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( Abstract )

Effect of Haepyoijin-tang on Airway Mucin Secretion, Production,
Gene Expression and Hypersecretion of Mucus

Suk Yun Hee - Min Sang Yeon - Kim Jang Hyun
Department of Pediatrics, College of Oriental Medicine, Dongguk University

Objectives
In this study, effects of haepyoijintang (HIJ) on the increase in airway epithelial mucosubstances of rats and ATP-, PMA-,
EGEF- or TNF-0-induced MUCSAC mucin production and gene expression from human airway epithelial cells were investigated.

Methods

Hypersecretion of airway mucus was induced by exposure of rats to SO, during 3 weeks. Effect of orally-administered
HIJ during 2 weeks on increase in airway epithelial mucosubstances from tracheal goblet cells of rats was evaluated
using histopathological analysis after staining the epithelial tissue with PAS-alcian blue. Possible cytotoxicity of HIJ
was evaluated by examining the potential damage of kidney and liver functions by measuring serum GOT/GPT activities
and serum BUN and creatinine concentrations of rats and the body weight gain during experiment, after administering
HIJ orally. At the same time, the effect of HIJ on ATP-, PMA-, EGF- or TNF-a-induced MUCSAC mucin production
and gene expression from human airway epithelial cells (NCI-H292) were investigated. Confluent NCI-H292 cells
were pretreated for 30 min in the presence of HIJ and treated with ATP (200 uM), PMA (10 ng/ml), EGF (25
ng/ml) or TNF-a (0.2 nM) for 24 hrs, to evaluate the effect of HIJ both on ATP-, PMA-, EGF- or TNF-a-induced
MUCSAC mucin production using enzyme-linked immunosorbent assay (ELISA) and on gene expression by the same
inducers using reverse transcription-polymerase chain reaction (RT-PCR).

Results

(1) HIJ decreased the amount of intraepithelial mucosubstances of trachea of rats. (2) HIJ did not show renal
and hepatic toxicities and did not affect body weight gain of rats during experiment. (3) HIJ significantly inhibited
ATP-, PMA-, EGF-, and TNF-a-induced MUC5AC mucin productions from NCI-H292 cells. (4) HIJ significantly
inhibited ATP-, PMA-, EGF-, and TNF-a-induced MUC5AC mucin gene expression from NCI-H292 cells.

Conclusions

The result from the present study suggests that HIJ might control the production and gene expression of airway mucin
observed in various respiratory diseases accompanied by mucus hypersecretion and do not show in vivo toxicity to liver
and kidney functions after oral administration. Effect of HIJ with their diverse components should be further investigated
using animal experimental models that can reflect the pathophysiology of airway diseases through future studies.
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II. Materials and methods

1. M=

) &

5% 2] Sprague-Dawley (SD) /3 3F (dghito]
H3(F), Kyung-gi, Korea)E 397F AT 2ol A
T3 F Aol ARSI

2) YA Z
NCI-H292 M|¥+=
A} (Manassas, VA, U.S.A)IA FU3st] ARE-SISITH

American Type Culture Collection

3) osz

fip 2 —BiYs (o13F HI)2l 43 ke Mg,
o 7159 nlol] F3t, F=Tist <&
A A 2A|, Farrol ARgSketh Hd 249
4L T3 ) (Table 1).
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5) Aok

Easy-Blue RNA extraction kit¥= INTRON bio-
technology A} (Kyung-gi, Korea)?ll 41, Accuprep RT premix
kit2} Accuprep PCR premix kiti= BioneerAl (Daejeon, Korea)
ol 4], Protease inhibitor cocktail<> RocheA} (Indianapolis,
IN, US.A)°NA, Mouse anti-MUCSAC clone 45M1 2
HRP-Goat Anti-Mouse IgG Conjugate NeoMarkersA}
(Freemont, CA, US.A.)0l1A, ethidium bromide, trypsin-EDTA,
epidermal growth factor (EGF), formaldehyde, alcian blue,
periodic acid-schiff (PAS), tumor necrosis factor-a. (TNF-a),
Tween 20, bovine serum albumin (BSA), HEPES, dimethyl
sulfoxide (DMSO), diethylpyrocarbonate (DEPC), 3,3',5,5'-
tetramethyl- benzidine peroxide solution (TMB), Trizma base,
NP-40, EDTA, EGTA, Phorbol 12-Myristate 13-Acetate
(PMA) 52 SigmaAl (St. Louis, Mo., US.A.)IA, penicillin-G,
streptomycin, fetal bovine serum (FBS), RPMI 1640-
GIBCO-BRLA} (Grand Island, New York, U.S.A.)°ll4
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Table 1. Prescription of Haepyoijin—tang (HIJ)
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Herbal name Pharmaceutical name Amount (g)
£E Pinellia Rbizoma 8.0
5953 Citri Pericarpinm 4.0

