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Respiratory Protective Effect of a RML on PM10D—induced Lung Injury Mouse Model
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ABSTRACT

Objective : This study is aimed to evaluate the protective effects of Rehmanniae Radix, Mori Folium, and Liriopie
Tuber mixture (RML) on lung injury of Particulate matter less than 10 um in diameter and diesel exhaust particles
(PM10D) mice model,

Methods : To investigate the anti—inflammatory activity of RML, PM10D was diluted in aluminum hydroxide (Alum)
in 7—week—old male mice and induced by Intra—Nazal—Tracheal (INT) injection method. Animal experiments were
divided into 5 groups. Nor (normal mice), CTL (PM10D—induced mice with the administration of distilled water), DEXA
(PM10D—induced mice with the administration of 3 mg/kg Dexamethasone), RML 100 (PM10D—induced mice treated
with RML 100 mg/kg weight), and RML 200 (PM10D—induced mice treated with RML 200 mg/kg body weight). After
11 days administration, mice were sacrificed and inflammation—related immune cells in broncho—alveolar lavage fluid
(BALF) were analyzed. Inflammation—related biomarkers were also analyzed in blood and lungs. Lung tissue was
observed through histological examination,

Results : In the PM10D induced model, the PML showed decreases in CXCL—1 and IL—17A in BALF. Expression of
inflammatory cytokines and cough—related mRNA genes was significantly decreased in serum and lung tissue. The
mixture treatment of RML significantly improved the immune related cells in the serum, In addition, histological
observations showed a tendency to decrease the severity of lung injury.

Conclusions : Overall, these results confirmed the respiratory protective effect of the RML mixture in a model of lung
injury induced by air pollution (PM10+DEP), suggesting that it is a potential treatment for respiratory damage.
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st 7] 2ol SEEE APHIL glo] TF7] Ado] F
7hstar qlck, 20169 AAE YN L7+ (OECD) ko] w2
W vt vA R 2& T Y| edo R Q% 27
AbEo] OECD 7h) 3 ZollA 7h4 Eob g4 Qo ?,

o] HA] (fine dust, particulate matter, PM)= $¢H4
o2 AEE 4= glom AH 10 pm Hoh 22 AAY EFS
el HARZA 7T (WHO)E ulAlw =] o} 7] o d-e Akt
A FFE uX+= 1 YLELDE AHste] JIAHE =4
Brsta”, mAEAE g7] & dobg s 5k el
Sdel g 38t FEEAQ] FASHE, | (Ph), gArstea
(CO) 5 A +H2 LAELE xFstH, E3] fAu7]
7}~ (diesel exhaust particles, DEPs)= ZHAlS ¢F3tA7]

o A Ak,

o EA o) FYE AA Y 29} Hxo] =Fdte] FE S
gEst 713, 3F 2, AYS 59 24 sty g
557 B AL YNNG oo o3 AL &
E7) A% muk ot e ol A, HEF 5 thkt
Ao = JFe = oz deiA Ut Y, 7oA FZo
A e s ZA AN A WS NEFF Z7bEkT
oA 7918 HANEEL | xe} HE2E YRHT E3t
GZA AP EFIAIE Halo] ok 27T HE WS 4=
ARG ol GFo] A7 ALHALS W, LA
dzg, 7 BAE So= ‘?:I%i% 5 ok, nAwA 2
QI A<l WS &) A&l w2 HAE (chronic

obstructive pulmonary disease, COPD)t 9] v|AAMA <]
dzurgoz <3 9 )50l AstEls Ayelt? copDY
FEXEE 7|E BELY RS MAAA7= 71 BA=YA 7}
F2 ALgEe WERR A, ol B, FEUA So| 9o
U AN AATE HHRH AL oy REsiY
ZA71A4 ¢ LA A v|mA RZLo] A1 aupFoR XFT
2= 9l olA3t x| 2 A o] a3t AAo|c}

i (Rehmanniae Radix)S @4} (Scrophulariaceae)ol]
&3t thdx A3 (Rehmannia glutinosa Liboschitz)2)
B ZA FHOMA oA =2 Aujdrt, thES §=of ot
A EA|SFo] A, é*ti‘ﬁlfﬁt HIE O 2 Uiro] AREH
ot gelstol A S kst % - B - % - s,
B 0 A B =gl zmﬁt@i Bk 0] &5
Aol B, THARS BHRE 5O TAl AHETY

w3 st ant? a2z gaHY 9 weza? = tropst
AFAA7E BaixEo] ot

%3 (Mori Folium)& 2UR3} (Moraceae)o|| &3l= &
U5 (Morus alba Linn&eacute;)?] Qo0& Ftfz|HEE

SR g7A de) REE o] ok, ghejstolA] S Hik
RS, EIEE a5l Yo HEE, (18, MR Q1S k.
AESiE gty G Qo Ed g Ao A7
AR g QA A4, 2282 A 59
7o AT} Q= Ao g A ot

#P&X (Liriope platyphylla Wang et Tang)< ®gta}
(Liliaceae)ol] 48t thd A 220 7)olek™ %L 1k
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Table 1. Composition of RML

Scientific name Latin name Yield(%) Ratio(%)

Rehmannia glutinosa Rehmanniae
Liboschitz Radix 52.10 50
Morus alba Linné Mori Folium 52,25 20
Liriope platyphylla Wang Liriopis Tuber 50.16 30

et Tang

2. Aok & 7]7]

Algo] AME3SE acetonitrile, ethyl alcohol, methyl
alcohol& Merck Millipore (Billerica, MA, USA)oJA],
dimethyl sulfoxide (DMSO), formalin solution, phosphate
buffered saline (PBS), 2—7—dicholordihydrofluorescein
diacetate (DCFDA), aluminium hydroxide, hispidulin,
luteolin, rosmarinic acid, nepetin montelukast+ Sigma—
Aldrich (St. Louis, MO, USA)°A], Dulbecco’s modified
Eagle’s medium (DMEM), fetal bovine serum (FBS),
penicillin—streptomycinamphotericin B  (antibiotics),
0.25% trypsin—EDTA (TE)+ Gibco BRL (Gaithersburg,
MD, USA)oIA Fufjste] AMg3tE 1 FACS B44 FH=
R—phycoerythrin (PE) anti—mouse CD11b (aM, rat
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IgG2b)3} FITC anti—mouse Gr—1 (RB6—8C5, rat IgG2b)
X Biosciences (Becton, Dickinson and Co., Franklin
Lakes, NJ, USA)ol|lA Fufs}lar, CXCL—-1 (DY453—-05)+=
R&D system (Minneapolis, MN, USA)|A] Zufj3te] A&
sk,

