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a o © A Rt AZFE o8t AT EHIseAa)0] Al Ledte] 1)
e 9= HlJL ZASIAH. o sk Iitskpeaa MEFE dFd St vidste] MTT 84
o7 Jtsteaage] digh AlE e WAl E=E Fotdth. I A, 50tielA fefiske oF AR
otMlze} 10t kot frie uF AfrobAlEet vlwste] 10tiollA Fefiste =5 Aot oA 4t
Spparo] High BHlAlEE ] grol fojHoeR o &AL, 1009 m§ dfopdlEiEohs 1009 of
z4 71dsts AAIE7IAZAAM WAl EEe] ghol folder ¥ A WEEHH. ESF, 50 ppm I}
AeteaaE 1Y B8 AR &, 50te] mF AfrobAlEellA ohE Mol Bls) Ml el &
#8] AA= AL, s T e %*%PEHE}OWQJ Fo] S7tEE Ae WEshAT ERL Edta
o AE =4S FeAle F /A%, SFEER IetEAGPX)er 7hEeteAl(CAT) o] 2
Aol AR AS o, CATO| Wi RE MZFoA] A= @tAe, GPX f3date] Td
o] - AfrotdlzEet 10to] i AdfrotAl et A&7 ZAM dA 3] £ EI=HE A
AolGin. ool Aol St aE AR XOHE fEskal, GPXO| Hdo] &2 10t wF Hi
Alzep E7HEZETE 500 €] Jll AfrotAlzel kobd mE HfobH el EAdatagel dish Eﬂ
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Abstract :

Journal of the Korean Applied Science and Technology

The cellular senescence may be due to damage by the reactive oxygen species (ROS).

This study has compared the antioxidant activity in the human cell lines of various origins,
including 10S and 50S—derived normal skin fibroblasts, and 10S bone marrow, dental tissue and
adipose—derived adult stem cells. After being exposed to H,O,, half inhibitory concentration (ICsp)
values by cytotoxicity assay was significantly (P<0.05) lower in 50S—derived skin fibroblasts, than
in 10S—derived skin fibroblasts and various adult stem cell lines. The cell population doubling time
(PDT) and the cell frequency with high senescence associated— 8 —galactose activity were remarkably
increased in 50S—derived fibroblasts exposed to 50 ppm H;O, for 7 days, than those of
10S—derived fibroblasts and wvarious adult stem cell lines. Further, the expression level of
antioxidant-related genes, glutathione peroxidase (GPX) and catalase (CAT), was investigated in
10S and 50S—derived skin fibroblasts, and 10S—derived various adult stem cells by reverse
transcription polymerase chain reaction (RT-PCR). The expression level of GPX was higher in
most of cell lines, compared to CAT, and a significantly (P<0.05) higher expression level of GPX
was observed in 10S—derived skin fibroblasts and adult stem cell lines, compared to 50S—derived
skin fibroblasts. We concluded that old—aged skin fibroblasts seemed to be less resistant against
ROS than young—aged skin fibroblasts and adult stem cells.

Keywords * Human, Cell growth, Cellular senescence, Antioxidant activity, Reactive oxygen species

1. M B

Arere] Bt Zldigrgel AA soldel whet
AEES Aol A9A] gk eFFe AR
Abs Aol digk Aol Eolx|al glom, ol
oot AFFES Yo7t 94 HAH AAe £z
9} 7I%5°] AdlEE SHsenescence, aging)S
=30 & ¢ e A%sHA A3z} ol o
2 7FR] @ere mAlsty Qlok g JRAY w3}
A 1 WA Qrell A ZE AlaEo] eSk(cellular
senescence)’t A2 AA|oHz] e AT A
g MEe] L3k dutdoz iAol LIE &
ke olgt AlE e3to] A%l oA ERT
siot. Z|F7kA] AljrE Az 3he] jless
Az AAA, AFWREA, ikl npnd) g
34 4 (reactive oxygen species, ROS)ef| 2Jgh
A &4 Fol Sledl, aFolA 2Ag4tag
OJgt A3} AEHAVE Al k3l FH Rl
2ty Barsky AQbekal QIoh1-3]. olof] AlEE
2 Al ol BEE SEAALFTES AASH] Al
2 23 =37] 96l o9 79 Hdolut A
204 FE3 HER CH HE-7l2d 58 2
Aot oy FRO st AFS HFst] kst
£ WAt A}t Estar Qinh2, 4]

