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Effects of Nature Herb Mixture Containing Laminaria japonica Areschoung

on Fine Dust-induced Bronchitis in Mice

Su-Hyun Han, In-Hwan Joo, Su-Bin Lee, Dong-Hee Kim, Ju-Myung Hyun', Jong-Min Park*

Department of Pathology, College of Korean Medicine, Daejeon University, 1: MJ Blooming R&D Inc

The purpose of this study was to investigate the effects of natural herb mixture containing Laminaria japonica
Areschoung (LAM) on fine dust-induced bronchitis in mice. Laminaria japonica Areschoung is main content of LAM,
which is including fucoidan. Fucoidan extracted from phaophyta is known to prevent bronchitis and to defend against
bacteria and virus infection. In this study, we experienced the effect of LAM on bronchitis and investigated gene

expressions (e.g

IL-8, COX-2, MCP-1) and bio-markers (e.g :

IL-8, PGE,;, MUCHAC) associated with bronchitis by

using Ab549 cells. Also, we investigated whether LAM can suppress the bronchitis in fine dust-induced animal models.
We injected fine dust (50 1) twice as INT (Intra-Nasal-Trachea) method. Then LAM (200 mg/kg and 400 mg/kg) were

oral administered for 14 days. We analyzed the number of immune -cells,
associated with bronchitis. LAM significantly decreased bio-marker (IL-1B,

immunoglobulin E, bio-markers level
IL-6, IL-8, TNF-a, Histamine, PGE,),

immune cells (white blood cell, neutrophil, lymphocyte, monocyte), and immunoglobulin E, that are increased by fine
dust. Taken together, this study suggest that LAM can be used as effective herbal extract for bronchitis.
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Atglo] IRl A F7kohe 71l 9af wid 29gt
7] Agtog 1\}%‘3}“1, 3% ARl A AAZE o
2 F ShUzA URt 29 SEA)
| Ae w4 sr AT, 20139 AR T A
F4  (International agency for research on
cancer; IARC)= UINHAIE ARdolA &ld 13+ HYEd
(Groupl)2 AFSHACH. BRI LUt oA SE7t 714

2 2712 A AQEo] don, ZAFH/NL7]+ (Organization
for economic cooperation and development; OECD)o[A ¥&
g Atgo] oot g ARZE vle] Lyzt] UNUA] 5
b 4G &2 Woz Ui, dold 9k § e 23
(Total suspended; TSP) & A7 10 um o|3}91 U]NHA] (PM10)
¢ A7 2.5 mm oJsl RUINHA] (PM2.5)x &F Al AU A
Y 7Hs3 YA WA (Respirable dush2 EA Aok’ olA
WA= A4 (NOs5), 3t (SO,7), ¢2E (NH,)59] o] A

B3 GR35 UE 502 olFold goul, YA o]

Aoz HE=AW 29 UMUK = 70*3} dE2 A7
£Y A SR 18R L Ho) ShA-wF 2R Rl
A0 £4¢ doZ 4 A, F3 Sof UAHAL A
o gldegozn AIAM, UEE, ¥NF AV Yo
Bygm Qoo

a2 M %2 "lFe AKst: 9ot (Laminaria
Japonica Areschoung)= Q2Juzalt sfigofA] AJate]= cfEAQI
Zx22 fucoidan® 3r835t1 Yo, Fucoidan® u]dl, ciAl},
£ 59 Zago) A=y 4 ool aeslol A= 28
A ggich @9 Fo] EA5H= heparin?t A2]A EXJo] v]L35}
of thrombin®| E4S oFatel WAL T RIIEL otni FHaoy
I, YARE, YNE FAS oA, AAxARE, A A S
7154 40l SR, E3t 50 H¥Q A% (Platycodon
grandiflorum A. De Candolle), At (Adenophora triphylla

A1) a
35

SEAE

o

)v]\:lo]

Wang et
Tang), QU|A} (Schisandra chinensis Turcz. Baillon)= 7]%A]
4, 32T 5 587] Ao o] ArgEHY, YL, I

o

var. japonica Hara), (Liriope platyphylla
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A48, WolEa U YA K3 7Sl Agelo] ek,

3 Q) Zr (Pueraria lobata Ohwi), Y8& (Atractylodes
macrocephala Koidzumi)2 4tsh zh2 ghxlAl A8 shotg uprt
oty BIET Qom¥PN) wARa (Wolfiporia extensa), HAHS:
(Nelumbo nucifera Gaertner), X1 (Citrus reticulata Blanco)=
Wols7 U YUA Az, Yyok Ao wus] Yo,