3. A¥FE
7%% 47 Balb/c nHA (fatutel 2.8, F8, BHE
Tstel B YRS F83] TGO, 157 YA

ol A7l & Afol AMESHAT. T E ARAY 212
LE 22 ~ 24T, & 50 £ 10%, LF7= 1247 F7]|=2
zZdstgh, Ad2 FEATEY 294, A5y g HE 9
24 BYE ot diAddEn FEATEEE H93F
(Institutional Animal Care and Use Committee : IACUC)
9] %<2l (DJUAR2020-039)& ¥o] AlPstgor FELT

FHe 2ot

4. PM10D 2¢ A& 9 FEFof

AR = o7 712 B3gt AES 7 97) 5 R4 E2d
e, I F uARA Y FYPE AL E (coa)S 5 g
o] e& 700C 2} 7F2 & (ULVAC-RIKO TPC5000, ULVAC
Technologies Inc., Methuen, MA, USA)o|A 10 7t A4
AlZ|AA A E= AAES glass fiber filter pado] ZH 3}
g3, xFE TPM (total particulate matter) DMSO &
HE AMESA 10 mg TPM/mlE == FE30A Ae daE
Aol AMgSHETH AlzE AEdLES KT&G $39+Y
oA Fasta, Eetelol4] (fly ash)w= Y& JIS type—II
fly ash™& Aol Abgstdon, 2z gddLs B
(DEP)”3t E3tste] mlqelx] BgEe Azstqdct. 744
o2 gugdEZaol= (DMSO)d %<9 ASALE (5 mg/
nf), Eetolof4] (10 mg/me), HAALEL (5 mg/me)S 2zt
HFe=rt AedaE (0.25 mg/me), Z2Flof4 (0.5 mg/me),
gAdasd (0.75 mg/m)2  B|Aste] EZstar, RE
(aluminium hydroxide) gel adjuvantS 8% = 34 =A| 3}
Nz o7 mAHA EFE (ambient particulate matter,
APM)E Al=3}FH

357] &4 ulAdx (PM10)o] Z+zt diesel exhaust
particles (DEP)E 42 4 mg/m¢ H|AHAEFHE (PM10D)&
aluminium hydroxide (Alum)®f SXA1A FE Fo AIZHY
2R 3¢ ¥, 6¢ ¥, 9¢ T vAHAEFES Intra—
Nazal—Tracheal (INT) injection ¥ o83} FU34A
o, FETE oM AXE SHA] Y= 4 (Normal mice:
Balb/c Normal), ¥l &4 & 9 FHR+E T3t dix+
(PM10D—induced mice: PM10D_CTL), @ &4 {3 ¢
Dexamethasone 3 mg/kg SE=2 £33 A= (PM10D—
induced mice treated with Dexamethasone 3 mg/kg body
weight: PM10D_DEXA), # &4 4% ¥ RML 100 mg/kg
=T 2o (PM10D—induced mice treated with RML
100 mg/kg body weight; PM10D 100mpk), PM10D 55 2
RML 200 mg/kg ¥= F97 (PM10D—induced mice treated

with RML 200 mg/kg body weight; PM10D 200mpk)2. 2
T 5OFLE 75t L8 zondeR 200wl ZHA 7T
Fo] 119 & Agstlh (Fig 1). FAA] uH3= Avertin vt
H-EAZE 0.3ml/25g mouse®l EZFALSH] ZHap Aol Al
Intra nasal instillationE A3§3} it}

r Oral administration RML 100, 200 mg/kg _l

Day0 Day7 Day10 Day13 Day1l6  Dayl8

I I I I ||
| Animal | | | I |

acclimatization -
I I I Sacrifice

Micro dust mixture INT injection

Fig. 1. The animal experimental scheme.

5. 7| HZ HFA (BAL fluid; BALF) £g]

ARFTEES AT &, F5HE 9ol 7|28 =247,
FAZIE 71 YR sl B2 Fo] IAZAFY, 1 F
FBS7} ¢l 1 m¢¢] DMEM HjR| & 33| &£3A|7]|= dpoz
Z1EAHE AHY (BALF)S 3t 7|1HAHE AHHS
1,750 rpm, 4C9] ZAA 587 YAEES H, cytokine
EZAE A8 AN U2 YerEAsta, AlF o Eegt
AlZE ACK 902 35S AEste] JEFE &A% H,
1% FBS free DMEM ¥ 0 2 A|ZS}3L hemocytometer
2 F NEZzSE A5

6. @9 CBC ¥ PBMCs £3 &%

AUFE F 3 ml FAP]] 50 LU. #|utd (APUSAF,
QA1) 20 wE Yol B NWFE ethyl etherZ nhFT
AR ez 800~1000 WS BT HEH B
A2 (821, A7)l Q=ste] WE, sFF, FEZA,
SA 9 547149 F AZSE AR AFAA &
25t dAo|A Symmetric dimethylarginine (SDMA,
MBS2605912, MyBioSource, USA) &, ¥ XA &
&% WAl utelenb#A (SDMA) ELISA &3S enzyme-—
linked immuno—sorbent assay® ZAstEGtt WEILLE=
AE5P1EA7] (MS9-5, MELET SCHLOESING, France)
2 Fonio®"ol #3819 Minos—STZ Z43}1, Ade Y
500 w¢ & 9.5mle] ACK &Ho] @31 58 F<t Wx|gt & Hd
TE &3A712L 1200rpmell A 587 YAE2 3t PBMCs
£ 293} 0.04% trypan blueZ FA3sic},

tlo ot ofx

7. 713A HEAHY (BALF) £ 9 FAES
4
A NE F sfjRste] HEZ A HA (BALF) S ZHE A E
B2asl7| 98 FBS—free /DMEM HjFH 1m-& YL FA}
715 718A (trachea)oll FYA7|L o2 Fo] 1A &
33) &3k A]# Balsle] ACK €98 37°Co|A 55 E¢F X2
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Sho] A BTG 5141717 ThA] FBS—free /DMEM Hjope} o
Z A% & 0.04% trypan blue2 M & FANZFE S
Astgtt, E3SF BAL cell cytospin® Diff—Quik stain® 2
eosinophils® F71E #<QIgttl, BALFoA ELISAZ
CXCL-1, IL-17A% #&& A1, FAIZIFEL7
(flow cytometry)S AH&3}o] FACS £EZA|24, FACS &
AZ AAsHET

