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Anti—aging effect of Codium fragile extract on keratinocytes damaged
by fine dust PM10

Bo Ae Kim

Department of Cosmetic Engineering, College of Technology Sciences, Mokwon University, Daejeon, Korea,

ABSTRACT

Objectives : Fine dust caused by environmental pollution cause oxidative damage and skin aging. In this study, The
possibility of using the Codium fragile extract (CFE) as an anti—aging product for skin improvement was evaluated by
confirming the protective effect of skin cells from PM10 (particulate matter 10) through inhibition of ROS and MMPs,
Methods : In this study, elastase and collagenase inhibitory activities were evaluated, Cell viability was evaluated by
treating keratinocytes (HaCaT cell line) with CFE at various concentrations, The cytoprotective effect from PM10 in
keratinocyteswas evaluated using the 3—[4,5—dimethylthiazol]—2-yl]—2,5—diphenyl—tetrazoliumbromide (MTT) assay.
ROS (reactive oxygen species) was measured in keratinocytes damaged by PM10 using DCF—DA (2',7  —dichlorofluorescin
diacetate) fluorescence staining. As an anti—aging effect of CFE, MMP—1 (matrix metalloproteinase—1) and MMP—1
(matrix metalloproteinase—9) inhibitory activities were evaluated.

Results : As a result, CFE decreased the activity of elastase and collagenase, As a result of evaluating the toxicity
of CFE, it is non—toxic at a concentration of 10 to 80 ug/m¢, Although cell viability of HaCaT cells treated with PM10
decreased, cell viability increased by 38% when treated with CFE 80 ug/m¢. Also, ROS decreased by 8.4%, and MMP—1
and MMP—-9 decreased at CFE 80 ug/m¢,

Conclusions | CFE showed excellent cell protection effect, and it is considered that it can be used in anti—aging products
for skin improvement by effectively inhibiting ROS and MMPs from keratinocyte damage caused by fine dust.

Key words : PM10, Keratinocyte, Oxidative stress, ROS, MMPs, Skin aging

I.A & Q9] Fa Aol g3 Y, MRt So B EHM
29|17} 7@l At o712 ol <ste] TR A FIFS

A AARD 4G EAT AAEEY 2HF Ee AL oo 22 924 Agy} 27 B2L3E et gy
324 Xﬂe LAAAY. 53], dr7ledEde 2571 LgEdAE &F (09, owi}ﬁi (NOy), °]itsta} (SO»)
R, g, HAH dge] (A AYe fdste dd S9] 74 JE} thafat 249 Bg AR} E-o] ghETH,

*#Corresponding and First author : Bo Ae Kim, Department of Cosmetic Engineering, College of Technology Sciences, Mokwon
University, Doanbuk—ro 88, Seo—gu, Daejeon 35349, Korea,

el : +82—-42-829-7569 - Fax | +82—-42-829-7561 - E—mail : kba@mokwon, ac kr
- Received : 12 June 2023 - Revised : 10 July 2023 - Accepted : 25 July 2023



46 K E A BB & 3E— Vol 38 No, 4, 2023

S AxAF B2 PM10 (particulate
matter 10)o]2ta 3tm AHE%, wfY R oA LAYct= WA,
daEd, 2718 T& 23T, S4E540] ofd ©AR o]
FolXl & Aol stejgtE YAE vlAsH #H= S E
A Az 290 54& vetd 5= ok 53] A7 He
A= PM109] aryl hydrocarbon 59 ZI% §7|33E7}
g, IR, AYES} T2 FE45E I xdst= AoH,
7)ol A o] itetg, f71EETY S-S S B =
Aot Y PM10L &, 2, 3%, A 52 3 AUE ¢
2 4 Jen, gi myojut uiayo] ofgte A uko]
283 A5 5 Atk PM10Y A& Al=Z Yoo A 3slst
vhgolut ESHE tALE B3 Ed4t4F (ROS)S LAIAIA,
bt A 4% WS dot . dhH, thoFst 79
PSR 7F PM100]| 93] f0 == Alst AEH A0 AF W

