
Agtd o g ou] QA 7Ast3ic) Naringenin®] 7Z-$-ofl= 31
S(100 uM)E Folgh oA rastel o, 48750
uM)E Folgh o A= W3kt ¢loich(Fig. 4A and B). H|§
Al Mol A LPSE -5 MUCSBS] mRNA 212 nar-
ingenini} delphiniding Fogh oAl EATAH = ou]
QA E 7451 01 delphiniding Folgt oA ¥t &
Ao g 7Hag A4S BYrh(Fig. 40).
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Fig. 2. The effects of naringenin and delphinidin on IL-183-induced
MUCS5B expression. In NCI-H292 cells, real-time PCR showed at-
tenuation of IL-1B-induced MUC5B mRNA expression by pretreat-
ment with naringenin and delphinidin in all concentrations (A). ELI-
SA showed that naringenin and delphinidin significantly decreased
IL-1B-induced MUCS5B glycoprotein level in all concentrations (B).
In cultured nasal polyp epithelial cells, real-time PCR showed atten-
uation of IL-1B-induced MUC5B mRNA expression by pretreatment
with naringenin (100 uM) and delphinidin (100 uM)(C). Images are
representative of three separate experiments performed in tripli-
cate. Bars indicate the mean=*SD of three independent experi-
ments performed in triplicate. *p<0.05 compared with zero value,
**p<0.05 compared with IL-18 only. IL-1(: interleukin-18, PCR: poly-
merase chain reaction, ELISA: enzyme-linked immunosorbent assay.
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Fig. 3. The effects of naringenin and delphinidin on LPS-induced
MUC5AC expression. In NCI-H292 cells, real-time PCR showed at-
tenuation of LPS-induced MUC5AC mRNA expression by pretreat-
ment with naringenin and delphinidin in all concentrations (A). ELI-
SA showed that naringenin and delphinidin significantly decreased
LPS-induced MUC5AC glycoprotein level in all concentrations (B).
In cultured nasal polyp epithelial cells, real-time PCR showed atten-
uation of LPS-induced MUC5AC mRNA expression by pretreatment
with naringenin (100 uM) and delphinidin (100 uM)(C). Images are
representative of three separate experiments performed in tripli-
cate. Bars indicate the mean=SD of three independent experiments
performed in triplicate. *p<0.05 compared with zero value, **p<0.05
compared with LPS only. LPS: lipopolysaccharide, ELISA: enzyme-
linked immunosorbent assay, PCR: polymerase chain reaction.
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Fig. 4. The effects of naringenin and delphinidin on LPS-induced
MUCS5B expression. In NCI-H292 cells, real-time PCR showed
significant attenuation of LPS-induced MUC5B mRNA expression
by pretreatment with naringenin (100 uM) and delphinidin (50 uM
and 100 uM)(A). ELISA showed that naringenin (100 uM) and del-
phinidin (50 yM and 100 uM) decreased LPS-induced MUC5B
glycoprotein level (B). In cultured nasal polyp epithelial cells, real-
time PCR showed attenuation of LPS-induced MUC5B mRNA
expression by pretreatment with naringenin (100 uM) and delph-
inidin (100 uM)(C). Images are representative of three separate
experiments performed in triplicate. Bars indicate the mean +SD of
three independent experiments performed in triplicate. *p<0.05
compared with zero value, **p<0.05 compared with LPS only. LPS:
lipopolysaccharide, PCR: polymerase chain reaction, ELISA: en-
zyme-linked immunosorbent assay.
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o] 7As}2hg-& ARAZ 4= Qdrkar B E e E3F del-
phinidin®] HJ2ZA}AH] 7] el hofate] Ay detot izt
ool A Ftavhe kil B Egict”

Naringenin< delphinidin®} 37 8 anthocyanidin®. &
—E‘X]'/*\ﬂ]% Clsleoso]—ﬂ, ‘%E}iio]gg‘] ?j_]%‘?l ‘%E}H}l&(ﬂa-
vanone) FHRA|RA] EEQL Q3R] {A} 5-2] FrETrol B
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sl giAL 7, WA AR 2 Sof| Anp) Qo
Z|- 215 Atof| A= naringenin®] THAA A1 2] nuclear
factor-kappa Bell gt &A1 2H8-& Faf gl 27]4 H3tke
ABAR 7H5Ado] FeiAl Qe SRRk naringenin} del-
phinidin®] $&7| A A| 2L o] ol Enlof ot JgF-S 1]
A=Al tigh A= oFH 7] el BaiE vzt gloich
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A4S 2 delphinidinef] &J8f] IL-1p2} LPSZ =% MUC5AC
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