8. ¥ (Lung) NIZ £ 9 FAZF &3

HEZAHY (BALF)Z £251A] &2 FF oA #HE &3t
o] B 22 ZA AHSE T 2efol A (fetal bovine serum,
FBS)o] Z3E%] %S 3 m¢ DMEM Aol Y3 1 mg/mle
collagenase IV (C5138, Sigma)Z 7}8le] 37°C shaking
HjF7| oA 307 52t 43] o) 22 £3) (digestion) 3+
HAEZE Bt HANEZE v Z A2 T cell strainer
(352350, FALCON)®ll SItA|AH Alzo]eo] Eaj=|A] o2

2Ao|l} BB AANL FAHESE SHT

9. ELISA &4

Z+7+o] A (antibody)E coating &89 (291195, R&D
system)o] 3]43}o] microwello] coatingdt & 4TolA]
overnightdtgth, Z+ well& 33] washing &Z8HOZ A
23t o A (108] 3]4)S 100 w A EFst] 1 A7 52t

Table 2. Sequence of Mouse Real—time PCR Oligonucleotide

Ao A B3 & 23] washing 4E8Ho 2 NHT oS
antibody Avidin—HRP conjugeted (R&D system)100 WS
A st 1 AZE A2oA WAg F oAl A s TMB
718E 100w 2553 oA 30 23 WAF £ 50 w
9] stop EHL A3t & ELISA leader (Emax, Molecular
Devices) 450 nmollA §F =& SHstHT.

10, HZZ oA mRNA o& (real-time RT-
PCR) ¥4

Zk Mgt 2AER2HE {FARY TEE E4%7]
TRIzol reagent £ (Thermo Fisher Scientific Inc.,
Waltham, MA USA)Z ©]&3}¢] RNAE £t &3
RNAZE RTase, dNTP, buffer, oligo—dTE Y& & 42T
water batholl A 2A17F B2t BES-AlA cDNAE 443t
335 cDNAY] 2 X SYBR green PCR Master Mix (Applied
Biosystems, Foster, CA, USA), 200 nM primers, Rox
dyeE 9& & ZF cycle2 95T 15sec, 55°C 15sec, 72T
15sec?] ZZA 2 2 Applied Biosystems 7500 real—time PCR
system (Applied Biosystems, Foster, CA, USA)E ©]-&3}
PCRE 33ttt ZF §-44e] &2 housekeeping 434}
glyceraldehyde—3—phosphate dehydrogenase (GAPDH)S
internal control2 AREsle] A& AzHS vl B35}t
(Table 2).

Gene Primer Sequence
Forward 5'GGGTGTCCCTTCACTTCTTTCAS’
cox Reverse 5'TGGGAGGCACTTGCATTGAS’
Forward 5"CGAAACGCTTCACTTCCAAS’
NOS-II
Reverse 5" TGAGCCTATATTGCTGTGGCT3’
Forward 5'GGCTTTCCGAATTCACTGGAGCCT 3’
e Reverse 5’CCCCGGCCTTCCAAATAAATACATTCATA 3’
GAPDH VIC 5’CATCCTGCACCACCAACTGCTTAGCCS’

11, H¥ 353G M (immunofluorescence staining)

ute-A 9] Hx g HE5 F JFHHIE o83l 20T
A =& 20 me FAE FAHS AE H &fol=of &
AlA HAPZFEAHIHF) AHS APt 24 1F
A1717] 938l 4% paraformaldehyde (Sigma—Aldrich, USA)
9} 4% sucroseE® Y1l A0 4587F IAHAF T, PBST
(PBS, 0.1% Triton X-100& ¥ &H)o] F7tHe= 10
mM Glycine® H7}ste] 584 33 A% % PBS| 0.5%
NP-40 (Sigma—Aldrich, USA)E #7}3te] Aol A 30&3F
-2 X F Tt o] & PBSTE 5&7F A|Fsta, PBS-TEH
5% goat serum (Biowest, USA)2} 5% horse serum (Biowest,
USA)?} 3% bovine serum albumin (Sigma—aldrich,

USA)E 41 blocking buffer&H 02 4T oA A} blocking
k29 Z3Yslct. 12 &4 (TNF—e)+= blocking buffero]
B Aste] Ao A 4AZHE Rt ¥HE-A]7] L PBSTE 1084 3¥
A Fstget, o]F 22 FA = blocking buffero] 245}
H-g et 28 )] 204 2417 ¥H-EA1Z] F PBSTE
102 &< 13 AEstgrt. 3 dA8E 98 PBST&H
Hoechst 332585 ®¥H8-3lal PBSTZ 108 §<F A4 & GEL/
MOUNT (Biomeda, CA)S AF&3}o] Cover Glass (22 X 50
mm, Marienfeld—superior, Germany)ZS <2}o|= $jo] 212
Ao GAA ARAFY. Mol AgH 12 A=
MCP—-1& A&, 23F 3H4|= fluorescein goat anti—

mouse IgG antibody (H+L) (Invitrogen, Eugene, USA;




AR f2 #7155 &4 FEEDolA RMLY 287 B35 a3} 33

1:400), rhodamine goat anti—rabbit antibody (invitrogen,
Eugene, USA; 1:400)2 A3 3G M2 913t Hoechst
33258 pentahydrate (25 mg/m¢, invitrogen, Eugene)&
ARt AAgt Letol=x FFtlEl (fluorescence
microscope, Nikon, Japan)®} ACT—1 softwareS A3} 4]
imageE ¥t