IRIRES Poria 4.0
HE Glycyrrhizae Radix 2.0
=3 Perilla Herba 2.0
S Ephedra Herba 2.0
™M= Armeniacae Amarum Semen 2.0

KA Morus Cortex 2.0
S Asteris Radix 20
HRE Fritillaria ‘Thunbergii Bulbus 2.0
TS Platycodi Radlix 2.0
o Zingiberis Rhbizoma Crudus 3.0

Total amount

35.0
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WA & 2= GOT (Glutamate Oxaloacetate Transaminase)
+ L-Asparatate®} a-ketoglutarates oxaloacetate 2}
L-Glutamate = Z$HA|7]=t)] ©] uf AJJ% oxaloacetate
+ reduced nicotinamide adenine dinucleotide (NADH)
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medium) O = v FH MEE AH3IATE AH g A2
ol HIJ =& 27} s, 10, 20 wBS SH-ah= vk
200 (' 24 well plaes 7152 E 7t wellPIC} 713},
30 $ ATP 200 uM 5+ PMA 10 ng/ml 5= EGF
25 ng/ml B TNF-a 0.2 nMS 7 wellP}t} £o3h &
o 37 CollA 24X F<F vl sttt

8) NCI-H292 A|3Z oA MUC5AC Al AAH =4

24417k wjko] TRE Foll AlE 38
(20 mM Tris, 0.5% NP-40, 250 mM NaCl, 3 mM EDTA,
3 mM EGTA, protease inhibitor cocktail) S 7}3l A|E
ol EAsh= MUCSAC FAls F=3) AH8stith
= AE &3] =Y (cell lysate)% PBSE 1/104] 3]4
sto] 3]AE 7} samples ELISA %8 96 well plate?l]
ZFZF 100 WA FEEAF|AL 42 Collx] 8] x4
w7}A] incubationSFATE. Th3-© = PBS-Tween 20 (0.05
%, PBS-T) & 200 liwell-& 0|83l well T 27} 33]
2 A3 & pBS-TO 83 2% BSA &< 200 ulE
ZF welloll 7181 TRA] 14131 5<F incubationSF5ATE 1 $-
PBS-T 200 pl= 33]% AJ&3}aL 29 BSA] MUCSAC
2] monoclonal antibody$] mouse anti-MUCSAC clone
45SM1E 1: 2002] BI&Z 34314 7} welld 100 04
7¥ske 1 A1 B2 incubationdFTE 1 & PBS-TZE 33
MAg T 2} A9 Horse radish peroxidase (HRP)-
goat anti-mouse IgG conjugateE 2% BSA®Il 1: 3,0002]
HIEE 343] 2t well'd 100 w02 H7F8EAL 1413F
59} incubationd}ATE PBS-TZE THA| 33] AlA3E &
TMB &9 100 wE 7t welloll 718t 5 F NH,S04
50 s A7l Hke= FAAFT 450 nmoll A 2} well
ol FEEE Al dxxdt o= A e
MUCSACE “g%sto] Hlmshaley>>