AN A B AL BIFe ¢ =20 H 5 J2A
713 Qb0 mAEAE wRet SE7)o FHH
AETL 2N &4 =S 53] vAA = 7%
T A2, A4, ofeg4y HRY, =T 22 434
T RAG ] Aol FFL vAH), AP EE AHFe]
oA 71 Yol AT AZolth, Fafgt R g
gk R &jzte] Wojd e g2 Az FHof thefet e 4] =&
A| (pattern recognition receptors)S W& 3| A|ZE7} c}oFst
HYAE d4str WY whgo] APdrt, ZAFHAMELE
cytokine, chemokineE X35t G5 A Ao 7|Hsl=
othget EAE AT AAFAMEZE IR WY A
ZAst §Aot=dl FF gTE 5tH, ZEAEL &4
% HRAgE EFPL 59 w2 ¢ Ayt BHo
e,

A7y (Codium fragile)L HZF3o| &8s 52Fo|H £
Ut BobAlol, ©Alopof sero] HERTHY, el 4
FEoMe 7S EEA dd BRe A8 SRR A
&8 FuE ", A, AFAGelAe UE 59 AAER
AHEERL, 2T F2 EE stoloAk 4808 o]8H
THY o 25 Pzhe AHopd Aol B (hiLifman oA 4
(D)o z 7|5Ho o, 9P dFgos upgFos
gt LeAe 7R 2 | 23R (HuEs) 7t Lt Boks
st vk, FYRY, ExE, AdEx, AeEx 59 1
A9l 7150l Qe AL Hol dziE F4S A§os A
ks AL & 5 A, B3 2L 9o vpAE FSET
FEA R A7t Y= Aoz A e, 53] 7135l
ot A, Wil 52 =35 AT AF Y3 A=A QL
TFA R AFGEA vt HZF FEEL A4S, 22 3
4 g anel "y 4E 7, of2] ZopollA 38T
S F83 AEFOIY, H2F H7HS BHSE, cellulose,
pectin, mannan ¥ xylan 59 ttd-R{E F5514 =gt
QTHT-19

2 Al B4E PMI00] FH AAYHARAN 2
&g FEEY NEZEZIHI, ROS, MMPsE BH¥o =
Aoz wie] AASE AT Fed}t AFo) &8 >
U=AE B7Fst= Zolth, PM109] =&2 ROSY S
SE3H MMP-1, MMP-9 59 %718 Z#stuna? &2
Aol Al FEez AR skt PM10 50 ug/ml2
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£ §23t ZR-FPAPAE A elastase, collagenase
activity, MTT assayS ©|&3%t NZAZEE, DCF-DA 3%
AL 0]83 ROS &4, MMP-1, MMP-9 W& o & CFE9)
FEALS Hrlehdt, 2 dF 2N FZ e FE5E9
o NHA] o] o3t T RAE EAL ¢tAsty avtE oz s}
Sted E2S € 4 e ALE FlHged, =Y ROS
4, MMPs 84 H71E 53 g3 MAS g dwest
AEo] S84 5 92 Ao=Z AFRHL

o2 T A

)

A7 Ad GoA HHE A& AHE
| 2= Az & B4 32 100 g
I FA 70% N2 (FAAWLYE, Jeonju, Korea) 0.9 LE
Lj2 718} 45°Col|A 40 KHz (Vibra—cell, Sonics VC750,
USA)elA 1A7F & 25T &3 o]F FEENHS
A& 4,000 rpmoA 58 ¢t ATHE Bt &
& FEN-2 Whatman No 1 filter paper2 35} rotary
vacuum evaporator (EYELA, N—1000, Tokyo, Japan)®
F5stEeH AAF 8.7%9 #5ES UEHUUT. FEE2
—70CoAA BItHA BB HS 3T

2, Ao

A sEufjoFo]] AE-H fetal bovine serum (FBS), penicillin/
streptomycin, dulbecco's modified eagle medium(DMEM),
trypan blue stain2 Gibco BRL Co. (Grand Island, USA)
oA FU3P A, fine dust PM10 (ERM—CZ100),
haemacytometer (Marienfeld GmbH, Marienfeld, Germany),
3—[4,5—dimethylthiazol]-2—yl|—2, 5—diphenyl—tetrazoli
umbromide (MTT), dimethyl sulfoxide (DMSO), 2°,7’
—dichlorofluorescin diacetate (DCF—DA), porcine pancreatice
elastasetx Sigma Chemical Co . (St. Louis, USA)o|A ¢
ShTh