dird o= of FEAe =AY 17T &

1

92 FASH] flsiA o|qzx]zt "astkar, o]
AeAe 2= 22§71 23] AAE A
Bt Atst S Foll Aol AHEE 4 3

oz E AatstAl ok o=t AlE
(cellular respiration) IAA FOE2 &
Ay ZETE 9 Abelete] @ o
E AL 4 Stk 2y S99 4
At THAe] o] §EHAl 4teto] ZFet
Lol TF AAEHS]. old &
27t 55k AtAote MG
WS 7H BQHARE AEiell Sle
ojth. 48l 52 thAF dpAeA 4HATt
HH vk
(superoxide anion, O;)°] A=, o]
HE AZ W 5xf Agor whgAdo] £ H
oFot HAkSl4=4 (hydrogen peroxide, HyO))2 W
s Ekh Jet ALE ) whtekeast kst
A FHEW, o] Jikslrirs A9t §EEAAE 7t
2l& sto]=FA] 2 (hydroxyl radical, OH")
= "6, 7). o]FA E&o vt SAHH st
o|EEA] gHZE mIRE M AFL AU
A DNAS 33kt ofe] HExj5of thsf 4Atsh 2t
H= Rt 44T o A 7AE
Atste]o] Agdulel] &4F-8 Fo] A9 7]50]
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49 715 Astt §MA4E 7HHE & Uth
, DNA 9 RNA 59| Siihg &4gA1A 4t
o] WMyt [, QitoAHE At Ad
g oA EdAWolYt &l jlo] H7|E o}
, AEE 715E AstAlA 2 Ao ko]
oty BAskal Qlal[4, 7, 8], EAdAAT O 9
b 4teE 2E"AE B Az AEA
(apoptosis)E doFltkyr H skl Qleh6, 8l.
ditdo=z HA Ed| o8 dojd & &=
A Z2] IS s 2
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetr
azolium Bromide MTT)¥ 72 3719 wigk=
12E 7R olF YA IEY HEZHESE
(Tetrazolium salt)2 AFEste] S4=5 A5}
= Yol 7 g olgEa UtH9-11]. EF,
Aol w3t A=A Yehts 7MY & &
A F9 off= Alx A% £ A B2 &
Stolal, olgh Al AL FAst= W2 Al
z9] & AY SFAY SHT AlzZsE Al
Zol  Hl7FA7Hcell population  doubling
time, PDT)o2 2Rst= "ol QltH12-14].
dutd oz 2atE ANEZE JAH kL3ES4E A
Z e ot AR AR, 3P Yo
Uz ¢k vijol 32 FETHEEVIAE 9 A
Z 32 AE AdHde AAst . Az 4%
o] A =2 A @40l UEA] oA,
Mx w37 2 dojubr] grerH15]. B8] k&
3t Az AlEEd e EAck:s HaFd
(Iysosome)ol] =3t ¥ Hef-ZZEA| oA (B
—galactosidase) & It 4511, o] E4E Q=
2AE 2oflste] Azt mdE oA 5HE=
& O A Alx L35 SHcHe tHEHd
TAZPOITH13, 16, 17]. o] WHS Aul7 st
A AZE TEE o+ den=z, AE L3l 9
off doju= Az FHH ¥zt HEE
At Hoprl, EA4d4ta =EH AEY A
2g4tart Aot SHE YL o, o]H &4
Ao §EgSHs ofg dufzo] Exfgict. o
Al Az duwido] ZREER ikl
(glutathione peroxidase, GPX) % Z}eetolA|
(catalase, CAT)e|tH[18, 19]. o] F THia e =
2 FEo MEEAE B0 gl ER A%
AlXith, GPX @iz 22 Az, CAT
g2 F2 wEA|F(peroxisome) AE W &
71| A B/gatao] s ¥ drtal A A
ATH20, 21]. o] 4te o] Az f &

noR W i
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>

TUE E7IMZAA IS B9 whEoll it Bl 24 3
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o O e 2o H

o ZdstA ASs] fsl GAA Stas
AMH-S-(reverse transcription—polymerase chain
reaction, RT-PCR) HHo] dg| 8= Qtt
[20, 21].

oof o] oA BAstAdl oFt Al &
gol Az Le3ts e Zlo]al, AfgollA Alat
o] dAgdoluf Ao FiFell wet &Ad4tae]
g W34S ASokA shyleh Aol el
o2 AlZo] ZAgitaol Higt wgo HArE o
ofR 7] 95 A4 HAEA0H) o &0l
A BEgt Bstd ojF d-gobM E(fibroblasts),
10t o] o F Afotd s e Adiuidste] <l
AAor Az LoHs FEF 100 =& Afot
Az, 10H19] =4, ZJob & 2 A4 F2)
st S84 AAIE71AI1ZE(mesenchymal adult
stem cells)ollA] AL gt =4 AAE
MTT WRjoz ARSI ofo] whet &/g4ta
of wEH Aol HehujZpAzt EATE Ao
FHA wstet 3 3t TR HE-ZAEEA]
thobA| o] B4 E SAsto] Al we3le] JeE
ASSIA. Yo, thefet dga Alze] FF
apeh ot 4kel Gke] Aol FAQIA] &
ofE Izt FAdAitAao] WRSSe F owEld &
GPX¢} CAT §27te] #dE RT-PCR Yo
= H| WS