9) NCI-H292 A|Z o] ZAI31= total RNAS] 2]
24A7F BRE oF=S AEd MEE WA PBSE
23] A HF T orypsin-EDTA £H 0 & A g]ate] njjok
|7] Aoz RE 3t & S4ES 15 ml 89
microtube®ll &7 A4 Eelste] AEZET AT
Total RNAE £&3}7] 93l Easy-Blue RNA ex-
traction kit (total RNA isolation reagent. INTRON bio-
technologyAD-S ©]-83l (0.5 ml/4x10° cells) A|3EE lysis
A7, gl & AISEH v2 microtubel]

chloroforme #7185} 1523} vortexing3FaL /-2l 2-3 &

ZHHEA] & 4 C, 13,000 rpm (Hanil centrifuge, MICRO
R)°IA 1083t A EEsiA D2 &S 400 ul
£ N2 microtube®l] $713L 552 isopropanolS 7}
sto] 2 SRRt § d2ollA 108 F<F RISkl TA
4 C, 13,000 rpmOllA 10837 YA E2ls) RNA FA
ES At} o] R E9 diethylpyrocatbonate (DEPC)7 |
SHTE 75% ethanol= 7181 4 C, 10,000 rpm®l|A] 10
B3 A4 2, AlAEsk

T RNA JAES 52 F¢ 371 FoA A=
3+ 3 20 402] RNase-free water™ F-A7]13L UV-
spectrophotometer (Beckman, DU-650)E A&, 260 nm
A FREE SAS] RNAG 55 SAT
3 (1.0 Aggo=single strand RNA 40 ug/ml) o]& g
AR TR,

—_

-

10) Polymerase Chain Reaction (PCR)<S 3%t
primer A|Z

PCRO| ARE3F primer= it AZIJAR] Genotec
(F7) (Daejeon, Korea)®ll T3l F/d3+ATE NCI-H292
A2l A human MUCSAC 77 43S f1sl ARE-3H
sense primer®] @714 E-2 5-TGA TCA TCC AGC
AGC AGG GCT-3', antisense primer2] @7]4<E
5-CCG AGC TCA GAG GAC ATA TGG G-3'0|H, o]
primer®l] 2J3l F4E PCR 4H=2] =7]= 500 bpSiTh

AH2 vz FAAZ AHEE RigS1s AL pri-
mer2] F71AEL sense primer/} 5'-TTC CGC AAG
TTC ACC TAC C-3' ¥ antisense primer”} 5'-CGG GCC
GGC CAT GCT TTA CG-3'°]H ©] primer?] 33|
DNA Z7|&= 361 bpXiTh

11) RNAS] QA 2 F3ta s daukg- (RT-PCR)

T A% total RNAS o] &3] IGHA HHE- (Reverse
Transcription, RT)2.Z (DNAE THE0] ©]& PCRZ
SEZANZTE A& total RNA 1 pg& 5E3F75 CollA
7}k denaturationA 7] G20 D7F EEAIA RT
premix kic® AW Aol we} JHAA WS Y
ANZ: ZAze] AL HRgolM B2 DNA e 2wl &
], PCR premix kit2] AEA]e] m} MUCSAC 4}
o thak PCRE WHAZ PCRE SFH--S 3]
403] AAISHH O (PCR thermal cycler, Takara MP-300,
Japan), denaturation< 94 COllA], annealing< 60 Cell
A, extension 72 ColA Z42b 3027t Ald¥stSTt.
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Sulfur Dioxide Exposure

HIJ + Sulfur Dioxide Exposure

Fig. 1. Effect of HIJ on intraepithelial mucosubstances in trachea of rats exposed to sulfur dioxide

Rats were exposed to sulfur dioxide and effect of orally-administered HIJ extract on intraepithelial mucosubstances was investigated as described

in Materials and Methods (zoom ; 200 X)

(Hematoxylin-eosin and Periodic Acid Schiff (PAS)-Alcian Blue staining, Dark purple - black ; Mucin)

12) A7]Q950l 3t FHAEL AHTHE AHE] I

271952 = RNAS| RT-PCRE FE% DNA 4F
=5 Zedt] MUCSAC #32 Bd W58 ek
t} & ZZ3 PCR AHE 10 ulZ 10 x gel loading buf-
fer (0.25% bromphenol blue, 0.25% xylene cyanol FF,
50% glycerol)ﬂ' z &3lol 1:]"3—, Tris-acetate-EDTA
buffer (40mM Tris-acetate, 1 mM EDTA)S 2 1 pg
ml2] ethidium bromide”} 3E& 1.0% agarose gel 4]
7] GESIAT Gel ol o= |4d 2l
DNA bandt AFJA BEAP] (ultraviolet transilluminator)

2 olgs) B BYART.