1o, A B

AEER & H2AE Fdste] 10% EDTAZE 238 10%
formalin &0 o] HRZE decalcification 3T,
Radiographic technique& ©]-83} decalcification +F&
RIZE ¥ parafin waxe] #2221 Y3 143 o coronal
sectiong AA|EIAT} decalcificationt3 & AX etdoz
A" 2FL 7 me 37]2 AE F, hematoxylin and eosin
(H&E) @& At 229 A& #astatt, d55hs
HY 9B 924 Z (BALT) S 2738 oR X H&KE g4
Aol A EAE 4= AU

13. TAEA

choFst Ag o2 HE A& A= meantstandard error
of mean (SEM)E 7|&35}1, 24 AZL student's T—test
EAUHS o] &3t A3t SPSS (Version 19,0, IBM,

(A)

250

#

E 200
<
=
=
2 150
E
-
<
@ 100 1
3
3
=

50 A T

0 . SN

Nor CTL DEXA RML 100 RML 200

PM10-D - + + + +

Armonk, NY, USA)E A}83}9 one—way analysis of
variance (ANOVA) testE AlA|3t & least—significant
differences (LSD) test2 AFZHZS AA|5te] zF L9 HHF
Ztolof tigt A A {42 p<0.05 FYeEolA AEst
Kt

mZ2
1. BALF 9 lung W % NZ4 23

oA A i (PM10+DEP) SERDAY T2 £ HAH
4 (BALF) Well = & AZ4E 24T 23t ZAol vlst
of =29 BALF W AlZe F94 (0<0.01) A $7FH
UeEbd e, diz2ol viste FAd =<3 RML 100 mg/kg
A2 794 (p<0.01) AA F43HR 2w RML 200 mg/kg
Tl e flou Aashe FdS Uehillt (Fig, 2A).

27 (Lung)ollX & AE4= ol vlste] o]l
28 ol oA (p<0.01) U= AES F7HE HE T
2ol vlste] FAdHEZ RML 200 mg/kg FALS
94 (p<0.01) RIA #H43HLm RML 100 mg/kg Foi2
T oy daste A4S Uetlle (Fig. 2B).

(B)
250
T 200 ##
<
=3
e
3 150
=]
=)
E]
= 100
3
2
I
50
0 " ettt
Nor CTL DEXA RML 100 RML 200
PM10-D - + + + +

Fig. 2. Effect of RML on total cell in BALF, Lung. (A) Total bal cells; (B) Total lung cells. Nor, normal mice; CTL, PM10D—induced mice with
the administration of distilled water; DEXA, PM10D—induced mice with the administration of 3 mg/kg Dexamethasone; RML 100, PM10D—
induced mice with the administration of 100 mg/kg RML; RML 200, PM10D—induced mice with the administration of 200 mg/kg RML. All
values are mean=+SEM (n=8). Significance: *£¢0.01 vs. normal mice, *£{0.05. **£{0.01 vs. PM10D—induced mice.

2. 718A H=E NZ YA ELISA §4

AR 2 (PM10+DEP) S ERAAE T8 & BALF
oA FEA AFo]EFFQl (CXCL—1, IL-17A) ELISAZ Z34
A% A3k, FAddel sty djzo] §94 (p<0.001)
UA AFA Ato|EFRQ AAbgo] Fretlth FA 2Tt
RML 200 mg/kg Tt thzol Blste] 24 (p<0.01)
QA ZAEETH =3 RML 100 mg/kg £97S tjz79
H|3 CXCL-190] #4dte FFS vetioy IL-17A2 &
o4 (p<0.05) A Haskgct (Fig. 3A, 3B).

3. 71%A 715 AE (SDMA)S 71 B &
AR e 574

Aol A 7| = AR}t (SDMA, symmetric
dimethylarginine) ELISAR &% BX3F Axt, Ao v
st tfRto] 9F 30.8% ©l4 A UAl F7HstA (0 <
0.001), Hi=2l| Hlsted RML 100 mg/kg £ F2l4e
fou Fadts A vepllon, FAAHEE (p<0.01)3
RML 200 mg/kg £ (p<0.01)2 594 IA L5 et
Wk (Fig. 4A).
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(B)

30 4
g s s
&
&
5 20 4 *
<
o
g
° 15 Fedede
2
104
0 T
=

5

0 + T T

Nor CTL DEXA RML 100 RML 200

PM10-D - + + + +

Fig. 3. Effect of RML on CXCL—1 and IL—17A levels expression in BALF. (A) C—X—C Motif Chemokine Ligand 1 (CXCL—1); (B) Interleukin—17
(IL—=17). Nor, normal mice; CTL, PM10D—induced mice with the administration of distilled water; DEXA, PM10D—induced mice with the
administration of 3 mg/kg Dexamethasone; RML 100, PM10D—induced mice with the administration of 100 mg/kg RML; RML 200, PM10D—
induced mice with the administration of 200 mg/kg RML. All values are mean=SEM (n=8). Significance: **/£¢0.001 vs. normal mice, *~{0.05,

*p{0.01. **P{0.001 vs. PM10D—induced mice.

Real—time PCR& %’3}0‘1 B 22 o A] 7] A B
mRNA Z&FS
H|gho] g2 %9—]* (p<0.01) A %7]'—“ HERT
zZa) vl FAHREL K94 (0€0.05) e HAE

S RML R 25 §o42 glov Hdaste A
et (Fig. 4B).