2. Mz H wy

2.1, MzZe| ZEH|2t Hy ¥

Tiketdgeo] ot AlEe] §REAdS RAbSH
7] 18l o] A™del AMgE 10tHe] =4-(10S
BMSC), #]oH10S DSC) ¥ AHH10S ASC) =3
el S AAIE71H Z (mesenchymal adult
stem cells)= Gristu o] g 10tH(H 4
d) o] Z4, AR 9 A x2z2]ozREH
At F9l stel Az EsiithseIHa:
GNUH IRB-2009-34). F3sF Ho st 10
t(10s fibroblasts) % 50tH(50S fibroblasts)2]
o] mE ZAo|A  FEfiol=  AlfordlE
(fibroblasts)2 Halste] z+z} mjoFslaict Halw
MEFEO] 7]EujFHe Advanced Dulbecco’s
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Modified Eagle’s Medium (A-DMEM, Gibco,
USA) AlazufjoFalio] 10% FBS (Gibco, USA)S}
FPAE Hrtste] AMESERL, 36.5C9 5%
CO; &=2uF7] WollA Zt Alzs= A9 ik
=k 3~4duit Z]2ujgAE wEke A
Zt MZFES AEZ7T 80% ol FASHA =W
A F(sub—culture)S AAISHALE. 22 &
7M1z E7]A| 2SRl ERL o]xe] ¢+
Al ZASEA[22, 23], oAl A AEiEG Al
tfuieF Mzl gt Zhzbe]l dfotMz 9
E7HZFE o] AFoA Agstdot. ES Al
Z L3 JI9deR fkotr] fsf 10He] A
frotM = 15 At (aged 10S fibroblasts)7}
2] k3E RESE o 5 Al AlzEel A
2 H|wst

2.2, EYitAaof CHSt MEMES HINSE
e =3

o] AdoA AFgH ZF AMlZZFoA dpASREA

o Wgt ¥tAlsZ(half maximal inhibitory
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concentration, ICsp) #2 MTT WHoez =45t
ok AlZEFE ZEYste ALY
(hemacytometen) 2 MZSE AL, 6-4 AE
wjF Setago] A o 1x10709] 24 AxE A
2 o2, ZF 4o 0 ppm (FAHERE, 2T, 20
ppm  (0.002%), 40 ppm (0.004%), 60 ppm
(0.006%), 80 ppm (0.008%) % 100 ppm
0.01%)°] et a4-(H,0)5 EdSh= il
HE H7ksto] 15U Bt viksialeh. 2 49
HjFol2 wieF & 3UAo M= Z7te] Hijekl
oz wARtE 15Y & 7 wikAS AlAT
o=, D-PBSE AlHstlal, MTT &84S H7ish
T oAl 4AZE ERP HiSERIER o]lF A
D-PBS® AlAsti, 7t he] DMSOZ 200 l
A7¥ste] EAptE =<l ok, ol 356ke] 50
WA 96-4 EFolEe] HZlthFig. 1). 96-4
EDo|ES] ZF EEo|Ee e Rt g%
THBLAE ARt S, T 58 R
ol-gsto] 7+ A2 HAZE(HED A o
AA BEES AUtste] 2210 2O

L o o

H:0: concentraion (ppm) a Z0 40 &0 a0 100
105 fibroblasts 100+£5,65 95,945,553 T81£553 | 4254082 7501 1]
50% fibroblasts 100+2,90 95,513,435 35,1+3.74 11,913,497 0,5+0,07 ul
aged 105 fibroblasts 1004286 96,8+3.87 78,9+2.50 17.3+4,00 0,8+0,05 ul
105 ACS 100£3.71 9791404 80,9514 | 7024511 415£0,58 1]

Fig. 1. MTT analysis in various human cell lines treated with H,O,.
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Vol. 36, No. 2 (2019) ARro] m i AdfrobA|

(http://www.ic50.tk/) 0.2 WA SE(Cs) %k

g 24stoet.

2.3. MZH{7}A|Zte] &£

Firste Ao tigh Al A A4 aaE
AZst7] ol 74 A= glsto] ALY
2 ANEsE A e, 25T AlEejof ZetaT0
27 1x 100702 AERE AE] Ao Ai
ofMlzz W Z+ ZYINEZE Mtk ZZte] AMlaE

= =

L s R Al ED)T 50 ppm
HAsGaS A7 A DA 15 Bt
wjorste] AEE Relg ohe Alm] (e
Az A4)E ZAshart. Ame] wrbazt
757 9] ool AT <85}
AeH11, 131.

