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Protective Effects of Novel Tripeptide Against Particulate Matter-induced Damage in
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8 ok & A= 3 Y ofuiAito g o]Foj X EgHeto] B9 ulAwH A o oJFk 17H7A F A A AL L
&4 IA Aol s sttt A A3 EgfgEte|s A Al njAHA o] )%t Al AFEo] oA E o
JEE& S7H7F WU 2™, aryl hydrocarbon receptor (AhR) 717 &/do] A wHo] 54 thatAl A}
HAZHEgo] TWostE 1Y 2 AQl cytochrome P450 family 1 subfamily A member 1 (CYP1A1) W
cyclooxygenase—2 (COX—2)9] W o] A= gty EGF ulA|HA o &3t Al8td AEH A A AIHE Vet
ol @5/ Aol E7IRIS TdS Asfistglal, Bi G4 @A o] BojE -5l matrix metalloproteinase—1
(MMP-1) 9] H&d& Asfistglom, A2z APE A9 =& Asfjstddct. o] A7E T8 & o, 2 A+
Egjgetol = ulAHX| o o3t JIZARF A EY APE H =8 o R 229 &A4F FES 5 e VIHES
AAsto] BE aRE U= A2 Brt, Egfeo| 29 o]ggt I EFA adt= A4t 754 3EE
a2 348 + UL Ao JlguEn,
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Abstract: In this study, we investigated inhibitory effect of Tripeptide against particulate matter (PM)-induced damage
in human keratinocytes. PM-induced cell death was inhibited by Tripeptide and the activity of aryl hydrocarbon receptor
(AhR) also inhibited by Tripeptide resulting in reduced expression of its downstream targets, cytochrome P450 family
1 subfamily A member 1 (CYP1A1) and cyclooxygenase-2 (COX-2), which are responsible for toxic metabolites production
and inflammation. Furthermore, PM-induced expressions of pro-inflammatory cytokines, matrix metalloproteinase-1 (MMP-1)
and apoptosis-related factors were decreased by anti-oxidant activity of Tripeptide. From these results, it has been shown
that the Tripeptide has protective effect against PM-induced skin damage not only through the inhibiting of keratinocyte
death but also through the inhibiting the secretion of several damage-inducing factors to adjacent skin tissue. And the
results suggested that Tripeptide with anti-pollution effect could be applied as a new functional cosmetic material.
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T4 Abdslet mAlskR ¢lsl e o] e de A
AAIRIS] 7k sk =2 X & shiolcHll
World health organization (WHO; Fact Sheet N 313, 2018)2]
B0l wha, 20169%E 3 3 A9 tirje a0z ok 40
qh igo] Z7IAPY Flom o] ZF 58% 7} s gt d
HES, 18% 7t v #HiAd #HEsk 18% 7 94 s le
A, 1Ear %7 Hto s QI Apgo s YA
371 di7] Lol ofgt 27AREe] Fdlem Uwzl v
AHA] (particulate matter, PM)= A} (particle) A5 10 u
m "|7FQ] coarse particle, 2.5 um B|TH] fine particle, 0.1
pm w[REe] ultrafine particle 2 %™, YRS =77t
2SpE AR 7Y @Rl mgel AAlo) FRks
= Ao=m dEA Qloi24]. olggt nNHA] 4 AR
2= SBElE, AaiBlE, dryolel 22 ol AdHE,
S53HE, 9 fIsRbE, 1Al vkl
4 (polycyclic aromatic hydrocarbons, PAHs) 5| 3)oH,
71HA Al EaA o] tigt FEF ejolle uF eE A 9)F
o}, 3k 5 RS uRY, ofEuld mRd, 14
TRt 52 oVIske A= duA Uk nAMvA|e] A
B34 g2 T2 S FAolg B4 Ak

J

F71sRME F450] =8 YRlotk F=Fe] F7IEk=E
o AYHoE Akeo] HAE ATS] PILE Y
sh, wAHA] W Holgs & TS AAlske A9
TE WSS ok LS WA, Ea 349
B8t Wgsio] PABKSS W Ao A
2 Hojxa]A| FHcHo-12].