3. Elastase®} collagenase A 3ls &3

1) Elastase Malls &H

Elasting £aste] £5 34 =t 544 elastase?]
AsleS SAsAT. 7 F2E 0.1 me2} 0.2 M Tris—HCI
buffer (pH 8.0) 1 mL, 0.8 mM N-succinyl—(Ala)3—p—
nitroanilide 7]d €9 0.1 m¢-& 23311, 1.0 U/m¢ porcine
pancreatice elastase 0.1 m{-& F7} & 37CA 30& <3t
U2 Ao 410 nme] FA oA p—nitroaniline A
FREE 243G, Elastase AHFAEE T A4
A& o]-§ste AEst Tt
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Inhibitory activity (%)
= [1_}\]§7§7]-T} (OD30 min_ODO min) / "?‘%7]-7} ODO minJ
x 100

2) Collagenase Malls =4

FE 47 FHAEHE 549 collagenase A3 EHE =
Astgth, 0.1 M Tris—HCl buffer (pH 7.5)°] 4 mM
CaCly, A7} 25 =82 0.1 m¢, 4—phenylazobenzyl
oxycarbonyl—Pro—Leu—Gly—Pro—D—Arg (0.3 mg/m{) %
=9l 7]F8N 0.25 mLS £ ¥ collagenase 0.2 mg/mé
FER 0.15 mE H7FTH A2 26T (£3)9A] 20 BH3-
A7l & 0.5 m09 6% FAAC R HI-S& AHZ|E}AL, ethyl
acetate 2 m¢ A2J5to] 320 mol X FFEES SHIGHP),
Collagenase A== thd AHAE o] 851o] 4H=315ATE

Inhibitory activity (%)
= [1-A2H7}E (OD30 min=ODo min) / T 7F ODo minl
X 100

4, A zujg PM10 A2

A ZAEA MESF (human keratinocyte cell)&=
HaCaTA|Z (Korean Cell Line Bank, Seoul, Korea)S A}
319t AZEE 10% (v/v) FBSE Z33 DMEM HiA S
Aggony 37C, 5% CO, ZAMA Ao wjkstct,
PM10& DMEM Hix]o H7}ste] 50 wg/meo] HF sE=7F
HEE skt

5. MTT assay

A7t 2229 L ro| 2 =43 PM10CZEEQ A2
B3 F0E P78y 98] MTT assayS 4338ttt HaCaT
A ZE 96—well plated] 1x 10%cells/wello] == #3311,
ANEE g T2 AT F 37T, 5% CO, 27A 24
A7t vjeFateh, o710 5 mg/m¢ MTT €< 0,02 m(S H7}
ato] 3AIZE HEGAIZ] & kS AA B ZF wellol DMSO
0.15 mE AHzste] A2eA 3087 ¥H& A7l F ELISA
reader 540 molA FFEE SFsIAH Ax 54 SH2
N &EN A7t BH7EY 8= AAagR Uit

6. ROS B4 &4

NxZE g3 FXAAQ DCF-DAZ ROS BAH& &4}
Aot HaCaT AlZo] 10 uM DCF-DAS X 2J3}e] 5& o=
A3y W JEE BRSGOH 208 WA, oF
AEZE 1% SDSE EZ 3 4&=8N (20 mM Tris—Cl, 2.5
mM¢®] EDTA, pH 7.5)° &3igt ¥, 13,000 rpm oA 30%&
APestn A5oe dssn. 3% FEE I B
488 mm ¥ = 1 525 mmol| A 33 @n]7 (Nikon, Eclipse
TS100 Epi—fluorescence, Tokyo, Japan)2 & dZ ZJ=E
2gan, 4gETe) FRYES NE0E o] WEE
(% of control)Z 4=X|3}319 ),

7. MMP-1¢} MMP-9 &3

HaCaT A ZE 96—well plateS A3 5 x 1072 3o
47 FEES FEH iR &5ty sEEE 24A7F v

PM10& 233 viX]of] =EAA AEZ &S FET T AX
HjoF e HE 189 x golA 5& &< YAHE sl MMP-1
2 MMP-9 level& & MMP-1 (cat. no. DMP100,) %
MMP-9 (cat. no, DMP900) ELISA kit (R&D Systems Inc.,
MN, USA)E A}g3}9] fluorescence microplate reader
(Molecular Devices, LLC, Sunnyvale, CA, USA)oA =
o,