TRPV19] L&z At Hlste 22 (p<0.001)
94 e F7HE el dizdel vls] FAdEE (o

Z:
=

Oml

&)

0.35 4

SDMA level in serum (ng/ml)

DEXA RML 100 RML 200

PM10-D - + + + +

3.0 A il

»
o
*

TRPV1 mRNA RQ of PM10D-CTL in lung
n

RML 100

RML 200

CTL

PM10-D - + + + +

DEXA

<0.01), RML 100 mg/kg E (p <0.05) RML 200 mg/kg
o (p€0.05) 2F 794 9le A4S YeRit (Fig. 30).
TRPA19] mRNA @@= &4 A3}, Aol vlsty 2t
(»<€0.001) ¥4 = S7HE YEbATE dixtol Bis)] ¢4
=22 (p<0.01), RML 100 mg/keg Fo= (»<0.05), RML
200 mg/kg BT (p<0.05) BF §24 e F4LE YEH

t} (Fig. 4D).
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Fig. 4. Effect of RML on SDMA in serum, and cough related Real—time PCR mRNA in Lung. (A) Symmetric dimethylarginine, (SDMA); (B)
Mucin 5AC, (MUC5AC); (C) Transient receptor potential vanilloid 1, (TRPV1); (D) Transient receptor potential cation channel, subfamily A,
member 1, (TRPA1). Nor, normal mice; CTL, PM10D—induced mice with the administration of distilled water; DEXA, PM10D—induced mice
with the administration of 3 mg/kg Dexamethasone; RML 100, PM10D—induced mice with the administration of 100 mg/kg RML; RML 200,
PM10D—induced mice with the administration of 200 mg/kg RML. All values are mean+SEM (n=8). Significance: #p¢0.01, ™P{0.001 vs.

normal mice, *P{0.05, **~{0.01 vs. PM10D—induced mice.
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=
HZZ o)A real-time PCRE E3t9] ¢
AAe] mRNA H@#Fs S43 23, COX-2+ 4ol
sto] tizato] 24 o] £ (»€0.001) = S7H W
Wk, djz<e] wste] RML 100 mg/kg FoIat2 fro4d2 &l
ou Fashe AEFS vehlley, FAdEE (p<0.01)F
RML 200 mg/kg A% (p<0.01)& BF §o4 & #4E
UeEbth (Fig. 5A).
NOS-TI= Aol Histe] tfjzo] 28] ol 1244 (n<

(A) ®)
@ 20 - 25
220 it 2
e =
=] 2 20
S 1s 3
2 g
2 ERER
z z
5 1.0 <
g o
g 2 10 4
< <
z z
Z os I
& % 05
Q =
% %
3 BRI
o 0.0 T — T J 2 0.0 T
Nor CTL DEXA RML 100 RML 200 Nor CTL
PM10-D - + + + + PM10-D - +
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0.001) U= S7Fs detdlleh, dixol Hste Fgdiz
(»<0.01), RML 100 mg/kg T (p €0.05), RML 200 mg/kg
FAZ (p<0.0D)2 B2F 794 e #4E Uely (Fig.
5B).

TNF-¢ /32l vlgte] djzZo] 248 o] f24d (p<
0.001) %= F7FH Hetdleh. izl ¥lste] RML 100 mg
/kg FAELE TS glou dadhe FdFe UEe,
Fddi= (p<0.01)2 RML 200 mg/kg FA (p<0.01)2
BE f94 e #FaE UEhiTh (Fig. 50).
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Fig. 5. Effect of RML on inflammatory mediator—related Real—time PCR mRNA in Lung. (A) Cyclooxygenase—2, (COX—2); (B) Nitric oxide
synthase 2, (NOS—II); (C) Tumor necrosis factor—a, (TNF—a). Nor, normal mice; CTL, PM10D—induced mice with the administration of distilled
water; DEXA, PM10D—induced mice with the administration of 3 mg/kg Dexamethasone; RML 100, PM10D—induced mice with the
administration of 100 mg/kg RML; RML 200, PM10D—induced mice with the administration of 200 mg/kg RML. All values are mean+SEM
(n=8). Significance: P 0.01. *P{0.001 vs. normal mice. *P{0.05. *~{0.01 vs. PM10D—induced mice.

5. PBMC9|A] ¥ leucocytes A|ZERI X4 B4

PBMC A|ZE FACS BAH& E3lo] WEZ (lymphocytes,
granulocyte) @] M| RIE=S: (%)E #4519t} Lymphocytes
= A Bigte 2ol A 94 (p<0.05) A T4
SHETh FAHRES FATl vlE] FAd glout FhAdte
AFE YetW oy, RML Foi2 23| H|3) 5% o2&
Hoz {oA (p<0.05, 0.01) UA ZF7FE YeERW
Neutrophilst g4l vl 22 942 ey $71
3= A Uebich gzl vlgte] FAAHRE (p<0.01),
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% $o4 Sl 74E YeT (Fig. 64).

Monocytest HAHZel B8] f22e Sode gou 2
28hs AFS el izl vsf gtz (p<0.001),
RML 100 ng/kg 5012 (p <001 494 9A 27+ vt
Wom, RML 200 ng/kg BolS #o42 glov S7tshe
7A%E YEth Eosinophilse Aol vl3) 2 &
o4 (p<€0.01) YAl Z7Hlg o B Folge mE Go
do] UettA] ettt (Fig. 6B).
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Fig. 6. Effect of RML on immune related cell in Serum. (A) Lymphocyte and Neutrophils; (B) Monocytes and Eosinophils. Nor, normal mice;
CTL, PM10D—induced mice with the administration of distilled water; DEXA, PM10D—induced mice with the administration of 3 mg/kg
Dexamethasone; RML 100, PM10D—induced mice with the administration of 100 mg/kg RML; RML 200, PM10D—induced mice with the
administration of 200 mg/kg RML. All values are mean=SEM (n=8). Significance: *£¢ 0.05, vs. normal mice, *P{0.05, **£{0.01, **P,(

0.001 vs. PM10D—induced mice.
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6. F2Z oA TNF-¢ ©92 24 (IHF) #4
AzAH d54 AelETHIOR el TNF-o Tl

Hde WYgLRF I (IHF, Immune histology
PM10-D - +
Nor CTL

Hoechst.