Cioh} g9 BaEe JluKY, WaEE U YUA A=
o] Wo] o]y Q= FFFMEZ A EFst s ARR2A of
A UAHA| 2 SER 7[HA] @50 Wigt adE vjudt A=
ws 6} gk

ojo] & MAh= HEAW ANEZFQ ALY NEF medu} A3F
9 71= W oqHR] U2 T & 222 olgstel 59EY 0]
AR 52 7184 4% B3 9D A5F22A 7]5744E AL
A} gt

5%

r
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1. N2AR

oAzt §t8" B3-S (Laminaria japonica Areschoung
mix 0|5}, LAMe2 #7])9] 4 A& A= (Daejeon,
KoreaJoldl 79jsto] Atgetgion), @ Aol ug 3 ¥ae
Table 11} Zct

Table 1. The Prescription of LAM

Herba,\llal\tflnzdlcme Scientific Name W?é?ht
Ef Laminaria japonica Areschoung 10
B Pueraria lobata Ohwi 5
R Platycodon grandiflorum A. De Candolle 5
nE Adenophora triphylla var. japonica Hara 5

ML Liriope platyphylla Wang et Tang 5
BRE Wolfiporia extensa 5
=p Atractylodes macrocephala Koidzumi 5
EfH Nelumbo nucifera Gaertner 5
AKF Schisandra chinensis (Turcz,) Baillon 5
[0 Citrus reticulata Blanco 5
Total amount 55

2. N7 F&

LAM 13 &% (55 g)ol 1000 mo] F/5E 2ol 100°ColA
SARIESH FESIIT £EEE oldX2 oju¥t P, rotary
vacuum evaporatorg £35] Zt%=ZE5l1 freeze dryers ALE
st $271%E Maato] 116 g (RS : 21.2%)0 TLL A9

ouf, -20°Co] BASAN ALG3tLt.

3. Al9F I 717

A& F-12K (ATCC, USA),
lipopolysaccharide (LPS : Sigma, U.S.A.), fetal bovine serum
(FBS : Gibco BRL, U.S.A.)), penicillin-streptomycin (Sigma,
U.S.A), trypan blue (Sigma, U.S.A.), trypsin-EDTA solution
(1X) (Welgene, Korea), dulbecco's phosphate buffered saline

Aok medium

(D-PBS :

Korea), accupower cyclescript RT premix (Bioneer, Korea),

Welgene, Korea), total RNA prep kit (Intronbio,

SYBR Green (Qiagen, Germany), diethyl pyrocarbonate
distilled water (DEPC-D.W
prostaglandin E, ELISA kit (Mybiosource, U.S.A.), human
interleukin 8 ELISA kit (Mybiosource, U.S.A.), human
mucin-5AC ELISA kit (Mybiosource, U.S.A.), aluminium
hydroxigen gel (Sigma, U.S.A), diethyl-ether (Sigma, U.S.A.),
phenol red (Sigma, U.S.A.), sodium hydroxide (Sigma,
U.S.A), coal fly ash (Sigma, U.S.A.), diesel particulate
matter (Sigma, U.S.A.), dimethyl sulfoxide (DMSO : Sigma,
US.A) 5L 8351900, A8" 7]7]1= CO, incubator

(Sanyo, Japan), clean bench (Vision scientific, Korea),

Bioneer, Korea), human

autoclave (Sanyo, Japan), vortex mixer (Vision scientific,
Korea), centrifuge (Hanil, Korea), deep-freezer (Sanyo,
Japan), plate shaker (Lab-Line, U.S.A.), micro plate reader
(Molecular Devices, U.S.A.), nanodrop (Thermo Fisher,
U.S.A.), alpha cycler 1 PCRmax (PCRmax, U.K.) real time
PCR (Qiagen, Germany), luminex (Millipore, U.S.A.), optical

microscope (Carl ZEISS, Germany)5-2 AM8-35t%ct.

4. Azug

A549 AEZ:=  10% fetal serum® 1%
penicillin-streptomycin® 2 A% F-12K HjX]|S A5
37°C, 5% CO, =70l {A|Ex= AZug7|oA Higstgod,
2-38 712 A wiefsto] @S Aot

bovine

5. MRSy 5%

A549 KN|ZZ 48 well plateo] 1x10° cells/well2 B 735}
24A17F 59t wjg stict, o]$ LAME 50, 100, 200, 400 pg/ml
9] B2 Azsto] TA] 24Xt < vigstch v & el
100 0 10 m09] EZ-Cytox 82 A7}sto] Nlzujg7]ofA 30
=30 BRSAIZT BHE & 450 molA FF =] WIS F7s}]
iz tigt AZAEES WEE2 RASHAT.