PAHE A48 =o] mj R} 417 ofd Esld: 4
2A) (aryl hydrocarbon receptor, AhR)o]| Z3}5}10] cytochrome
P450 1Al (CYPIAD)Q] 2812 Z215kc) CYPIAI 4 &
Jo = Qe PAHZ} H=3 -2 54 dAHIE 2gh=] o]
Mz 5/4E& FEsh e sk, L IpgofA sk 24
Aol ofs) @ W w3 A ofsle} PRiE IS0l
o] S7ksl= AeE dHA QTi13,14].

Hefol = Thzle] 21 TH9IR) oblietbEo] Q12
2 BARIEPo] =ar QA W ThaiEo] S-S =2 o
Ko WARE 4 gl Aol Qlol, 22 s W ofet
F AN B AR EW2 A 7] o]Fo XL 9L
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Table 1. Inhibitory effects of peptide candidates on P450 activity

Peptide . . P450 activi
(10(? avy Ao acid sequence oo ratet,y %)
Pep-1 NH,-WYM-OH 21.23
Pep-2 NH,-KKMMM-OH 1521
Pep-3 NH,LRSGA-OH 14.88
Pep-4 NH,-DEKE-OH 1225

tf15,16]. SEATE A2 FaAdS wal Qlo] A& 4
g A)g Saeliy] ofetgol glonl aine] EAfals
g pelaase gaos Bk 4tk B4 7t
A3 SJef17). A7) FakE golshl o] $i WHo
alcohols, azones, hexanoates, unsaturated fatty acids@} Z-&
S} GEAS A W 54 Helol= A o)8s)
= P, 2R FeAE Addsie W, T1Eal liposomes,
transfersomes, niosomes, ethosomes I} Zro] Helo| == 74
4} 3k W Sol ATEln QIHI80]. T 2
off Az ot FEallE ol HEle| =9 oM ol
o 2= Aot o AES Agkehs WY, B N Tt
= OPH|E S acetylation) AL C UThS 01| =) (amidation)
She uh ol Q1T el

2 AFAEE vARof ofgt Mt =4S A=
Hetol= S ShHsh] flal], A&7l HA3t 2 -
2 7 ofsliAto R olso Helol= elolmejels
Aoz AR 7|H o4 EE Azl sklm, of
PAS0 27 oA 7P e ErjgiElo| =S ATEsIS]
THTable 1). & $Atoflxl= o] EfEto]|=9] ujAwz|
A oA 1S sl 7S el

2. M= 3 Y

PARPSE

Hepo]= g I ollA] ARE<EE 2-CTC resin> BeadTech
(Korea)A}2] ARES: AME81913L finoo-opr|ieAl, hydroxyberzotriazole
(HOBt),  NN,N',N-tetramethyl-O-( 1H-benzotriazol-1-yljuronium
hexafluorophosphate (HBTU)+= CSBio Co. (USA) A& At
23199tk Dimethylformamide (DMF), N,N-diisopropylethylamine
(DIEA), piperidine, trifluoroacetic acid (TFA), thioanisole,
phenol, ethane dithiol (EDT), triisopropyl silane (TIS), diethly
cther 9} 25 ghAlel ARGl XJOR Tl (Korea)o)
ARS8t ARESHITE



vjA Al ol fE =

A3z Alslo|A ARESE fetal bovine serum (FBS)=
thermo fisher scientific (USA)o|A] G-3}3 3L Dulbecco's
Modified Eagle Medium (DMEM) % penicillin/streptomycin
© U7 (Korea)ol A 7451} 3-{45-dimethylthiazole 2-y1]-
2,5-diphenyltetrazolium bromide (MTT), 2',7"-dichlorofluorescin

diacetate (DCF-DA), 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) ¥ vl= =Y EZ7 A4 NISTE] =A] tf7]
35 u]AHZ|Q] NIST SRM 1648a urban particulate matter
(PM)= Sigma-Aldrich (USA)oflA] -QJsto]  ARESHITE
CYP1Al, Bax, 3-Actin, HDAC1 ©of thgt &4|+= Santa cruz
biotechnology (USA)ollA] 91 3193, AR, COX-2,
Cleaved Caspase-3, Cleaved PARP o] T3t A= Cell
Signaling Technology (USA)oj|A +¢] 3}ch T35 MMP1
4 Cleaved Caspase-9 o] thgt 3}Ali= Abcam (UK)ol|A] -
stoic