0X

il

to ol

2.4, g@Lthof ot ME st HE
TSR ApTE Hl2o] wste] w2l FoF
ZARL7] f1of w3k AlazelA AdeiFoz Wy
Y= HE-ZEtEA T o] & Sttt
o] 3} FA2 HE 3} ¥l He-Z=tEAT
otA] B4 Z|E(Cell Signaling Tech. USA)E At
Bobdrk. WA 25T Alzejey Eetazol| 22

il

Ix10°70e] AfopE 2 2 E7AEE AL
o, Itekea F7F e iz 50

ppm TSRS 7L v (AAD) oA 15
SOt HjoFslaTh. 159 & D-PBSE Z}Z+e] A

F4 %
EFE AFEA, 0.2% SFEE2LH S| =S A
goto] 157 B9t A2A 1T o, oA
D-PBSE ARgsto] AlFskGITh o9 zb Az
£ 37CoA w3t ¥ He-Z=EEAToH] 4
Aoz sk St AMERAL, ©olF D-PBS
2 AT F FEMor gAY Loty HEZE
EH AR (Nikon, Japan)Z2 s

Table 1. Primer sequence for RT-PCR

£

@ E7IMZANAN Gitet 2] dhgel it

A4 7IE(RNeasy
mini kit, Qiagen, USA)E ©]-83lo] A-folA
9 747+ E7M|EA BE RNAE FE519
I, RNA ke 2334z St 1w
9] RNAE cDNA 44 H-g 7]E(Omniscript
RT kit, Qiagen, USA)E Ah&sto] 37CAA 14
ZF Bt ¥he-g fE5le] mRNAZRE cDNAR
o] de sttt olFA &4E cDNA+= PCR
7|E(Maxime pre-mix PCR kit, iNtRON,
Agste]l  FREQH. PCRE &%
TE XL 94T 57 Bt A
b oh2, 95C 30%, 60C 1& % 72T 189
Z702 353] Foto|ga thA] 72T 108 Sot
Aottt S2H DNAQ HF2 1% o=
2 A oA MG AAIste] BEStEE
(ethidium bromide)Z @A T}, #FJA Slof
A WEskedh F5Y fAAY ARe
GelQuant NET =Z2Ia(V.17.8)2 o]-&sto]
SAotqdnt. o] Ao AHgH F FAAE 25
Efx] &  m2AJttotA|(glutathione  peroxidase,
GPX) 9 ZietetolA|(catalase, CAT)oIAA, Z+
A7k Tdge FEFAARA glyceraldehyde
3-phosphate dehydrogenase (GAPDH)<¢] &t
Hlwste] g2l gtos ghitste] mA|sHITh
RT-PCR o] AHEH 1 §372-E59] Zetoln
o] ¥ Table 13} Zt}.

Korea)&
cDNA9]

26, SH 24 2y

£ Age 33 oy MEstel Akt
=45 RE e SPSSQ21.0) SAZ=I5O
2 B 9 EZOAE T o] gEol B

Genes Primer sequence (5°-3") Product size (bp)
GPX 5 -CTTATCGAGAATGTGGCGTCCC-3 387
5 -GCCCACCAGGAACTTCTCAAAG-3
CAT 5'-GGCAGCTATFTGAGAGCC-3 116
5 -CTGACGTCCACCCCTGACT-3’
5 ~-GAAGGTGAAGGTCGGAGTC-3
GAPDH 5 ~-GAAGATGGTGATGGGATTTC-3 228
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6 BAY-UY - UES - 0)F9 - AT B4} AEA - A

P9l kel 0.05
Zog skt

OllA TAbstAo0ff CHSE B x|
=
AAZ] 10l 2=t 5 {2 A
GO} Z(10S fibroblasts), 50tfollAl Ea]gt
G obA|EZ(50S fibroblasts) ¥ 10te] A
o Adujsie] kokE fES 1009
Aot E(aged 10S fibroblasts)E 0, 20,
40, 60, 80 @ 100 ppme] FAHESAST} EF
B vl A 15Y Bt wiFste] MTT =
o2 WAt Age iRt ZF ANlZe] AEES
Fig. 29} Zo] St #itsteao] F2rt
Vs AlEel AgESo] HAA #HAHFUL,
100 ppm&] IitepEAS7t ZRE vkl oA
AL BE NE7T AFEEl= AS sk
Tk 109 Z<(10S BMSC), AFRFY(10S
DSC) @ AH 21(10S ACSC)elA fefahe
A AAS7IMEESE 0, 20, 40, 60, 80

%& ofy

10S fibroblasts

50S fibroblasts

Journal of the Korean Applied Science and Technology

100 ppm®] Hifelraart e ik oA
13U59 wioFstol gA] MTT Wez wpitsl
Faegroll et ZF Al PEES Fig. 37 2ol
==k Aotz T AAY it
Spago] Tt FUIESE Alxe] QYEESS
@A5] Fastalrt.

