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Effect of Naenghyo-hwan on Secretion of Airway Mucin and
Contractility of Tracheal Smooth Muscle
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Objectives : In the present study, the author investigated whether Naenghyo-hwan(NHH) significantly affect mucin
secretion from airway epithelial cells.

Methods : Confluent hamster tracheal surface epithelial (HTSE) cells were metabolically radiolabeled with
3H-glucosamine for 24 hrs and chased for 30 min in the presence of NHH to assess the effect of the agent on
3H-mucin secretion. Total elutionprofiles of control spent media and treatment sample through Sepharose CL-4B
column were analysed. Effect of NHH on contractility of isolated tracheal smooth muscle was investigated. Also,
effect of the agent on MUCSAC gene expression in cultured NCI-H292cells was investigated. Possible cytotoxicities
of the agent were assessed by measuring both lactate dehydrogenase (LDH) release from HTSE cells and examining
the rate of survival and proliferation of NCI-H292 cells.

Results : NHH significantly increased mucin secretion from cultured HTSE cells, with significant cytotoxicity. NHH
chiefly affected the 'mucin’ secretion. NHH inhibited ACh-induced contraction of isolated tracheal smooth muscle.
NHH disturbed both the extraction of total RNA from NCI-H292 cells and polymerase chain reaction, nonspecifically.
Therefore, in this experiment, theeffect of NHH on the expression levels of MUC SAC gene in cultured NCI-H292
cells could not be elucidated.

Conclusions : The author suggests that the effect of NHH with their components should be further investigated
and it is valuable to find, from oriental medical prescriptions, novel agents which might regulate mucin secretion from
airway epithelial cells.

Key Words : airway, mucin, Naenghyo~hwan (NHH), MUCSAC mRNA, tracheal smooth muscle
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Table 1. Prescription of Naenghyo-hwan {NHH)

=0t 9] 20l ; Aol 58] B 2u)g) 71X HEZd viAle 4% (315)

ngel] ARSEl et ARlete] A
Betuat dapeF 2
7] % A5)(hamster tracheal surface epithelial, ©]3}
HISEAIEE olgal] 7l 24 % A4, 257
BAle] gAAIl MUCSAC mRNAS] 23, H&d
7] 7|12 BEae £33 2 XS 5% 243
A3}, 7o) AL A7) Bashe Hiojrh

pemie) i

Mzet 4

1. M=

D EE

datet 7|FEH M E(hamster tracheal
surface epithelial cells)E A7) 943td™'? FH 9
24 Golden Syrian 3 2E| ¢} 713 HEZE A7)
95le] WA 7l E(albino rabbi)s HEFE AE
AFEAA A FFEE T ARG
) kA
£ Age MG e tiddig 745 iy

N

FEE EEE 730
it Ephedrae Herba 4.0
N5 Aconiti Radix 40
o Asari Herba Cum Radice 4.0
I Zanthoxyli Fructus 4.0
B #® Alumen 4.0
=R Gleditsiae Fructus 4.0
4 g Pinelliae Rhizoma 4.0
M R Arisaematis Rhzoma 4.0
& = Armeniacae Semen 4.0
oy Glycyrrhizae Radix 4.0
£ Astris Radix 8.0
REAE Farfarae Flos 8.0
£ B Zingiberis Rhizoma 8.0
Total Amount 64.0
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Aol 90e 2E Bzl ARl om At A
W8t 18G9 S5 27} thaat Zti(Table 1)

3) AlgAZ

AHEANHE)Y FAGEL dddgda F453
W9 oA A M FFol, GREEM) Vo 71
AE Ao 1102 ZASAch F M EF
800 m¢e] ozt FHFE slsta 100CE 7H2€
e A 3213 Fet MFEte, 80 me] BAE
FASNAE 74 BYE AL FEZ YYT F, 2
T AR T= YollA 022 i filterE ©]-&, 93
gt 4T WgaelA BEE7|d Easte] ALS
.