2.2,
221, HEol= &y

Capacity 0.84 mmol/gQl CTC #7213 DMF 8ullE 39t
g RES71oIA B& WEE-S AAIRRE 919 vES7]ol 2 T
aF fmoc-methionine ¥}, 2.5 Y DIEA & DMF &= 7}
gk % 2 h ¢t Hke- AARRH 71olA] BIAE 7] E(Sigma
Aldrich, USA)= ®F3-9] 245 2016k DMFE A3 4
ARtk Al ek F Izl 20% piperidine / DMFE 2 2]
7¥sto] ofm|teAte] fimocd A|A Rk 7holA| HIAER RE
$o $2S SQlsk DMFR AlE ARk o F
tyrosine, tryptophan <oA= TR IS WHEERICE 2 G
fimoc-oln|ieAk} 2 GEF HBTU, 2 BP=F HOBT, 2.5
DIEA 5 DMF §¥l= 7jt 5 2 h g2t §k3- AR} 7}
o[A BIAER WO F4S SISkl DMFR A& AA|
otk Al k= = #xlofl 20% Piperidine / DMFE- 2 3] 7}
sto] op|ieAle] finocs A|lA T 7lolA HIAER Wik
O] T4 SISkl DMFR A3 AR 218 34 ¢=
%, cleavage solution (TFA : HO : thioanisole : phenol :
EDT : TIS = 81.5 : 5:5 : 5: 25 : )2 ARg3lo] HEo|=
£ oM 2] sk, diethly etherE o83t AR
HHE7E o83 AlAE 5 3] HARITE o] 3 Hx
ZPsie] feto|= 2F =S Ssisith

PE Feol=9] == ol high-performance liquid
chromatography (HPLC, U-3000, Thermo fisher scientific,
USA) B42 &3l &Rlskyow, C18 (Pursuit XRs, 250 *

el
<>
=
=

Foll gk gk EflEte]=e] B 7} 77
Table 2. Synthesized Tripeptide
Name Sequence Purity (%) M.W. (Da)
Tripeptide =~ NH,-WYM-OH 99.8 498.6

465 mm 100 A, Agilent, USA) 2L 0]123}0] o] %A} 0.1%
TFA in water / 0.1% TFA in acetonitrile gradient s}l -7 1
mU/min 27102 UV 214 nm ojx] HEste] 2Rl sigict:

B BRI 918 LCMSMS (200 Qtrap, AB SCIEX,
USA) 745 3geislom CI8 Aels olgsto] ofst
0.1% formic acid in water / 0.1% Formic acid in acetonitrile
gradient 30| -3<5 0.25 mL/min A S &2 MSYMSZE = 3R]
3tk MSMS B4 278 ESI Positive mode, Source/Gas
CUR = 20, CAD = High, IS = 5500, TEM = 350, GS1 = 50,
GS2 = 50/ Compound DP = 50 - 80, EP = 10, CE = 10 - 50,
CES = 1 - 102 &e] 3}it)(Table 2, Figure 1).

222, M= HHQS

Aglo]| A3t HaCaT A|E5= CLS (Germany)ollA] 115}
9131 10% heat-inactivated FBS, 1% penicillin/streptomycin 2 32
3+t DMEM HijR]=2 37 C, 5% Q0,271 Slof|A] ujoksic).

223 Nz dEs =5 A

HaCaT A|ZE 1 X 10 cellsywell WEZ 96 well plateo]]
H310] 16 h vjoF Sk Serumfree DMEM BjZ] Z710]]
A EflER|=E =2 1 h A7 & & 50 u
g/em? PM #|2J51] 72 h EoF uljoF gtk 4 mg/mL MITE
7t wellol] 20 @A Z7Fskal 4 h 3% 37 C 2710f|A] bl
G ARt & HiRIE AlASEL DMSO 500 ({15 * s}
of zEnpii(formazanys oWtk g EA|(SpectraMax
M2e, Molecular device, USA)E ARE-51o] 570 nmollA o] &
B=E S
2.2.4. AR 3 0|5 &fol A3

HaCaT A|ZE 5 X 10° cellywell =2 6 well plateo]]
Bz510] 16 h vjoF itk Serumfree DMEM H{Z] 270
A EfEe|l=E 2 1 h A AY & F 50 u
glen’ PM Z2]510] 1 h <t o sick vk 8 5 A
EE 3]4=5131 NE-PER Nuclear and Cytoplasmic Extraction
Reagents (ThermoFisher Scientific, USA)}& ©|-85}o] &
S ZEiRith 2 Aelete] vhild ok v A

S polyacrylamide (SDS-PAGE) !