MTT #4020 & pitstyigee] gk A2l
AE B BHERS 71zste] ZH HAgopzst

HAE AAETIAZAA AE o] gEA|
= f1Cs0)& A7gotArhFig. 4). 109 Ad-fof
Al A 1Csy S 49.5+2.10 ppm, 50d] A&
P A 1Cso #-2 36.2£2.41 ppm 1831
10t =3F AfropAlzel A 1Csy g2 48.7+3.50
ppmellen, 374 MEZF F 1Cs Ftel 10
Ao oA 89240 2(P0.05 7P =%
™, 50t AdfobMlEelA §-9]4 0= (P<0.05) 7t
2ok E=e 10009 thekst 2 AN
ot AAS7IHZEANA ME AFe] whlAls
T #HCs)e ZAA 100 ZLHE7|AE
A ICso -2 71.4£2.52 ppm, X[oFE7|A|EofA]
ICso # 68.5+2.28 ppm 181 AFE7|AHE
oA ICsy A2 65.1+2.48 ppme YERHSITE
ol2 4 Mitstpige] tigh 10t AfotdE 9
100 w3} Alfrobrl o] gEgo] 50t AlfobAl

aged 10S fibroblasts

g g g
E 2 E 20 g 80
2 60 2 e e
s $ 3
'g 40 y=-23.154x+ 135.55 g 40 y=2317x+12221 2 40 y=-24.269x+ 133.92
£ . 3 2
jfé 20 ﬁ 20 & 20
0 0 0
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
(ppm) (ppm) (Ppm)
Fig. 2. Analysis of cell viability by MTT assay in 10S (A), 50S (B) and aged 10S (C) fibroblasts

treated with H,O,.

10S BMSC

g

®
S

o
S

"\ v =-215420+ 14153

Relative Viability (%)
s
3

Relative Viability (%)

~
S

°

10s DsC

10S ASC

e \v=-22179x+138.35 ¥ =-22.629%+ 138.07

Relative Viability (%)

o 20 60 80

100
(ppm)

Fig. 3. Analysis of cell viability by MTT assay in 10S bone marrow (10S BMSC,
molar (10S DSC, B) and adipose (10S, ASC, C) tissue—derived mesenchymal

treated with H,O,.

60 80 100 0 20 a0 60 80 100
(ppmm) (ppm)
A), third
stem cells
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2 Zo= Hol 10t Alxe]
Fo] 50t9] AEH} w2
1, 10the] Z+ =A A Fefst
A AAEZIAE AtolollA ICs #2
zfolg YERfA] grorot, A AAE
OM|ZRTE  FoH o2 (P0.05) =2
ehfo] EVIHEE AfobdxHct

o tht Aol we AL & Ul

oX
Y
o

e L

r
o & M
2 e

tlo ox 1o
>

S
2

ofx
oL
2

2

>
x

2
<

do rr Y mioh R
Jor

_q]

o J

2y
filo

5

Do~ e
O_>|:4 S
r
P

(wdd) aneja %51
3

108 505 aged 10S 10S BMSC 10S DSC 10S AsC
fibroblasts  fibroblastrs fibroblasts

Fig. 4. Determination of mean ICsy values by
MTT assay in 10S fibroblasts, 50S
fibroblasts, aged 10S fibroblasts, 10S
BMSC, DSC and ASC treated with
H,O,. a, b, ¢ and d indicate
significant (P<0.05) difference among
each cell lines, respectively.

o] AFollA, s50thellA Zelet MdfrobMlEE Tt
+ 10tollM et dfotzels dpitelaa
ol Higt Aol F7FskAaL, weprt 10de]
A2t " dRoMEEGE off 237
7199 S7IMIZNA ISt iRt A9
dol o F7kstinh. & dFeld F=o 49t
st F=9 80l I sEEY T #
ol AerE AEEE Hol Akl hrH24].
HaHor A2 Bt el 704 Frxeli,
BH & ZIT AAFE 39 Aot A
o FoM 2t ARotdEe] Bt AEEd
e A AfotdlErt Fo AHfotdEE

o g Z2Y, AE kst g &A =Rt
A Rkt ERE F=o o] FUkhEA 1 F
=9 gobdle A=z zto] MEZD Slee
Atk shef, ARl AT AZEES B
ol sk ¢l M=E7F FHeE ME Lopt

Pojup] opethe 24 YAIS o tebt, A

TUE E7IMZAA A} B9 Wl it vl

5

q 7

2

S7IM 2] fHart ekl klofetal A
ATH25]. o] AFollM AlFshtel EAst
BEZIMRES] 7F ool mEt Hab o]
Eoph FAEHIL skl ot o] AAEE
AlEze] 7Hs SR oY dAle 2EE &+
1%, E7Hxs #3bd AMEZEY o g2
Alzzolal, o] H2 AE] AU kokE 3Rt
il stof, oF Al Wel EAiske E71AZ7}
wofe] & o AFHolgte AL Tl Frt