6. 9% LAY 57
1) RNA £&

6 well plateo] A549 NZE 2Xx10° cells/well2 BZx3}l0] 24
AIZE FoF Higstitt. vl & LAMS 100, 200 pg/mlo] =2
Aejst 302 H, Z7F 10 ng/mlo] LPSE F7lsto] ThA] 24AI3t
SO HigstTh. o], 1200 rpmolA 57 FO AHEsto] &
2 A=Zo] easy blue 1 ml9 chloroform 200 W& Y1
vortexing & &, 13000 rpm, 4°ColA 108 ToF |AEF] 5
Act ArEol 400 09} binding buffer 400 W& AlL0A 18 &=
¢t ¥r-3AI7l H 93 700 WE columno] F¢5to] 13000 rpm
oA 30& =9 ¥AET] 5ttt Columno]| washing buffer AS
700 1@ 23 13000 rpmo A 30&X Z9OF ¥YAEI] &, washing
buffer BE 700 p0 Y1 SUAsHA YAEa]stct. Column gt
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2 1.5 md tube2 HASE &, columnof elution bufferS 30 10
Yy 12 5¢ §ESAI1 F 13000 rpmoflA 17 F< 2] st
o] total RNAS F&35}9ict
2) cDNA &4

XAt (Reverse transcription) ¥122 RT premix Kkit9]
mixture (Reaction buffer, dNTPs mixture, RNase inhibitor,
stabilizer, oligo dT15 primer)?} total RNAS 1 pg E1
DEPC-DWS 2% 2n7} 20 w7t s F7lsigitt. o] &9
2 & AHe 5, 45CoA 608 YH2A]A first-strand cDNAE &
gotaL, 95°ColA 57 &<t WAIste] M-MLV RTE 2748} AlA
gtdo] ¥=% cDNAE polymerase chain reaction (PCR)o| At
gatqict.
3) 9ARt 5%

3tgo] 2= cDNAS ZEA)7]7] 95t9] real-time PCRE
188519 00, real-time A& tubeo] ¢cDNA 1 19, Zt primer 2
w0, SYBR Green 10 g, DEPC-DW 5 p0# ‘do] 95°CollA 28
SOt YrSA|7|L ok 95°COlA 5%, 62.5°ColA] 3022 403] ut
Batol QRIS FEAZCL SAAH WAFS dhao] wlstel A
A

Table 2. The Sequences of Primers

Primer ~ F/R* Sequences
L8 F TCTTGGCAGCCTTCCTGATT
R TTTCTGTGTTGGCGCAGTGT
cox-2 F GTTCCACCCGCAGTACAGAA
R AGGGCTTCAGCATAAAGCGT
MCP-1 F GCTCAGCCAGATGCAATCAA
R CTTGGCCACAATGGTCTTGA
B-actin F ATCGTGGGGCGCCCCAGGCACCA
R GGGGTACTTCAGGGTGAGGA

* F : forward, R : reverse

7. A& vlo]QuiA BHF £F

6 well plateo] A549 A|ZE 2x105 cells/well2 EZF35lo] 24
Al Bt vkl i & LAMZ 50, 100, 200 pg/ml9] 5%
2 ANz|stl 307 ¥, 247 10 ug/mle] LPSE F71510] TA] 244]
b SO vigstgict. vigelg 1200 rpmofA] 523t AAE 5t
Ao ASoB9 Ao T human interleukin 8 ELISA kit, human
prostaglandin E2 ELISA kit, human mucin-5AC ELISA kitZ
o] &5to] IL-8, PGE2, MUCS5AC S A5t

Ago] Argg 5339 £3 ICR mouser 2h2Hl0]Q
(Yongin, Gyeonggi-do, Korea)old ZFeot Argstict. Ad
=2 2379 FVIE VHAEA «3E AFeH, A7 &
A7zl ZE  AEssEd:
Huntingdon, UK.)§ At3Alo] s8] &8 F#d] 350t &
& AFA9] 712 conventional system©2 22+2°C, 1¥4 &
124172 200-300 Lux® X Ysty, 1247t 9 E W xjch
Aok &2 A fAdisty 5243882 4939 59 (39
3 DJUARB2019-033)& o} 52&2] &£ A5t AHA

rodent diet (Envigo,

;
el
af

-

=
=}
=

qrt.