Jok
>

8

electrophoresis
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Figure 1. Analysis of synthetic Tripeptide. (A) The purity of Tripeptide was confirmed by HPLC analysis and it was more than 99%.
(B) The estimated molecular weight of Tripeptide was confirmed by LC-MS/MS analysis.
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polyvinylidene fluoride (PVDF) membrane . 29] transfer 2
35ttt 0.5% Tween20-2 3E3FSH phosphate buffered saline
(PBS) o] =21 5% FARER-= ©] 5= blocking 3 AR, HDAC
A F2F e 213tk o]l F21% horseradish peroxidase
(HRP) £ western detection reagent (Elpisbiotech, Korea)2}
e & I =55 A3kl o] £ Gel Doc (Gel Doc
TM XRT, Bio-Rad, USA)C& o]u]z] EA5 Zlefsic).
225 P450 2 2ol A
HaCaT AJZE 1 X 10* cellsmell DEE 96 well plateo]]
B30 16 h vlok g} Serumefiee DMEM HH] Z71o]l4]
Erlgeo|les s=HEE 1 h A A g £ 50 nM TCDD
Aelslol 24 h F9k vioF k. wioF FR - P4SO-Glo™
CYPIAI assay system (Promega, USA)S ©]-83}o] P450 &
4= &4 Ttk Serumfree DMEM ©f 34% 50 @M
LuciferinCEES: 7} 0ei] 40 /L Helek 5 4 h voyaick
o] 3 WjrlE} substrateS 11 1 W& @510 30 min
o

HkS & HIST S Al83510] luminescence S 278}

il

226, M= L ROS x| &0l Al

HaCaT AIZE 5 X 10° cellsmell WEE 6 well plateo]]
27510] 16 h vi%f Stk Serumfree DMEM HJA] Z70f]
A ERjfE|EE FreER | h A He] o F 50 /e’
PM A2Jslo] 24 h 52t vk gief. 10 xM DCF-DA #|2]
stof 2 240llA] 30 min HiSFSIAL AlEE SRl
AIEZEA71(BD, USA)E ARESte] FLI g5 S47ch

227, |{TXt el 2M(RT-PCR)

AhR 319 F297Q1 CYPIAL, COX-29] HAS ksl 9
3 e 2742 thea} Atk HaCaT AEE 5 X 10° cellsimell
=2 6 well platec] 255101 16 h v} gk Serumfice
DMEM Hij7] 4iojx] Egjflielo]=E w5 s 1 h 2 A2
& 350 ggent PM A2}5}o] 24 h 52F ufiek gick

B ARIEZRRI TNF-, IL-13, IL-6, IL-89] Wa&
ek ffgt A 2702 thgat Atk HaCaT AIZE S
X 10° cellswell == 6 well plateo] E32510] 16 h vk
gttt Serum-fiee DMEM 2| 27104 ER|gEl0|EE &
TEE 1 h A A 33 50 ugen’ PM Heldlo] 2 h 5
oF v gt

i) E= 5 A2ZES S5kl RNA extraction kit (Qiagen,
Germanyy& ©]83 RNAES ++2]3t & RT-PCR premix
(iNtRON Biotechnology, Korea)E ¢85} ¢DNA 2 Al

ol ojg A3t Eelfetl=e] nE fs) 79

Table 3. Primer Sequences

Gene Primer
CYPIAL Forward ~ 5’- CCATGTCGGCCACGGAGTT -3’
Reverse 5’- ACAGTGCCAGGTGCGGGTT -3’
O Forward 5’- ATCATTCACCAGGCAAATTGC -3’
Reverse  5’- GGCTTCAGCATAAAGCGTTTG -3’
Forward 5’- AACATCCAACCTTCCCAAACG -3
INFa Reverse  5’- GACCCTAAGCCCCCAATTCTC -3’
Forward  5’- TTCGACACATGGGATAACGA -3’
L15 Reverse  5’- TCTTTCAACACGCAGGACAG -3’
L6 Forward 5’- AAAGAGGCACTGCCAGAAAA -3’
Reverse  5’- ATCTGAGGTGCCCATGCTAC -3’
s Forward  5’- GAAGGTGCAGTTTTGCCAAG -3’
Reverse  5’- ACCCTCTGCACCCAGTTTTC -3’
GAPDH Forward 5- GGTGTGAACGGATTTGGCCGTATTG -3
Reverse 5°- CCGTTGAATTTGCCGTGAGTGGAGT -3
3] St} o] 3 PCR premix (iNtRON Biotechnology, Korea)
9 ZF fdAE E szetow (Table 3)E 8310 AlE &4
%, PCR 74H|(Vapo. Protect, Eppendorf, Germany)E- -85t