4 A

Pronase (Type XIV), insulin, transferrin, epidermal
growth factor, hydrocortisone, sodium selenite,
testicular hyaluronidase (Type VI-S), retinoic acid,
gentamicin, sodium dodecyl sulfate, Sepharose CL4B,
ethidium bromide, trichloroacetic acid (TCA),
Sulforhodamine B (SRB), Trizma base & SigmaAt
(USA)9l|A, penicillin-G, streptomycin, Joklik-modified
Minimal Essential Medium (S-MEM), Dulbecco's
Modified Eagle's Medium (DME), fetal bovine serum
(FBS), Medium 199 (M199)= GIBCO-BRLA} (USA)
o|4], Easy-Blue RNA extraction kit INTRON
biotechnologyA} (Korea)oll M, Accuprep RT premix kit
<} Accuprep PCR premix kit BioneerAt (Korea)©llA],
[63H] glucosamine (39.2 Ci/mmol) AmershamA}
(USA)IA, type T collagen RegenmedA} (Korea)o]
A], LDH assay kit (LDH-LQ): Asan Pharmaceutical At
(Korea)ollXl, sodium acetate -2} 71E} UxrA|tE
& reagent grade ©1’39 AEEL FY3tA AH&3}
don, A AHEE B2 gol& 23 FRFE
A&t
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() 71#%E FeAxe] 23 2w

F2E9] 71REH AT Eelot el F
48 A8 Kim T7'99 W& ARtk Al
FE2 37T incubatord] A 1-3€37F wjekg Fo
32C incubator2 A Bl F3ich wjgd wA =,
wiek WAl 3 A 1, 3, 5, 79 72 Al@Ekdch

) FA9 thAlE WAPA - F 2] (radiolabeling)

Kim %98 ol g3igiet), MiAE o) 7
Ale, Ad4dt vdAFEQ24 well plate, 5x105 cells/
well)ell, 10 pCi/mée] [6-3H] glucosamine (39.2 Ci/m
no, New England neuclear)S 3hdhs Shaujede)
[insulin(5 pgmd), transferrin(5 pgmf), epidermal growth
factor(12.5 ng/mf), hydrocortisone (0.1 M), sodium
selenite(0.01 1M), fetal bovine serum(5%, V/V, ©|3}
FBS), retinoic acid(0.1 M), penicillin G(100 U/md),
streptomycin(100 xgmf), gentamicin(50 pgmf)e] 7}t
H Dulbecco's Modified Eagle's Medium(DME)¥}
Medium 199(M199)2] 1:1 &g ¥]5A]E wellF 200
w8 7Yk 32°CollA 24417F Bt wjkelAl AR
FA](metabolic radiolabeling)3FAT}.

(3) %= A

2427t Fote] tiAbA WA BX)7F 92 &
Hj) kol (pretreatment sample; PT sample)2 573}
Ttk wiFA Eol| welld 0.5 me] Dulbecco's
Cat+, Mg+ free PBS(phosphate- buffered saline)
g 7ista AAgte 23S 23] wEteRA o)
FATY AL T AAG H, AR FEE 10,
20, 40, 80 wE H3k= PBS 200 wE 77
wellnke} 7kl 32°CollA 3087t wiFstsich. 30
2] ko] B F ¥-EAE FA3l treatment
sample(T sample)E Ao3tEth. FAHE =E&
sampleS-2 YA R8sl F-RAEL 7[ElE ZAL
E AAs L, 50 we] FeHL ANGFLEL
g4 Z(LDH activity assay)S $13] WE HolF
T Uzl A 7l 3EE 34T g
70Tl BE AFSAT
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2) Sepharose CL-4B column< &3 WA &

ol:)\ol _H‘L_}H

glycoconjugate S

HFAE Fo FAL, A& vl FAE(24 well
plate, 5x105 cells/well)oll, 10 pCi/méS] [6-3H]
glucosamines sl FANFAS wellD
200 p0# 7FakiL 32°ColA 24A3F T WgEL
A AP EA SR, AN FA7E ¢EE
% spent mediume A3 Wz EHE FAUTCH
Bl FA Xl welld 0.5 me] PBSE 7Feti A3
e 23& 23] wHESgo 2N wjEAEY AL
g AAT | H4F FEE 10, 20, 30, 40, 50,
60 & FH3te PBS 200 & wellvtt} 71stn
32TAA 3083t wigeiiet 3089 wige] &
o H wkg 3t +Ad