9. 59 A& A N2 Fof

UAHA] G2 232F AAst7] el WA], coal fly ashet
diesel particulate matterS Zt 5 mg/md =2 DMSO°] &3]
A7l 3 %% 5%7} coal fly ashe= 0.5 mg/ml, diesel
particulate matter2 0.75 mg/ml’} E]£2 PBS=Z gAst &
At 2ol 2ol 8 %7t HA F7tste] nqHA EFEE A
steich. Al £g29 Foj= Alg £ AIF 3 39, 694
% 23]2 INT (Intra-Nasal-Trachea) ¥'H-& o] &35} U]AH
T2 50 WA FYsilrt. AEL UNHAS FYSHR] &
98, UA9A] R 020 ZR4E F Fojste dR
OJqHA] §&= opeAo] LAME 200, 400 mg/kg/dayoz 7
TF0] sk AAT Fo2 2R st¥ey, 4 2§ 844 £A
A= WigstA. 25319 58 A3VNE AR &, 1497 19 18]
Q7 1040 F+%o stACHFig. 1).

Pn)
Hor P

=2
o

2,
rlor

2

f-l.l rlo

Day0 Day14 Day17 Day20 Day28

‘ Amimal
acclimatization

Oral administration
LAM 200, 400 my/kg  Sacrifice

‘ Oral administration ‘ ‘

LAM 200, 400 ng/kg I

Micro dust mixture 50p8
INT injection

Fig. 1. The animal experimental scheme.

10. €&

Diethyl-ether& AR8ste] OhF|gt &, AGAAMHo=z @St
¥ole EDTA tube @} microcentrifuge tubeo] Uio] XA
B35 (-80 “C)ofl Esigict.

11. & HF &

o

Mo

ol
=5
ol
L

ox o2

SE

Lus

= Engler?}t Szelenyi® ¥W¥iof] wat 7=
U2 ZH|g]: phenol red (PR)FFS EQstPon, A 58
30 Ao phenol red (10 mg/kg)S 200 WA A@F= Sl
FAISHA O, o]% ethyl ether2 URFEH EfoflA A O
2 A o2 71 JAE ZEASE S 2399 713

2| Alg 4o do] 3087t A& vortexing 3t &, 5 E7F 10000
rpmolA AHEY sten F2jgt 45 900 met IM NaOH
100 W05 ‘gof TAAZ| L 546 molA] FFE=S FAsIA

fok

Mz

12. RGN 57

EDTA tubeo] HWUE 0] FMO hematology system
ADVIA 2120iE o]g35to] ®8@L (white blood cell), &5
(neutrophil),ZZ1 (lymphocyte), @383 (monocyte) 5 EA

shict.

13. Y utolontA MAEHF 54
Microcentrifuge tubeo]] HTE]0]QE= HHS AL2ofA] 308
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S AR F, 3000 rpme2 10 3¢ AAEste] P2
gEsieict 2alst @32 MILLIPLEX® Multiplex Assays kit
(Millipore, Burlington, Massachusetts, U.S.A.)9} Luminex 200
System (Luminex, Austin Texas, U.S.A.)Z o|&3}o] QIE 231
-18 (interleukin-1B; I1-1B), QUE]F71-6 (interleukin-6; IL-6),
QIE]£71-8 (interleukin-8; IL-8), ZAHAQIAL <ut (Tumor
necrosis factor alpha; TNF-a), 3|AEQI (histamine), =& AE}
289 E PGE;), WASZEIE

(immunoglobulin E; IgE) £&& &435}9c}.

(Prostaglandin  Ej;

14. AN

Ald A= SPSS 21.05 0] 83519 meanzstandard error
of mean© 2 UERJQlon, ANOVAE AtL5to] thF v W35t 1
Tukey's HSD test® E3]] p<0.05, p<0.01 ¥ p<0.001 &

A go9e At

L NzRES
A549 AZOA A BEES
=8 A 2E R4 RIS 2 AESS HEUA

o} (Fig. 2).
- 50 100 200 400

LAM (ug/ne)

Fig. 2. Cell viability test of LAM in A549 cells. A549 cells were treated
by 50, 100, 200 and 400 pg/m¢ of LAM for 24 h. Treated cells were
reacted by EZ-Cytox for 30 min and then absorbance were measured at
450 nm using micro plate reader. Cell viability were calculated as
percentage relative to the control. The result were presented by the mean
+ S.D from three independent experiments.

Cell viability (% of control)
N A O © © 9N
o o o o o o

o

2. AZ W SRR WY

LPSE ol§3 La=s] 43 8%
43o] Z7tE]= IL-8, COX-2, =
A}, LAME 52 oEsoR dazo] uls) 294 Qb (i p
< 0.01, *** ; p < 0.001) SHA}L @& ZHa7t UYePFtHFig. 3).