TNFa

A EL R

H 22 e HLE 443 23, ulq A (PM10 & DEP)E
Qs AArzol Hske] hRTAA 71T FHo] BF WA
zo| A3 gz, 181 A3t JAANZER U5t
o gzo] Asteo] W= HE WS I F 5 AU,

PM10-D - +
Nor CTL

H&E stainig

fluorescent)& B3l 3¢t 23}, R4 TNF-¢ THd
Wdo] Ao vlste] F7kE ZAIg Jebith dizad
Hjate] FA 22 A FAEE UEHI RML £
T B3 5= gEF o2 dAT HAE UERlT (Fig, 7).
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¥ ;

Fig. 7. Effect of RML on signal transduction TNF—a protein expression in lung. Nor, normal mice; CTL, PM10D—induced mice with the
administration of distilled water; DEXA, PM10D—induced mice with the administration of 3 mg/kg Dexamethasone; RML 100, PM10D—
induced mice with the administration of 100 mg/kg RML; RML 200, PM10D—induced mice with the administration of 200 mg/kg RML.

FEAYEE BF izl vlste] 78R W E5HY
A3Eo] A8 IFHFAE (neutrophils, eosinophils), L&
1 2AsE gAAzE0] ZA F4ES YEHWI RML ¥
o = YEHQ AFE Uit (Fig. 8).

- + -
RML 200

Fig. 8. Effect of GE on the histopathological change in lung tissue. lung tissue was stained with H&E (Original magnification X 200). Nor,
normal mice; CTL, PM10D—induced mice with the administration of distiled water; DEXA, PM10D—induced mice with the administration
of 3 mg/kg Dexamethasone; RML 100, PM10D—induced mice with the administration of 100 mg/kg RML; RML 200, PM10D—induced

mice with the administration of 200 mg/kg RML.



AR 7] E &4 FERDAA RMLY 257 BE &3} 37

=

i} ste] AAH R F7HEAol & ulAl
e 72t 357 4% 9 %2 IS et g4
ok wAER Q] X & gt /HE QeFFo] glomz A
= AFYHo] ast AAolct I, HAEC] vAHA =
A3 F=E 7R ATl FaES 2AE HeEpdtE ZoR
HuEojA] glon, o]k u|AHx|of o3| T AF5S oA
gto] Sk A aTE el A Tt B de v
AR 2 e 557 A3k 22 A 2AE HEsH7] 9
gt AFEA in vivo HAHA FE ¥ 75 SFEDA
RMLY] 535 H7lstgict, o5 ¢la PM10-D fd & 11
U7 RMLE £43tglon, BALF 9 9 f & Az, 97|15
2 357 #E AF, 45 € WY A AAE SHSH
22y Y-S Tl H=22e B4t

AR grejsto A H Ao ALgE o] A-S B35t
dedl, e e HY ¥E AR APE geta, A oF
B9 WESE A sl THIAGANE AQGstHet. 1 A
HhE, I, EMKS TH AR AAEAT, E3] kS
FHAGA AgH oz FAtA} e FEAE| DR,
HHFHS FARRE stal, FED EMRY HE&S sty &
&g RMLO| f%5-& B7stgict

T, 2 A ATt w29 RMLY o7} HE A HH
ZF AZpe 9 | FAZSE BAAE AFE FAT 5
ATt BIFEE TS Y AERES] A5z A7
HojX o, B Ao RMLY H&A BT aate] 2AS
npASkIAL AA ST

Z1=e| A AAA T SASEE 7|1 HA] 25 L HA S
furetn® | Z) =y AL GEHAl 7] E MUCSACE BH=
sA HAEE 4% S 24 AFAAGY, =
715 24| w9 Fa3%t 983st= TRPV1Z} TRPA1Z 33}
S0 uf$ uztste] 747 FaoA §hEste] WA E oA
B ER RN 434 A Al Bejgittn LA
AT ¥ RMLE AR dAe} 72X FANES A
A7l ALE o R 7|3 &S antgoz JAE ¢
Ade 7Hs S HolEe

HIAE R fEH] AR FUEHE SZ4FHo=
macrophage’} @43}=]11 CXCL-13 Z& chemokine® &
Q13 neutrophil 52 §%35}n IZTH AEE0] HAZ &
ol=2 st A%z B1 HolA b’ E3 IL-17AL
neutrophil®] A& 7|7+ AFA 79" 4% = B a4
Q1 COX—2¢} NOS—- I+ &5 "7 A Ldof wf-¢ Fagh
dge dct'? RMLE #23F Y chemokine® H%Z wij7f
ARE Ao 2N uAHAR % neutrophil? T
He 458 JAsE a8 UetllEe 2oz g

SEINA BFT, HAAE, Ex1E HAWSS 2E
3= g A¥dtm gA kY. RML ol PBMC
W gxel delpE S 35 SAEE A
Zth, RMLL2 nlqHR| 2 28] TAE = 5 &4 o] diste] |
AuhS-E atH o2 2H3te] ¥ &40 st 38 M
A A&k,

nAEA i SERYE HE2FAN du)y HEe 39

e
X,
ok
o
_lf‘.{,i
2
o,
N
il
o
32
=
=
N
fl
-
X
fr
)
bl
Lo
ot
R}
N
N

CHZF I o= BEEH Yo RML
SAZY] a7t FEE A w2 F7)9F FE7H
v 2 FASHA FAIEHIL e BED = A ol TS
RML2 wAHA2 3 TAEE H23of &4 tisto]
ERHOR HE T o e 7HedE A A
2 =59 A3 2HE FIEsH Y nAHAR st
= H7e & oA dAE o i, g MK
E3hEol 450 #dd RS dast Hontso] #Hd
ARES] st 2UE YehiTh ol ik, R, HMK
E4EY AR A2 71 997 330 2838t Al EH
RML2 935 % 9I9AA =4 = U3t #7]s &d 2 A
Adell &82 & &< AARHET