€ T sampleS-2 YA 28t FF/A X, 7]E}
AHE AABER, EolZ]l T samples 1.0x50 cm
Z 9] sepharose CL-4B columnel Z-83}it}.
g9 &32 035 mZE 2 FAlo] EEHE
void volume¥ gt o1z} included VolumeJ% total
bed volumeo] £&E w7z & stk
Z} B8 scintillation cocktail 73.7}15} = A
AF AFNE ol &, WA FHE S8k o
Z sample?} T samples 4oz, 74 9 18
o} Aol 2k, EAE e dduAE9]

AA £2%E MXE dFS vmagnt>?,

ol
o rir

fl

A(T sample)s 5~

e AL l~ﬂ

3) A& 7% HEE 2 53

AT 1.5 ke FES] 7173e 94 7FE(Albino
rabbit) & ©|AISRALE o] 83t AAAAT T
A 717 AAE %6}04 Tyrode A0 2 A

Z
A3, 79 24€ 2500 ARG 7]
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g ke W R ARse 7% AF 35S
EEote 71ET a*-?_ 25 Aztetsit ol %A
dolzl FE-E Tyrode Bl E°I3E chamber

(Magnus “g=3])9] st 1732 3L isometric
transducer®] A2, physiographE °|&, F5 A%
g 233t 7@ HEo) 5g9] resting tensions
7V, 37°C, Ak FF StollA o 1A1RE Bt 15
2 Aoz AHIEA HFSAZT o] EE
I ZAlE acetylcholme £ 1x10-4 gmlE F
o3l H3 FEEE FHT o, /‘1]711'5‘]'57_, 15
£ A °km°ﬂ g 71# £5 9A
FHYIH HEE ol &) L, Magnus B
2o &7 Tyrode solution 50 m{ & Z WA &
9 50-500 wWE Fodtm, SEL AT b
acetylcholine €9 1x10-4 g/ml< Foste, 7 <
B8 Fd3l7] A acetylcholine BEFdol 2t
FEEo vmgozN APt

4) RT-PCR

(1) RNAS] &7

Az7re] Mg AEFQ NCI-H292 A Lol A]
total RNAE 2|81} INTRON biotechnology
AFe] Easy-Blue RNA extraction kit (total RNA
isolation reagent)E ©|-&3tATh =, W€ NCI-
H292 A Zof & FE9 10 T Fiote &4
vkl 200 uE wellvleh 7FehaL, 32°CollA 244
et A o, W4 PBSE 33 AlHet
At} ©]o]A, total RNA isolation reagentE ©]-&
3 MEE lysisAl7]z, A HAS 3] 23
7] 3l A2eA 583 wAEAT 5
2], microtube®l] chloroform& A7},
vortexingdlal 2ol 2-3—‘?‘7]' H-x] 5t
12,000 rpm oAl 2083t YA &2 st A
AL Al microtubedl| & 13]—, Azl =
@7]’5]'0:] zal o &l
pmell A 15
]
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5 diethylpyrocarbonate (DEPC)7} ¥ 80%
ethanol < 7133l 4T, 7,500 rpmolA 583 &
AEggozH At £4%E RNA 4=
< 7] FollA 7ZAIZ] ¥, RNase-free water=
HE-HA17]41, spectrophotometer (DU-650)F A&
stel 260 nm BN FREE FHTOEA
RNAS| TEE %ohfio] ARl ARSI (1.0A260
=single strand RNA 40 rg/md)'”.