8. A4 A%

A% ZAT]E mean + SEMS=Z UEHYI, SPSS
(Statistical Package for Social Science)WIN 25.0 TZ71
HE F8ste] AT dEx2ad 7 AL H49
Aol SHRE —FAAY IR ZAHEA (ANOVA)S
AAstgon, AFHAL Duncang AAISHATH o4

p (0.05 7% B fFo4d0] A= A2 At

1. Elastase A3EA

£ AFof|A FNRT-S elastase A& o] &2 ursolic
acidE AHE3LE2m? 100 ug/ml S=NA 15.77+0.45%2)
Al EdS Jetlida, A8E At g2 SAAdzEL
09 & Yetlidth H7Zt ogg =55 (CFE) Ad 4
o AL 10, 20, 40, 80 ug/ml HE=NA 22 11,63+
1,13, 12.87+1.48, 13.50+0.88, 15.53+0.57%%] A&t
4E& Uetigitt (Figure 1),

Hastase inhibition (%)
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CFE (ug/mL)
Figure 1. Elastase inhibitory activity of ethanol extract from
Codlum fragite (CFE). Data shown is from representative experiment
repeated three times with similar results. The values are the
meanzstandard error of mean *** p(0.007 compared the
control aroun.
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2. Collagenase A3|EA

Collagenase 43184 S4< o] FHAHN=ZLE EGCG
(epigallocatechin gallate)S AFE3IH 2™ 100 ug/ml H=
oA 21.74+1.85%%] &S Uttt A=E AsHA
B SAANEZE 09 & HEHUS B dEgE =&
AT AFF9] F$ 10, 20, 40, 80 ug/ml FEoNA
6.20+£0.71, 11,17+1.65, 12.,60x0.65, 16.14%0.78%
AsfgdS detlgiet (Figure 2).
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Collagenase inhibition (%)

Figure 2. Collagenase inhibitory activity of ethanol extract from
Codliumn fragile (CFE). Data shown is from representative experiment
repeated three times with similar results. The values are the mean
+standard error of mean *** p(0.007 compared the control
group.

3. MZzRS a3

PM102.2 &4 =8 HaCaT A X2 EA3 A7 &
EY Boadte] o3t NZHEES B8] fIste], MTT
assayg +Potct, H3ay Ay ¢A H FEEC
10, 20, 40, 80, 100, 120 ug/me3} Zro] Thefst L= & A
Z=X4E g7k EY 2 23 100, 120 wg/meolAE ZA4E U
BFiglew, o]Fo] 80 ug/ml °]5te] E4o] §le T2 4
e s, AZEEE =5 PM10Y 50 ug/ml &
o)A ZAFANEE 55.12+5.65%2 NEYEL] T4ast
Aok ¥HH HZE oghE FEES A A Ad2 A+
10, 20, 40, 80 ug/m¢ F=o)A Z}Z} 58, 16+7.29, 60,69+
1.47, 70,93+1.30, 76.13+16.00%2 A& 1=
7% PM10 ©5 H2|tol vla] AlZAYEEo] 38% F7FetA
Azra avg Jetl oot (Figure 3).

4, PM102.2 41313 &48 5238 A=Y ROS
7}

A7}t oere F&E0] PM10 =9 93 doju= 22y
A We E4kas Fhae] F3E YelEXE B8]
{8 DCF-DA 3% &4& ¢33t 1 23 PM10 &5
Ao A= ROS7} 175,40+9,41%2 24t 7ol H]3) oF
35% F7Fsttt. B A7 ok =25 10, 20, 40, 80
ug/ml FER A APFo A= ROS A7 42 170,77+
2.21, 17.60+9.92, 147.77+19.50, 127.53+4.39%% &
oJatA =P, 53] HFE 80 ug/ml ==
PM10 &% Aol v|s] 8.4%9 ROS7} ZAaEo] Jzh:
SEo] uAHA ] o7t A E | ASHH £ A= A
o 2 Yehydth (Figure 4).
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Figure 3. Protective effect of ethanol extract from Codium fragile
(CFE) on the PM10 induced cytotoxicity. HaCaT cells were exposed
to PM10 (50 pg/md) and treated with various concentrations (10,
20, 40, 80 ug/md) of CFE. The data is expressed as percentage
cell viability and represent the means. (a) Cell viability with various
concentrations of CFE, (b) Protective effect of CFE on keratinocytes
damaged by PM10. Data shown are from representative experiment
repeated three times with similar results. The values are the
mean=standard error of mean. ### p(0.007 as compared the
control group, **p(0.01, ***p(0.007 compared with the PM10—
treated control group.
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Figure 4. Cellular antioxidant activity of ethanol extract from Codiurm
fragile (CFE) in PM10 induced oxidative stress in HaCarl cells.
Intracellular reactive oxygen species (ROS) levels generated by
PM10 were detected using a spectrofluorometer after DCF—DA
staining. Data shown is from representative experiment repeated
three times. The values are the meanzstandard error of mean.
##Ht p(0.007 as compared the control group, **p(0.07 compared
with the PM10—treated control aroup.