¢

¥

V.75 =

= =

£ AFAE mAEA (PM10-D) f=o gt #7]s
S FEREONA i, £ EKK EEEY W7l &4

HE EIE 5] 93] B, 71BN AR (BALF) 2 7
ERER KR URERE e ERERVEESEE
a2 WSlS i - BAT 2 olee} 22 AES AT

—_

HhEg, FIE, EML B4ES PM10-D 9% FEEY
oA Lung, BALF W & A|Z<= Z+AA|# 1, BALF Y
d24 Apo|EFLel CXCL-1, IL-17AL 9814 Z4
AlFT

2. M, £, EMXK EFES PM10-D i FE2Y
oA A W 71| #7]5 A& SDMAS} 7|13 &
Q1291 MUCSHAC, TRPV1, TRPA1E -2latA 7H4A]
=

£ PM10-D &4t EEmd
A d= $& 8 F4¢ COX-2, NOS—1, TNF—¢
o] chifA drE S & |

4, PM10-D % SERE A § HET0] EAESS
2% Ak ik, R &ML BFES 9z 3t
A7, 55T, SHTE TR

5. PM10-D '8 S=RdolA Mg, 3, &ML 5
=2 H239 Azdg @i d TNF-eE daAZL
H&E FA& Foff o 23S B2 23, d29] 3718
LAHA A7 GSAZE FEAF T

olate] AntzEE PMI0-D g2 TEw oA Hu, Fig,
L BEE2 717 B RS 435 T AAE FaA
713 AAAAE 2dste] nAHAZRE 557 BE 537}
ATHIL AtmET



38

ABE

2 AE 20229 = EUEA sdH e ANEA

(TS PJ015272012022)2] 2| QL wro} 285 H19],

References

. Organization for Economic Cooperation and Development
(OECD). The economic consequences of outdoor air
2016 [cited 2019 Nov 26]. Available

from:https://www.oecd.org/environment/indicators

pollution,

—modelling—outlooks/Policy—Highlights—Economic—
consequences—of—outdoor—air—pollution—web, pdf

. Jo HJ, Park SW, Lee HI, Lee SW, Health effects
caused by partic—ulate matter and guidelines for
health care, Public Health Weekly Report, 2018 ; 11
1 458-62,

. Song HW, Ji KY, Kim BK, Yang WK, Han CK, Shin
HJ, Park YC, Hwang JS, Kang HS, Kim SH,
Respiratory Protective Effect of Salvia plebeia R. Br,
Extracts against Ambient Particulate Matter—induced
Airway Inflammation, Korean J, Medicinal Crop
Sci, 2017 ; 25(5) : 269—81,

. WHO, WHO Expert Consultation: Available evidence
for the fu—ture update of the WHO global air quality
guidelines (AQGs). 2016 [cited 2019 Nov 26]. Available
from:http://www.euro. —who.int/en/health—topics/
environment—and—health/air—quality/publications/
2016/who—expert—consultation—available—evidence
—for—the—future—update—of—the—who—global—air—
quality—guidelines— aqgs—2016.

. Brandt EB, Kovacic MB, Lee GB, Gibson AM, Acciani
TH, Le Cras TD, Ryan PH, Budelsky AL, Hershey
GKK., Diesel exhaust particle induction of IL—17A
contributes to severe asthma, Journal of Allergy and
Clinical Immunology. 2013 ; 132 : 1194-204,

. Doeing DC, Solway J. Airway smooth muscle in the
pathophysiology and treatment of asthma. Journal
of Applied Physiology. 2013 ; 114 : 834—43.

. Fuks K, Moebus S, Hertel S, Viehmann A,
Nonnemacher M, Dragano N, Mohlenkamp S,
Jakobs H, Kessler C, Erbel R, Hoffmann B,
Long—term urban particulate air pollution, traffic,
noise and arterial blood pressure, Environmental
Health Perspectives, 2011 ; 119 : 1706—11,

. Peters S, Reid A, Fritschi L, de Klerk N, Musk AW,
Long—term effects of aluminium dust inhalation,
Occupational and Environmental Medicine, 2013 ;
70 : 864-8,

10.

11,

12.

13.

14,

15.

16.

17.

18,

19,

20,

22,

KR E B & 35— Vol. 37 No. 3, 2022

Hoffmann B, Weinmayr G, Hennig F, Fuks K,
Moebus S, Weimar C, Dragano N, Hermann DM,
Kélsch H, Mahabadi AA, Erbel R, Jockel KH, Air
quality, stroke, and coronary events: Results of the
heinz nixdorf recall study from the ruhr region,
Deutsches Arzteblatt International, 2015 ; 112 :
195-201.

Ghio AJ, Smith CB, Madden MC, Diesel exhaust
particles and airway inflammation, Current Opinion
in Pulmonary Medicine, 2012 ; 18 : 144-50.
Barnes PJ, Cytokines as mediators of chronic asthma,
American Journal of Respiratory and Critical Care
Medicine. 1994 ; 150 @ S42-9,

Bohadana AB, Massin N, Wild P, Toamain JP, Engel
S, Goutet P. Symptoms, airway responsiveness,
and exposure to dust in beech and oak wood
workers, Occupational and Environmental Medicine,
2000 ; 57 : 26873,

Park YB, Rhee CK, Yoon HK, Oh YM, Lim SY, Lee
JH, Yoo KH, Ahn JH, COPD clinical practice
guideline of the Korean Academy of Tuberculosis
and Respiratory Disease: a summary, Tuberc Respir
Dis (Seoul), 2018 ; 81(4) : 261-73,

Kim TH, Yang WK, Lee SW, Kim SH, Lyu YR,
Park YC. Inhibitory Effects of GGX on Lung Injury
of Chronic Obstructive Lung Disease (COPD) Mice
Model. J Korean Med. 2021 ; 42(3) : 56—71.

Chae BS, Shin TY, Effect of Fresh Rehmanniae
Radix Methanol Extracts on the Production of
Cytokines. Yakhak Hoeji. 2006 ; 50(1) : 184—90.
Herbology editorial committee of Korean medicine
schools. Herbology [Boncho—hak]. Seoul : Young—
Lim Press, 2016 : 232, 633,

Kim JS. Effect of Rhemanniae Radix on the
Hyperglycemic Mice Induced with Streptozotocin,
The Korean Society of Food Science and Nutrition,
2004 ; 33(7) : 1133-8,

Bae HK, Seo BI. Inhibitory Activities of Rehmanniae
Radix 30% Ethanol Extract on Acute Gastritis and
Peptic Ulcers, Kor, J. Herbol, 2019 ; 34(2) : 1-14,
Kwon YD, Song YS. Effects of Rhizoma rehmanniae
adminstration on the Innate and Adap tive Responses
in the Mouse, j. of Oriental Rehabilitation Medicine,
1998 ; 8(1) : 233—54,

Ju MJ, Kwon JH, Kim HK, Physiological activities
of mulberry leaf and fruit extracts with different
extraction conditions. Korean J Food Preserv,
2009 ; 16 : 442-8,

. Byun SH, Park SM, Kim SC, Cho IJ, Anti—fibrotic

Effect of Mori Folium Extract in Hepatic Stellate
Cells, Kor J Herbology. 2013 ; 28(4) : 49-55,
Hunyadi A, Veres K, Danko B, Kele Z, Weber E,



23,

24,

25,

26,

217,

28,

29,

30,

31,

32,

33.