(2) Primer A&

PCRe]| A2 primers HF A Z3|AQI A
(@l FE, Fds. MUC 5ACe] +AA
AL A3 AHST sense primer®] H7|IAMEL
5-TCC GGC CTC ATC TTC TCC-3', antisense
primer®] €7|M YL 5-GTC CGG CCT CTC
CAA TCG-3'0]H, o] primerel] 23] ¥ PCR
AHE9] A7) 500 bpSAtt. B-actin AR A
S 93l A18% sense primerd] PIIMEL
5-TAC AAC GAG CTG CGT GTG GCC-3 ' ]
3L, antisense primer= 5'-CAA CGG AAC CGC
CTC GTT GC-3 ' ©]9 o] primer7} EH o2 3}
£ DNA Z7]= 500 bpith

(3) RT-PCR

+A49 total RNAE ©]&, FAAL ¥ES- (reverse
transcription; RT)2.2 cDNAE TEZL, o8& F
gaa Af9rS  (polymerase chain reaction;
PCR)C.Z FEZAIZth & LA total RNA 1 pg
S 94CAA 587 719 e 24 denaturationA]
7131, o]& g @7 §9AIZ] F RT premix
kite] AREAE Ao wat G} S Y
AlZth. MUC SAC R3Ael g S3E5 94
YES(PCR)E, %A WEgellM &2 cDNA &
2 40Z PCR premix kit9] AMHg-AF AmAjol| wle}
APA A FENES sk, PCRE 303 4
A8l e, denaturatione 94°CollA 30%, annealing
& 55CAA 3032, extensione 72°ColA 30x3t
7}7t A3ttt
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RNAS] GAA}L ukg 2 F3Ha 4 AHnhg
ZZE cDNA FEES AVYF2 3
A MUC 5AC 379 4 Aol Mes #2
stk &, FEZ® PCR A& 10 wE 10xgel
loading buffer (0.25% bromphenol blue, 0.25%
xylene cyanol FF, 50% glycerol)9} & &3t o
<, Tris-acetate-EDTA buffer (40 mM Tris-
acetate, ] mM EDTA)S9Y 2 1 pg/mi2 ethidium
bromide”} ¥3HE 1.0% agarose gelol|lA] A7
FoHAT. Gel AollM o]Fd Z22] DNA band
= A9H FA] (ultraviolet transilluminator) S
o] &3t FAet:, AR #FY3HAT

8) Aat B4R ¥4 S7Y(LDH activity assay)

WAL Fo] FAlL, o A& wlFA E(Q24
well plate, 5%105 cells/well)ell, 10 pCi/mé<] [6-3H]
glucosamines FH3le HAMYAS  welld
200 A 7Fsla 32°Coll A 24413 Bt vjetdte
2 Ak BA 83, WA ZA7 AR
% spent medium FA3| FATE v A Lo
welld 0.5 mf9] PBSE 7}stn Al Hste 234-E 2
3 wiEgtogx wWEARY] A T AAR
5, 24 A0 HF F2E 1080 B Ffrote
PBS 200 403 Zt7} wellvlt} 71skar 32°CA 30
2 ujekstai 3029 wige] ¥ H v
(T sample)S FAINARLE FAR EE sample &
2 ARGt EHAEe 7Er FAAE A A
i, 50 e B AAEFLTL BHSE
(LDH activity assay)°] AF&-3ltl. LDH 243%
© LDH assay kitZ o]-&ateH*'.

9) NCI-H292 A Ee] AE U F2]d njA]& o

o 2%

96 well plate®] Z+ wellell 104709] NCI-H292
cellS aHrdh= vl 180 wE 7Bl 37T, 5%
CO2 ZA] slollA 24A)7 vl k3Tt 2413 v
F NHH F%E< 7217 20 w/PBS 200 4, 2 h



/PBS 200 1, 0.2 pl/PBS 200 x02] F=Z v FA
9] wellnlc}h 7F8a 48417 B9t Fl2 wjks
Ak ekl @7 3, W2 50% trichloroacetic
acid (TCA) 50 = Z} wellell M43 718 F=Ach