PCR A5t 4171552 o) Wl S Shelgict

CHHX] HF54

2.2.8. EXM(Western Blotting)

1= =2
HaCaT AJZE 5 X 10° cellswell WEZ 6 well plateo]]
H=3led 16 h vjoF 3tk Serum-free DMEM HJA| 79|

A Efflelol=E FEEE 1 h A AP g 5 50 u
glom® PM A|2]5}o] 24 h 53F vl Fhck

HiF T2 & AIEZE I4slal lysis buffer= A|lZE &
sfet % BCA kit o}3a thiba ake KIsgaick. 2t A
ele] Gl GRS W S M) T SDSPAGE
PVDF membrane © 29] transfer Z13§31c} 0.5% Tween 20
EFE PBSO] 591 % ARG 0] F blocking 2 7}
QUAtEe] diet B 32k 2L Aageic PAo) Rt
HRPE- western detection reagent 9} W35t
Ao} 0] F Gol DO ofu]x] A& Hagick

2.29. 84

2 Aol AldE AE2 F 3 3] ol vEEAL
dlolele] BAH fold AHE sudents et Al
Qict. Ax}t 752 mean + standard deviation (SD) 2.2 UE}
WAL p value 0.05 BIRER] H-9-= A4 Foldo] =
Aow 715 s
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3. Znt ¥ nE
31, PM 2| 202 ME MZES 30| Al

PM Az2jo] o3t Ajiz =4S Erjgeto]=rt oAlsh=
2] Eolslr] 8l 50 ugem® PM 27104 20, 100, 200

(M FEfol= A2] S MIT assays 535131k
71 AT PM A2]ol] ©Jh HaCaT Al EE 45 E
2Efe|=7t felaAl siEATlE e e o= 99l

Figure 2).

3.2, AhR 7™ x| Al

AWRE: =S} gt 5 8 Y2 oliEslo] ARNTS}]
EIA|S o]F 3 xenobiotic responsive element (XRE)ol| 2
Adsto] CYPIAL W COX29 Was S7HI7le Ao=
AeA QUeH22]. PM o] Z3HE AR 2Rtz el
PAHs®] 252 EffiElo|=r) dAIsh=A] &Rlshr] ¢
S AR B o] Bl 3l9] 444 9 HEs wasiect

QAZZFAGAIM|E HaCaTel| 50 ug/en® PMS 22|59
= o Z43HE AR 9 Fofgo] FIsIYAL ol Ef
Hefo|Er} F o)A o7 AsfstSirhFigure 3A).

Eefgelol=o] AR 714 olE 27b Bjlsk] 9l
CYPIAl ZH=E 743 23 AR Sold 27i=2l
TCDD #|2] A] F3151A Z715 CYPIAl BA=7} ELH
Elo|= Ao o] s oEA o7 [oBt AAas B
ClFigure 3B).

B3 Q7P AA|E HaCaToll 50 ug/ent® PMES A

pats

39 o AhR Edoll wt ke 314191 CYPIAL 9
COX-22] mRNA 'I&lo] F7H=|3lal ETfgelo|= A A
e oAl At wEkE qlck(Figure 30). o]2gt 7%k
2 CYPIA]l ¥ COX-2 ©hid] el =8 yRs3S 1
o= U rFigure 3D).

o2 %3 EciHelol=sl PM U] E3E PAIEY
AR 2T 8 S o] et S Al A
e 2SI Al 54 /=S & Q=
9] QIAEe He AAE 5 e ERIE &+

3.3. tet 25 A
PM 12 A] Uptoll ke $71sekET} 24 5ol o
3+ ROS A4 T njERT o} 24)o]| ofet A]@j.x—] AE
271 9= QIA} W matrix metalloproteases&e-S- -G-=5}
At Al APE 713S fiesto] 24] &4 Y= A
o7 dHA ‘31{23 M Aol o7k Alsz Wf ROS 4343
= EiElol=rt SAlsk=A] €215l7] I8l DCF-DA A
2 & fAEZEA7|R S SAsIIh
QZHFAG AN E HaCaTol| 50 pg/om’ PME #|2]5}9)
= off tiEtel Hs oF 59% ROS F/do] F7H=]laL, o
£ EfgEel|ert B A oA 50% ol st
fHa A FAcH Figure 4).
o]%_" ol Eggete]=rt PMo s f-=H *ﬂi ‘41
2B AEAE ML B5oR AR
o 4= Ack