3. AZ W vol Qub Y

IL-82 At Slolfl AT set F4o] 8okl sl &
32 Q¥ A7l 9¥L sol, 18 NP 53% 2 LAM
200 e/ue] SEA ChxZol Wlsh S ik (+x : p <0.0)
247k desdth @50 os) A=EE cox-20] o5 A4E

PGE %t AR oz 7= |=sts MUCSAC TS &
e 24 LAMEe 3= oEXoR tixo vls] fo4d A+ (
; p< 0.05, ** 5 p < 0.01, #*+ ; p < 0.001) "ol ot A
a7t YerstHFig. 4).
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Fig. 3. Effect of LAM on mRNA expression level in A549 cells. A549
cells were treated 50, 100, and 200 pg/m¢ of LAM with 10 pg/m¢ LPS for
12 h. The mRNA expression level were measured by polymerase chain
reaction. The result were presented by the mean + S.D from three
independent experiments (Significance of results, +++ ; p < 0.001
compared to normal, ** ; p< 0.01, ***; p< 0.001 compared to control).
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Fig. 4. Effect of LAM on biomarker level in A549 cells. A549 cells were
treated 50, 100, and 200 pg/m¢ of LAM with 10 pg/m@ LPS for 12 h. The
biomarker level were measured using a ELISA kit. The result ere presented
by the mean + S.D from three independent experiments (Significance of
results, +++ ; p <0.001 compared to normal, * ; p< 0.05, **; p < 0.01,
** . p < 0.001 compared to control). (A); IL-8, (B); PGE, (C); MUC5AC

2371 U9 o2 HiEd HUe Hasks 9482 ste AY
o 2ulF 54 Zit, LAM 400 ng/kg FoolA thxo] vls)

* ; p< 0.01) Z7stcHFig. 5).

w
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| I
0 - I I
. . 400

LAM (ny/kg)

- —_ o ~
o (v o v

Phenol red secretion (ug/g)
v

Fine Dust (50 pe)

Fig. 5. Effect of LAM on phenol red secretion level in trachea of fine
dust-injected mice. The result were presented by the mean + SD
(n=6)(Significance of results, +++ ; p <0.001 compared to normal, ** ; p
< 0.01 compared to control).

1 ulo]glA 7HH =

a o
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a = a L
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-

; p< 0.05,

9= (* ;P < 0.01, *x*x
WARE 5 747t UeRdcHFig. 6).
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Fig. 6. Effect of LAM on immunocyte count in fine dust-injected
mice. The result were presented by the mean + S.D (n=6). (Significance
of results, +++ ; p < 0.001 compared to normal, and *; p< 0.05, **; p
< 0.01, **; p < 0.001 compared to control). (A); white blood cell, (B);
neutrophil, (C); lymphocyte, (D); monocyte

6. @3 U Hlo|ou}A XA
712 Wy ¥354 cytokine?l IL-1B, IL-6, IL-8, TNF-a,
Histamine, PGE,%] @4 U ulole b 4w 54 2,

LAMO] ©& RojFox tfxo] vla] §9AQl (x ; p< 0.05,
* ; p < 0.01, ** ; p < 0.001) B@54 cytokine ZrA7} UERG
tHFig. 7).
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Fig. 7. Effect of LAM on biomarker level in fine dust-injected mice.
The result were presented by the mean + S.D (n=6). (Significance of
results, +++ ; p < 0.001 compared to normal, and * ; p<0.05, ** ; p <
0.01, *** ; p < 0.001 compared to control). (A); interleukin-1 beta, (B);
inerleukin-6, (C); interleukin-8, (D); tumor necrosis factor alpha, (E);
histamine, (F); prostaglandin E2
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0 . I
- - 400

LAM (ng/kg)

- -
=3 v
o o

ImmunoglobulinE level (pg/me)
v
o

Fine Dust (50 p2)

Fig. 8. Effect of LAM on immunoglobulinE level in fine dust-injected
mice. The result were presented by the mean + S.D (n=6). (Significance
of results, +++ ; p < 0.001 compared to normal, and *; p< 0.05, **; p
< 0.01, ***; p < 0.001 compared to control).

ST

Syt= 19609178 AR Ardstel FA| HdFe 2 st
o] oyx] ARgFo] FIIstaL low, ApEAL Wd, A% djv]
QAEA HlE F7IE st QA UjAl= FFol Oigt AEA
BAlo] Futstae Yob. nlNHAE YA i7]°ﬂ T2} PM10,
PM252 Wen, F2 7K dFu3-S Loy|Huy 587 &
o TS =Ho, §U Aol s8R € Ho| JtA-ugRR
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