5. MMP—-19} MMP-9 A3&A4

MMP-1 ¥ MMP-9 A&y B7Hs #3559, PM10
50 ug/mfE HaCaT AMZol| Mgt Z-¢- MMP-12} MMP-99]
ol F7kstact. B 7t ogkg 2&E 10, 20, 40, 80
ug/ml FENA FEOEHOZ MMP-13F MMP-99] &2
PM10 @5 A2jitol| vla] s=Ed o2 AR =it MMP-1
FEE SAYRZ B3 PM10 9% H2|ZoA 9.3H),
MMP-9 F&+= 144 =9kth, djz2d o2 7t &8 80 ug/ml
A o= MMP-1 @ MMP-9 $:3%o] Z+z} 38.5% ¥



AR PM10L2 &4E =8 AEZ N EAAN B2 (Codium fragile) FE82 F=3t A3} 49

55.6 %2 I3k askeet (Figure 5). webd slolel:
37t 32 2o] nAUAR QA3) Z7FHe 7 5A L] MMPse]
WAL Aok 25 YA AT 5 9 AOR BaEr
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Figure 5. Effects of ethanol extract from Codlium fragite (CFE) into
matrix metalloproteinase (MMP—1 and MMP—9) secretion by PM10
induced HaCar cells. Cells were treated with CFE before PM10
exposure. The level of secretion of (a) MMP—1, (b) MMP—-9 were
measured in the culture medium of PM10 treated HaCarl cells.
The values are the mean=standard error of mean. ### p(0.007 as
compared the control group, ** p(0.07, *** p(0.007 compared
with the PM10—treated control group.
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u]A'H A= DNA €4}, A& 1H4Es) (lipid peroxidatio) @
g 712 2 J 3} (protein carbonylation)E 28k ROS
£ AAdsto] ZAAFGA ZNA 48] AEHAE FEIT
PM10o]| 98 &gl A5ad AE#AE TNF-¢ (tumor
necrosis factor—e), IL—18 (interleukin 1 beta), IL—6
(interleukin 6), IL—33 (interleukin 33) @ TSLP (thymic
stromal lymphopoietin), A3 2P, nA A= o
o5t Akt AEF AV AYPH & A HFEHSE A% Aot
Ao A2t &Aoo oo Ak, whabd & ROS &7
& THEAE S/4do] ¥ Hafe ROS 2AA= At
2EY AR Q3 thekst AW oietal Alojsty] gt gokE
= 715A8EE 2AE Jidste b oldEd WEke]
=

Az dig 71E Aol e FE2A S WE ot &
Uetdl= Aoz g8A Aok 5, 8-S, HgE &+
o] A g, F4E 58S ey, s &89

47%9 DPPH el £A5E& Uit 2 dd

FSHA| 241 9] ©o]-& 7ha/dol Wigh A7t wen HEE,
oHolAElo|E, B4t 202 £ FASHSS YERHT! Y,
E3E HZt o HotA|H 0| E, RERE EEEo] UVB =& 93t
AEEAo =z HE COX—2 (cyclooxygenase—2), iNOS

A

do e o

o%‘ o, ﬂ]‘lN' oL

U

(inducible nitric oxide synthase), PGE; (Prostaglandin
Es), NO (nitric oxide)?} Z2 G357 QJAE EF oz
AR Ao 2 A7 H vyl Yot ol T APATE v
° 2 st} HZ 2EF0] nlAIHA o o3t Z-AF PN E 9] 4t
3ty &L JAT 5 A=A diste] dHY AEE =3
skt

Elastin®} collagen< I8 &3S §X5}Y, elastase?t
collagenasex Z}Z}F elastin®} collagens E3l5l= G424
L3pstAL QR A Rl oste o]z o] Ayl S
olF 49 o] FUIetY B RFET @S TN
Z "B AL elastase?} collagenaseE AT FE/HA
2RE et Zolgt & 4 Sk & dAFtelA= 37 o
e FEES AEF A AA st PM109] elastase
AL Brietet, 1 21 34 FE2E 80 wg/ml 5%
oA 15.53%£0.57%2] A|E/EE Uetfol FddzL
ursolic acid®t fFARE A4S Uetl= 2oz uehydth
Collagenase A3|&4 SHolA= FZ et FE2E A=
80 ug/m¢ HEONA 16.14+0,78% A3H&4S Vrebf it
olg|gt Atz HZt FEE| FE/MAALE T HALA
2A9] &8 7HsAo] e RS 9ugith