=

olt
ol
R

1

C

30 Nl rjr X ot
2N

N
[ = R

3.2, Zt MIEFO|AM M= Hi7tAIZECS| £F
MTT HHo=2 ICs #& 2T 7, Biiske
ApE EZSFSHA] &8 vk (Untreated control)
I 50 ppme| IiREASE EERL HiFR
(Treatmenp)oll Al ZF AZFE 15U B 34
1 AZo] w7 TEE ARG 44T Al
o] Ao wxE EWE AFeFYTHFig. 5). o
Z79] 10t A-§oFHIE(10S fibroblasts), 50t
5ot ZE(50S fibroblasts) & 10tHe] w3} A
Aot (aged 10S fibroblasts)e] AJZBi7FAI7HS
ZY7F 4644745 AL 50.6£8.90 AR H
54.243.25 AZtelgick. a=u, Aol 10th
XS obME(10S  fibroblasts), 50t Al-G-opbA|a
(50S fibroblasts) @ 10tHe] L3} A-GopAlxE
(aged 10S fibroblasts)®] AZEH|7IAIZFL 242}
54.1+£3.78 A7t 74.2+6.21 AZF E 75.0+£5.56
AEE Yetdo] dtetgas A2 & B2E 4
FroFA| 2o A A|ZEj7FATEo] fFode=r
(P<0.05) oY Al 312 QI Al Ao
2]ddo] HPEFSS & 4 AT ESE 1009
ZE7|IMEA0S  BMSC),  AoFE7|AIZ(10S
DSC) ¥ AFZ71HZ(10S ASOAA thxe9]
M 87N RS 38.8+4.67, 42.5+3.41 9
39.9+3.33 Aoz EAEAE 50 ppme]
AeeasE et AT wjofdola 4 &
ZIMZF] MZE7IAIZE 42.1+£2.11, 455+
2.89 @ 459+3.63 AZHE YRR, ZF A
E7MEE A" RAA  AEEfZEATEo]
7 ATEI e foHl Zpolrt glol HAIE
7N ZE AfotMzre g/gitie] tigh A3}
AL 7HA Ye= AE & & AU E3L, o
A4 ZAE7|MZE 2 Aot ET Al
Zaj7tA|zro] ol NZEE] £Ert o wErt
= AS & & Uk o]dY dAFAE AlE
7t &40l dojuAY L3t XSEH Az
A Ehe= Aol AdEeZA AZEjZEAIZE
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5. A. Analysis of population doubling
time (PDT) in 10S fibroblasts, 50S
fibroblasts, aged 10S fibroblasts, 10S
BMSC, DSC and ASC treated with
H;O0,. a and b indicate significant
(P<0.05) difference between untreated
control (M) and treatment (W),
respectively.

Fig.

3.3. TAHEEAL0 LEE MEOIM L3t
Za wEl-UEAlCtobHe] &4

7} AgotE 9 AAE7IAEE SO ppme]
B A I DR RISER I
wjopste] AZO] sl gl wjeh- LA ttol
o BHE 2A] BALLT AL sl 0]
A= dge zAsHdch e ZeEAte
Aeroz metMeor @ME AXE wsbh @
AQL ofnjgittFig. 6). TIBGASe] wEE
R Aol mEML wi L7} ol

© AS S, 56 E7MEEGE AR
OfM A R, 10tHO] Mot EHETHE k3}

d AfobEAA HRae Ue Ame] vEel
Bt goldm, AZ FHE FH AXAA
FestosE 2o mepow wWale], B
shgrdgeol o8] AIE £4go] ol Polkm 9l
L

ol AielH, olel FRY A
AFEHIBADE AL 47 243
HEt-ZeE A cobA o]
W AE =5t FA%TH
5o Aeld wen Mmoo AdEerst
wote At gsael def o Wy
gatet. Wig-dEA o) HAL
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oz SAWAY LibE AZE AEeHE WY
o oy A= SFHULHY, 11, 12]. o]
ATPANAE HE-geEA oA 0] WEE T

Sppagol kEd o ARFN PEE 5

AL, 10He] Fgobamel HRZ7IA LR}
SOt} ke fwet 10tHe] AfobAmld &
§ AAs waEE e pastar. 59 L
shel AdgolAmoq Bastade] wE F A
b BESAARA AL 277 F7bske Aol
27 aElo) Aol WefstAel Wal} Fatsh
A etk AZTE 2A ANE A 94 ke
sl AL ekt B4 59| shtelmz
[12], w8} as Ame 27 B0es
SAE WETE A ¢ 4 ot

AurAQl Bobd ANEI} Reks] AZEGS
sl Hche, AEEAS 95 A% DNA 2
A s H@A DNAS Sasolrl 44 24
Hek. olee EQuolo] FHe ol ofe] A
o] iglo] Hrh. Tme bael AA Zo A