13) SAAE

BE 34 A¥= Mean = SEM.OE 3HIEHAL oF
= Ao %’“i]‘:* iz S0 W= et
Wk SAIA T 159 75 Student's t-test =,
2 159 78‘—01‘ One-way ANOVAZ. 392, post-hoc
test 2= Holm-Sidak testZ AAISFH L, p<0.05% 4%
MM TAA Feldol Ae A= AAHSATH

III. Results

0| HHAMIZ LY EoH

5357 I M EZ hematoxylin-eosin 23} PAS-
alcian blue FAS A3 & 338 FHu|g oz Azl

Az} o)2k3lato] 35 et wE:H 3F 2 73w
E Yol HdEepo R dalE FAle] o] F7ls|of
JEd s, oliEldel 153 & F 23 FES T
Aol Fofgh FHoll A= HAIE <bol] EAjehs FAle

she 4TS BTt mEkA HyE 2
oA olxkElgto g fkEl 55 7] Ay wiAHAIE )
o] MY 43F ZHE Ak FEFE YeERT
(Fig. 1).

ol g

2. HUQ| ZTE07t 2lFlel MS

3710 A AR 7IRE BRF i) oFE Foldt
o] ARTES] AT Wsts A 2 FoI3 Aol
7} UERA] gdot Hy7F A E5E2] AL delet F¢
Aol frofd 545 ek des gRlEit
(Fig. 2).

S7t=0f 0jxl= g

3. HUQ| ZTE07E iFl0] 2t 7150 Olxks 3
F 3t oFE ATES F 2T o Roizel
GOT, GPT®] 8% 5 2L 243 A3} fol3 2ol
2 Rolx| &o} HJ7} AFFENA EAE FU8)
A s FASAH Fig. 3).

rlow

4. HUQ| ZFE0{7t elFe| A 7|50l n|xl= Bt

277 e oFE 4T7ES] 3 BUN ¥ creatinine] &
A T s AT A, oFE Ttz el
F12 Hol7} 1ol 2o} Y7k ABFEAA A 5
e A BeS HAFAT (Fig. 4).
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100
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o

Body weight gain (% control)

o

cont HIJ
Treatment

Fig 2. Effect of HIJ on body weight gain of rat after oral administration

HIJ was administered to rats during 2 weeks and body weight of each rat in control group and HIJ administration group was measured, as described
in Materials and Methods. Each bar represents a mean = SEM. from 5 rats.

150

Hepatic toxicity — AST(GOT)
ALT(GPT)

100 ¢

50 ¢

Serum transaminase acitivity [% control)

HIJ
Treatment

Fig 3. Effect of HIJ on serum GOT and GPT activities of rat

HIJ extract (2 ml/day/rat) was administered to rats during 2 weeks and serum GOT and GPT activities of each rat was measured, as described
in Materials and Methods. Each bar represents a mean + SE.M. from 5 rats.

150

Renal toxicity — BUN

Creatinine

100 ¢

50 ¢

Serum concentration [mg/dl) (% control)

Treatment

Fig 4. Effect of HIJ on serum BUN and creatinine concentrations of rat

HIJ extract (2 ml/day/rat) was administered to rats during 2 weeks and serum BUN concentration and creatinine concentration of each rat was
measured, as described in Materials and Methods. Each bar represents a mean + S.EM. from 5 rats.
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800 ATP-ind d
-induce
700 ¢ +

600 |
500 | *
400 |
300 |
200 |
100

0

Mucin production (% control)

cont ATP 2 5 10 (w/2004)
Treatment

Fig. 5. Effect of HIJ on ATP—induced MUC5AC mucin production from NCI—-H292 cells

NCI-H292 cells were pretreated with HIJ extract 2, 5, 10 1l/200 1l media for 30 min and then stimulated with ATP (200 pM) for following
24 hes. Cell lysates were collected for quantitation of MUCSAC mucin production by ELISA as described in Materials and Methods. Each bar
represents a mean + SEM. of 3 culture wells.