08 3ol 4T =79 WAzl A 1M T

E"ol AXEL AN 2, 3F0] g8H T 2
wello]l ZAI3= A HBES AT S
Zof| well B 250 w2l FFHTE ol &, 53] o] A
2t olZA Fn|E A Ed, acetic acidl]
3= 0.4% SRB &4 100 pliwellS 718kaL 420
A 458 B¢ A&, AR suction F 100 4
9] 1% acetic acid® ©|8, 53] oI’3 AIHT F A
EES AZANAT 7 well B 150 4££9] 10 mM
unbuffered Tris&% o2 SRBE 2 i &, &
SHEA 27 AR (microplate reader)E 540 nmollA|
7t welle] E2=2 FFAA.

10) EAA

Z3 A7E meantSEMOZ AlAMg & k&
Aol A 2T Y HEEE v
ebict. A4 2]l E unpaired Student's t-test= 3}
dow, p<0.05% -5l BAHLE Fo)ido] A
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% OFAP
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= 32 Fale] Bule] GE Fol, NG ¥
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Fig. 1. Effect of NHH on mucin release from cultured HTSE cells.
Confluent HTSE cells were metabolically radiolabeled with 3H-glucosamine for 24 hrs and chased for 30
min in the presence of varying concentrations of NHH extract and the amount of 3H-mucins in the spent
media was measured. Each bar represents a mean+S.E.M. from 4 culture wells.

» significantly different from control(p<0.05).

59



(320) WI33eIetE] A A28 A2E (20079 6Y)

200007 | —a— control
) A NHH
S
g 15000
=2
@
jun
z 10000
o
%
@
& 5000
3
A
0 I Hon

10 20 30 40 50 60

Fig. 2. Effect of NHH on total elution profile of treatment sample through sepharose CL-4B column.
Confluent HTSE cells were metabolically radiclabeled with 3H-glucosamine for 24 hrs and chased for 30
min in the presence of JHT 80 #4/PBS2004¢ and total elution profiles of control spent media and treatment
sample through Sepharose CL-4B column were analysed, as described in Materials and Methods.
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4, MUC 5AC mRNA 23 ~Z0fl 0|X|l= &
NCI-H292 A EoAM EF7] F4l9| T:HEA
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< total RNA®] & o+ 31 PCR W& 73 % BIEEHE 0.2 /2004t PBSS] Fo] FEZ 48

of gt 91 o9 A G52 e 24 Al Az B9k =S W), NCI-H292 A X9 A&
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Fig. 3. Effect of NHH on contractility of isolated tracheal smooth muscle.
Isolated tracheal smooth muscle of rabbit was prepared and effect of NHH extract on
acetylcholine-induced contraction was measured as described in materials and methods. (Ach ;

acetylcholine)
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EGF 25 ng/mé

Fig. 4. Effect of NHH on MUC5AC gene expression in cultured NCI-H292 cells.
NCI-H292 cells were incubated with the indicated concentration of NHH for 24 hrs. Total RNA was isolated
and MUCSAC mRNA levels were analyzed by RT-PCR. The PCR products were separated on 1.0%
agarose gel and stained with ethidium bromide, as described in Materials and Methods. (cont ; negative
control, EGF ; positive control that enhance MUC5AC gene expression)
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Concentrations {1 / 200u| PBS)

Fig. 5. Effect of NHH on LDH release from cultured HTSE cells.
Confluent HTSE cells were treated with varying concentrations of NHH extract for 30 min and supermatants
were collected for LDH activity assay at the end of the treatment. Each bar represents a mean+S.EM.

from 4 culture wells.
= significantly different from control(p<0.05).
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Fig. 6. Effect of NHH on survival and proliferation of NCI-H292 cells.
NCI-H292 cells were treated with 0.2 ¢ NHH extract/2004¢ PBS for 48 hrs. The number of cells survived
was counted, as described in materials and methods.*: significantly different from control(p<0.05).
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