21w

= old =¥t FAHHA &A AxEe g
H £ 7HA Q3, A AE w3 cellular

aging, senescence) el FolEWA AlxEAtd
AHapoptosis) TAC] FolEA ot ol=gt Al
29| k3t 9 ApEIYS WA (telomere) 9]
24T P Eo] oty Harxyw QloH26]. gyt
Hoz MY DNAE 7= Y= Alxe
DNA AHs goto= diids HAEz] o=
£ F@r|Mge] FEHoz Uit E
DNA F-#& 7k gith o] DNA 97] A29S
Tt (telomere)o]2tal of=t, ©] FHEAE-S
Age] DNAE EIZot=d 420 Foolrt,
shAgE, o] A3e] dWaAd Mg A7t A=
#4E 9ol DNA A& sl 52 43 DNA
o] E¢bdgt DNA EA 7)&of st} H{ap =
=4 FotAA "ot o] WAyl Aol A9
dojubA =W AEz= Az 249 £x7F 19
WA A 3t DA FolEA =i, A=
MNEE AFAEAE dojdrt27]. olHg EA
=3H(replicative senescence) B2 E3HE *
ZoA &3] dolHA A A=
Mz &8 7HAA Aot =y o] &
HAA 7= =

IO o rfl 1o

=
as, = Ay
(telomerase)©l] 2Jsf] kA
=H £ Qlo], 2 doAgEYasE
AL Z2 vjolET|ME= BA
2] g, 53ke] AlE FrE Zh=ti24, 26]. 11
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Fig. 6. Morphological alterations and senescence—associated— 8 —galactosidase activity in
10S fibroblasts, 50S fibroblasts, aged 10S fibroblasts, 10S BMSC, DSC and ASC
treated with HyO, under inverted microscope (x200). The cells with high 5
—galactosidase activity were stained to blue color. Scale bars; 50 gm.

Hub f{eket e e A AAMEA
olgfgt HA| w3t dojur] Mol zreld Z
A=o] oo ~AEYHAR FEH £7] A k3t
(stress—induced premature senescence)”} Aol
& Qlth2sl. E§, AEHAR fEEHE X7] A
A T o e S o R
(reactive oxygen species, ROS)0] 4t3} AEFH A
E ot Az L3E fRiti: dEA
ArH6l. =2 TS T AT Al
ol EAste ohefet AEAre] . siito]
b 28 23 52 3Ask] AdEAe] 382
&= Woite =z AdiEate] Hgoly Ad
FLgthal defA qle, oz <Is| 4Rt AE
Az FE Aol x7] k37 el

gtetle, 8, 17 Ao AFelHE dizF 50 ppm
Aol ulg W 2 IteleasE AHlEy)
FHoll H7betgE W, o AEFo] Az 9F
o A3 it WSk oA ofut
= Ipekeaael Rt MR wateh Ao &
gozrE st Azt 59 aAbskg
&40 It VSR AZe Aol A
ZERAR, 94 s IiteieaaA A2
o] el FAH EEdH ol Axe ¢
At Fro Msleass FE 52 AAT
F ey, 94 g oA IMteeass
AL 5 de Alxo] FAXE "ol Az
o] Aol A7 Eelex Aoz e
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3.4, MZOIA EdirtLol HEZ 0} 2HHE
X W HAS

7y AfotMzE 9 FAET7IA A BAd4tA
o] whgat TEE  ZFEER IHEkas
(glutathione peroxidase, GPX) % z}l&ratolA]
(catalase, CAT)S] PAts} o] A9l
mRNAS] ¥d-& RT-PCR W og zAE St}
T A7 Tde2 FEFAAR] GAPDHY
A=t vlwste] AAEHEg. 7). B4 AA
3ol 10 A-GobAE(10S fibroblasts), 50t A
FOFAIZZ(50S fibroblasts) & 10t =3} Ad-fof
M E(aged 10S fibroblasts)oll Al CATS] LHES
GAPDH®] drd=ky} wlwste] ZHzb 10+4.5,
5+38 % 9+46% FEolA, 1009 =4
(10S BMSC), #oH10S DSC) &8ar AHH10S
ASC) 2ANA FHiot= AAE7IMZAA CAT
o ddee ZZ 13+6.6, 17154 H#
23+4.8%5 YHetlo], HAfotdzEtt ZAE7]

aged 105
fibroblasts fibroblasts fibroblasts

CAT

108 50s

180

OGPX ECAT
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Expression level (%)

e Be Ha

Mo §2]H o =2(P0.05 H =& CATO 4t
S WESHTE ES 10t AfotAlE, 50T
otMlzz W 10t =3t AfobMlzelA GPX
Id-g2 GAPDHS| 'Ird=fat v|wste zzt
1+£3.3, 25+4.5 9 27+6.8% =], 104
o] Z4, Aot Oy A XAoA fg 4
HENAZAAE GPXe Idge zhzt
133+11.1, 125+10.6 @ 123+12.6%= et
of, GA AAETIAZEANA oAz (PL0.05)
E ¢ =2 GPXY Td&E TESATHIH
10). o9l Axg Hof LE AZFo|A CAT
o] WAL GAPDHe| H|o thA|Z wj¢ 2 &
Fol9lovt, GPXeo WS CATS g9
vlsl| @As] F7lot= A%E EHa, £5] 10
o] AAEVMEFECIA  GPXe A&
GAPDHe] H|8] 130% A&z Z7fst= AL
ot
Az Yo B4 AEZTE AAD 5 A= o