*  significantly different from control (p<0.05).

+ ; significantly different from ATP only (p<0.05).

= 400 -

Je PMA-induced

§ +

5 300 ¢+

-.g 200 +

-g. 100

c

‘T

= , .
cont PMA 2 5 10 (/200a)

Treatment

Fig. 6. Effect of HIJ on EGF—induced MUC5AC mucin production from NCI—-H292 cells

NCI-H292 cells were pretreated with HIJ extract 2, 5, 10 1l/200 pl media for 30 min and then stimulated with EGF (25 ng/ml) for following
24 hrs. Cell lysates were collected for quantitation of MUCSAC mucin production by ELISA as described in Materials and Methods. Each bar
represents a mean + SEM. of 3 culture wells.

* ; significantly different from control (p<0.05)

+ ; significantly different from EGF only (p<0.05).

5. NCI-H292M|Z0l|A| ATPZ QEHEl MUCSAC FAIM /200 f BN 2] FolA EGFE 29 FAAS
o Botofl olxle FE oA A ZRAHT Fig. 6).
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1200 10 WjFle] ETol A ATPE Gubg) Balgade /- NCI-H292MIZ0M PMAZ X=E MUCSAC Rikd
T4 QA FEAHG Fg. S). 4 37100l Oixlz B
HIJ= AT F=5 2 1200 ph, 5 10200 pl, 10 1l
6. NCI-H292M|ZO0fIA| EGFE 2=l MUCSAC FAIM 1200 10 BlFA] FEoA PMAR A58 FRlAES
o Botofl olxle FE ol Al AR Fig. 7).
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Fig. 7. Effect of HIJ on PMA—induced MUC5AC mucin production from NCI—-H292 cells

NCI-H292 cells were pretreated with HIJ extract 2, 5, 10 nl/200 pl media for 30 min and then stimulated with PMA (10 ng/ml) for following
24 hrs. Cell lysates were collected for quantitation of MUCSAC mucin production by ELISA as described in Materials and Methods. Each bar
represents a mean + S.EM. of 3 culture wells.

*  significantly different from control (p<0.05).

+ ; significantly different from PMA only (p<0.05).

~ 1000 :
Je TNF-induced
+

§ 800 |
X
8 600 +
§ 400
k]
S 200
5]
s , | ) ,

cont TNF 2 5 10 (w/200at)

Treatment

Fig. 8. Effect of HIJ on TNF—« —induced MUC5AC mucin production from NCI—H292 cells

NCI-H292 cells were pretreated with HIJ extract 2, 5, 10 pl/200 pl media for 30 min and then stimulated with TNF-a (0.2 nM) for following
24 hrs. Cell lysates were collected for quantitation of MUCSAC mucin production by ELISA as described in Materials and Methods. Each bar
represents a mean + S.EM. of 3 culture wells.

* 5 significantly different from control (p<0.05).

+ ; significantly different from TNF only (p<0.05).
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o
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Rigis15 il

Fig. 9. Effect of HIJ on ATP—induced MUC5AC gene expression in NCI-H292 cells

NCI-H292 cells were incubated with the indicated concentration of HIJ 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.

Fig. 10. Effect of HIJ on EGF—induced MUC5AC gene expression in NCI-H292 cells

NCI-H292 cells were incubated with the indicated concentration of HIJ 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

Q\x\?' \gs» Q\‘&
P Q\‘&‘s\s} *Z‘\Sb \Z‘\g\
mucsac TN Nl
Rigrs15 ]

Fig. 11. Effect of HIJ on PMA—induced MUC5AC gene expression in NCI—-H292 cells

\'

NCI-H292 cells were incubated with the indicated concentration of HIJ 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.
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Fig. 12. Effect of HIJ on TNF—« —induced MUC5AC gene expression in NCI-H292 cells

NCI-H292 cells were incubated with the indicated concentration of each agent 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.

A EGFZ 5% MUCSAC mRNAS] ¥d 52 7+
27 E S RAFAT (Fig. 10).
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IV. Discussion
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V. Conclusion
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