é

FE
_1

Cell viability (Fold)
[—)
2

aa 0 49 0 50
0.40 -
0.00

CON NC

Tripeptide (#M)

PM (50 ug/cm2)

Figure 2. Effects of Tripeptide on HaCaT keratinocyte survival following exposure to PM. Cells were treated with various

concentrations of Tripeptide with or without 50 ,L(g/cm2 PM for 72 h and cell viability was measured by MTT assay. The results were

expressed as the mean = SD from the three independent experiments.
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vjAA el ofel frEE = ALY

PM (50 pg/cm?)

Tripeptide
Con NC 20 uM 100 zM 200 uM
AhR | G Sme— —— -
(A)
PM 50 pg/cm?
Tripeptide
Con NC 20 uM 100 uM 200 uM
o —

©

>~

197 Eg]slElo)l =] BE F3} 81

¢

9.00

8.00

7.00

6.00

5.00

RLU (Fold)

4.00

3.00

7.99

2.00
1.00
0.00
Con NC 20 100 200
Tripeptide (uM)
TCDD 50nM
(B)
PM 50 pg/cm?
Tripeptide
Con NC 20 uM 100 pM 200 uM
CYP1A1 ~ W e e
B-actin .

D)

Figure 3. Inhibitory effects of Tripeptide on PM-induced AhR activation in HaCaT keratinocytes. (A) Cells were treated with various
concentrations of Tripeptide with or without 50 ,Lg/cm2 PM for 1 h and nuclear translocation of activated AhR was detected. (B)
Cells were treated with various concentrations of Tripeptide with or without 50 nM TCDD for 24 h and activity of CYP1Al was
analyzed. The results were expressed as the mean + S.D. from the three independent experiments. **p < 0.01. (C),(D) Cells were

treated with various concentrations of Tripeptide with or without 50 ,ag/cm2 PM for 24 h and mRNA and protein levels of CYP1Al

and COX-2 were analyzed by RT-PCR and western blotting each.

1.80 4
1.60 -
1.40 -
1.20 A
1.00 -
0.80 -

ROS
(DCF-DA fluorescence, Fold)

0.60 -
0.40 -
0.20 4

0.00

1.59
1.00
I

*k
1.28

*% *k

1.23 1.26

20

100 200

CON NC

Tripeptide (M)

PM (50 ug/cm2)

Figure 4. Inhibitory effects of Tripeptide on PM-induced intracellular ROS production in HaCaT keratinocyte. Cells were treated with

various concentrations of Tripeptide with or without 50 ,Ltg/cm2 PM for 24 h and intracellular ROS level of DCF-DA treated cells was

analyzed by flow cytometry. The results were expressed as the mean £ SD from the three independent experiments. **p < 0.01.
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Cleaved . ~'
Caspase-9 - - !
Cleaved
PARP.1 | = v ) G- -
. A
(B)
PM 50 pg/cm?
Tripeptide
Con NC 20 uM 100 uM 200 uM

Bractin M

©

Figure 5. Inhibitory effects of Tripeptide on PMrinduced inflammation,
apoptosis and ECM degradation in HaCaT keratinocytes. (A)
Cells were treated with various concentrations of Tripeptide
with or without 50 /,tg/cm2 PM for 2 h and mRNA levels of
TNF-0, IL-1B, IL-6 and IL-8 were analyzed by RT-PCR. Cells
were treated with various concentrations of Tripeptide with or
without 50 /,4g/cm2 PM for 24 h. (B) The levels of apoptosis-
related proteins, including Bax, Cleaved caspase-9 and Cleaved

PARP-1, were analyzed by western blotting. (C) Expression
level of MMP-1 was also analyzed by western blotting.
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Figure 6. Schematic diagram showing the mechanism of action
of Tripeptide. PM; Particulate matter, PAH; Polycyclic aromatic
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hydrocarbon receptor nuclear translocator, XRE; xenobiotic
response element, ROS; reactive oxygen species.
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