34.

AR f2 #7155 &4 FEEDolA RMLY 287 B35 a3} 39

Hetenyi A, Zupko I, Hsieh T. In vitro anti—diabetic
activity and chemical characterization of an apolar
fraction of Morus alba leaf water extract, Phytother
Res. 2013 ; 27(6) : 847-51,

Naowaboot J, Pannangpetch P, Kukonqviriyapan
vV, Kongyingyoes B, Kukonqviriyapan U,
Antihyperglycemic, antioxidant and antiglycation

activities of  mulberry leaf  extract in
streptozotocininduced chronic diabetic rats. Plant
Foods Hum Nutr, 2009 ; 64 : 116—21,

Freidwald WT, Levy RI, Fredrickson DS, Estimation
of concentration of the low—density lipoprotein
cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem, 1972 ; 18(6) : 499-02,
Editorial Committee of Oriental Medicine and Herbal
Medicine, Herbal medicine, Seoul : Younglimsa, 2005
1 647-48,

National College of Korean Medicine Textbook
Compilation Committee, Herbology. Seoul : Youglimsa,
2008 : 644-55,

Kim H, Effect of Maekmoondong—Tang on the
immunomodulatory action, Korean Journal of
Oriental Physiology & Pathology. 2003 ; 17 : 946—51,
Kim HK, Lee JY, Han HS, Kim YJ, Kim HJ, Kim
YS, Kim HM, Ko SG, An HJ, Lee YJ, Park W,
Immunomodulatory Effects of Liriope Platyphylla

Water Extract on Lipopolysaccharide—Activated

Mouse Macrophage. Nutrients, 2012 : 4(12)
1887-97.

Ahn JH, Effect of Liriopis tuber on Liver function
activity, Department of Pharmacy, Catholic

University of Daegu. 2000,

Choi SB, Wha JD, Park S. The insulin sensitizing
effect of homoisoflavone—enriched fraction in Liriope
platyphylla Wang et Tang via PI3—kinase pathway.
Life Sci, 2004 ; 75(22) : 2653—64,

Huang TJ, Tsai YC, Chiang SY, Wang GJ, Kuo YC,
Chang YC, Wu YY, Wu YC. Anti—viral effect of a
compound isolated from Liriope platyphylla against
hepatitis B virus in vitro, Virus Res, 2014 ; 192 :
16—24,

Yoshitaka I. Research on the quality distribution
of JIS type—II fly ash in Japan., World of Coal Ash,
www.flyash.info/2007/67ishikawa.pdf (cited by
2007 May 7).

Lim HB, Kim SH., The effect of crude saponins of
Korean red ginseng against airway inflammation
and airway hyperresponsiveness induced by diesel
exhaust particles in mice, Korean dJournal of
Medicinal Crop Science, 2009 ; 17 : 90—6.

Fonio, A, Uber ein neues Verfahren der
Blutplattchenzahlung, Dtsch, Z, Chir, 1912 ; 117, 176,

35,

36.

37,

38.

39,

40,

41,

42,

43.

Grace MS, Baxter M, Dubuis E, Birrell MA, Belvisi
MG, Transient receptor potential (TRP) channels in
the airway:. role in airway disease. Br J
Pharmacol, 2014 ; 171 : 2593—607,

Wang G, Xu Z, Wang R, Al-Hijji M, Salit J,
Strulovici—Barel Y, Tilley AE, Mezey JG, Crystal
RG. Genes associated with MUCS5AC expression in
small airway epithelium of human smokers and
nonsmokers, BMC Med Genomics. 2012 ; 5 : 21,
van Manen MJG, Birring SS, Vancheri C, Cottin V,
Renzoni EA, Russell AM, Wijsenbeek MS, Cough
in idiopathic pulmonary fibrosis. FEuropean
Respiratory Review, 2016 ; doi:10,1183/16000617.
0090—2015.

Park MK, Seong MG, Lee MK, Effects of TRPV1 in
formalin—induced nociceptive behavior in theorofacial
area of rats. Journal of the Korea Academia—
Industrial cooperation Society., 2014 ; 15(1) : 316—22,
Son HJ, Kim YS, Misaka T, Noh BS, Rhyu MR,
Activation of the Chemosensory Ion Channels TRPA1
and TRPV1 by Hydroalcohol Extract of Kalopanax
pictus Leaves, Biomol Ther, 2012 ; 20(6) : 550—5,
Lukacs NW, Hogaboam CM, Kunkel SL, Chemokines
and their receptors in chronic pulmonary disease,
Curr Drug Targets Inflamm Allergy. 2005 ; 4(3) :
313-17.

Traves SL, Donnelly LE, Thl7 cells in airway
diseases. Curr Mol Med. 2008 ; 8(5) : 416—26.

Ge Y, Huang M, Yao YM. Biology of Interleukin—17
and Its Pathophysiological Significance in Sepsis.
Front. Immunol. 2020 ; doi.org/10.3389/fimmu.
2020.01558.

McCreanor J, Cullinan P, Nieuwenhuijsen MdJ,
Stewart—Evans J, Malliarou E, Jarup L, Harrington
R, Svartengren M, Han IK, Ohman—Strickland P,
Chung KF, Zhang J. Respiratory effects of
exposure to diesel traffic in persons with asthma,
N Engl J Med 2007 ; 357(23) : 2348-58,