AP PN x| D FE2ES Adsty PM10o] o3 &
Ao g Heo N 2RI aIE MTT assay= H7FsHAT.
A3 PM109] 50 ug/ml FE2 FEA T FANRTAME=
AP JA Z Y BEE0] 55.12+5.65%= 75t WHH
A7 ek FEE APTolA HLFEA 80 ug/meolA
76.13£16.00%2] A|ZHE2&S VeEtlo] PM10 &5 A
ol Hl3j| 38% AEZAYEEo] F71% AL Hof PM10C =R
Ho Nxzka aig Ueds ALeE dddEy, o]F A3
oA A JAE e ROSE &74517] $1sl DCF-DA 3%
AWML 25lo] Priatgeh, 1 Aa PM10 ©E Ao
175.4049.41%2 SA4d=7°) 8]3] ROS7} 35% ©14+ F7
staed, 37 dee FE2ES AT A4+ ROS
F27F AAEUY 53] AneEd 80 wg/ml FEANAE=
PM10 &= Az H3l 8,4%2] ROS7} A= oH, Azt
FEEO| uAUXA| o 93 F71e ROSE EFH O R A
7= AL 2 Uehitt,

O AEH Ao o7 mHoA FHH ROSE AlZT ol A
A BASE A Ze 2 dA 9 48} i3-S Tl AZ2E &4
AlZleh, ZH=3 ROS+ @A, DNA, A&7t 22 Al 4
QA4 &4A7] 1 MMPse] HEE S8t 22 ZA o
Ega o dgpaAd {9 EIE S8 IF =3E 7143
gt} wEba] Al W ROS oA 848 7111 d4kekA = o)
w315 AT 4= Utk ROSe AA; Az A 3HAiks} 1Atkek
+3 JA EAEAT, ROS7E T ol At F4ts} Q1AL B
Z3td AEZ Y Atstee] Fuke Aeizh Aok PM109)
=52 ROSY A 9 IL-18, IL-6, IL-8% &2 H3FA
Aol E7IR1E sl Abst A4S =gt E3 PMY =
£2 3lo|=2A| gt (hydroxyl radical, "OH), $£H-&A}
o] o]& (superoxide anion, Oy ), IAISk4 (hydrogen
peroxide, HyOy)¢} 22 ROS7} £715 MMPs, & MMP—1,
MMP-2 @ MMP-9 59| 2712 z#stnz® 2 |9
Ald gEor AAste =35ttt MMPse 3% A% 2
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A Yok B 442 Balstn, UN ok B §
Aol ol Aoz GeA Yk MMPse| TAL Ak

=

A2EHAREE F7tEY A5 Z2Z3e BE AR =
§]__q] 0_]0]01 QE}—40>

b4 ROS ZAASE B3 F MMPs AafEAdS &<l
317] €8] PM102o.2 AFsHa 241 9 =3t HaCaTolA Xz
FE2E9 FAL FUIBIY $4 PM10S ©50 2 A%t
oA MMP-19F MMP-99] o] F7Fetgal, 4=
T3 v wEgS o 22k 9.3, 148 S8k, vhd A5

254 AT FolME MMP-1 @ MMP-9 $&o| ZZ
38.5% @ 55.6%% #4H AL st o) 2HE F

a3 2 o YZh FEEO] uAHA| o o3t AtslE SAfo =
R gR2AZ 250t 224 290 A5t gt &
Al a7 2 4= S AlARs

MMP-1 @ MMP-9 #3124 H7}= £330, PM10
50 ug/m¢E HaCaT AlEZof| Agt ¢ MMP-12F MMP-99]
ol ekt Wi Az gk FE2ES] &7t SUHE
w2} MMP—-13 MMP-99] &2 PM10 ©& X2 ]3|
FrYEFgor AAHUY MMP-1 %5+ S4dxZd
Hls] PM10 &5 X2 ZolA 9,34, MMP-9 %= 144)
=9t gixFez2 AZ FE2E 80 wg/ml AZLNAE
MMP-1 @ MMP-9 4=%0] z}7}+ 38.5% 9 55.6%% 3-2l5H
ottt (Figure 5). wEbA dlojels 32 FEE0] vlA|
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