1o mx rel

w
w

e rlo &

=]
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T«

b b,c
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Fig. 7. Expression level of GPX (1) and CAT (M) transcripts analyzed by RT-PCR in 10S
fibroblasts, 50S fibroblasts, aged 10S fibroblasts, 10S BMSC, DSC and ASC. A, B and
C indicate significant (P<0.05) difference on GPX transcript among cell lines,
respectively. a, b, ¢ and d indicate significant (P<0.05) difference on CAT transcript

among cell lines, respectively.

- 403 -



Vol. 36, No. 2 (2019) Aete] wi AgotyE 9

Al Tl o]E2uHp RS iz B
FHSAIE  HRERHA(SOD,  superoxide
dimutase), SFEtE  IHiFEEE A (glutathione
peroxidase, GPX) % Zt&etolA|(catalase, CAT)
ol AtH18, 28]. o]t P4t A2 Al
Y =2 59 SUAE B0 gl B2 A
ATt o] AFollA FHEAI|E HRERHA
o] g2 FAReHA]l oFkAIRE, @Al Aol A
AMEE RE MEFA CATO ¥ JE/H
2z}, GAPDHO Hl8] 10% +Fo=2 A= WA
AT I3y GPXe] w2 1099 A
Z7IA TN GAPDHO vl ¢ &7 &dE
o] AL 130% A= F7t=o] Y= AS B|ES
Atk CAT gHtet dwde a2 mEAF
(peroxisome) A W 47]¢olA Bg4tAEE Al
AstH, GPX ©ilde F2 AlzzoA AFdH
HJAAE A U =& £UH1S, 28] &
Aataige A o] dojuh= AlE Ye] of
W RRolgte BAgE & glemz ANxEe »
E BRo ZA5= GPX AtsE @ Ae A&
o] Aol A BEe EAsts S4ATES F
o ggHoz AAJNNY & 4 gt} ol=gh
olf = FY4ATES AASH:E Hl= GPX 4tst
ool Al o4 CAT 4tst deid o
o @ol] "ag Aozt FZHT) Holrb A9
ATolAl 10the] AgotdlZ= 50the] A-fotAl
Zih e AvfEieret k3 100 A-fobAlze
H|5to] GPX<E] Trdo] F7lstdlal, E5] 10H<
AfotdlzEt  10te]  AAE7AZTENA
GPX9] Td2 o F71e AL WEstart A9
AN E JAE7IHAE 55|, SUHFE7 M E=
& o 3gHoezs F4aTES AAT 4 o
3L Aok QITH29]. = trE A AroA Al
Fo] 4173Z7]dZE(endogenous  neural  stem
cells)ollAl  4tet chifde #AEE ol 2
(uncoupling protein 2)2} 74 GPX JA4tst o
o] FQashH, o]t & {2 =2 I
o] AAETIAZANAN LTS FoAF=dl
93 whlolgty B sty QIoH30]. ESH
LEg 20 o3t Al 37 YA Ago]
Vs L3E fhote F%E Qo R
2o 7 I dAs] Hgagtttal Huskal
ATH31L. o] Azl tiAt &2 FAg4tagol
e {47 FdY fae AlEe L3 Ax
of wet AT it ¥HgAde] AolE
ek Aolgtal AZErt

TUE E7IMZAA s 499 wheol i

o
=
=1
5
1%

11

4. 2 B

o] A= 10thet 50tHe] AfgtolA mF F
Aot E£E Eelatda, 10thellA st A
oM ZE AuigE AAlste] I9AQ] A
ke fEotdth. S 1009 Z4, ot ¥ 7|
o 22 { FUAE BAETIAEE ot
vt ohg, AbdellA 71hote of2] FRO A
g AMEST R GAETIAETL 4] S
FTHQ el ASo] EHUS o, ML
of tigt Z+ MEFo] RHAEEE FARHIL,
BT AEe] A A9t AE L3HE
Tot=A] ZF AlESFollA vl ZARSETE thop
7y, &ataol digh ZF Almo] it gy
zpolg ol Zlo] FAl/lA] AL, oo
gt A9 Avbe o2t Zrh

AR ZF AZFL] 1Cs 2 10T, 50 2
L3t K 10t AlfobMlaEel A ZH2 49.5+2.10
ppm, 36.2+£2.41 ppm ¥ 48.7£3.50 ppm<
B et ESE, 1099 &4, XoF 9 AHE7]
Alzofl A 1Cs  #= ZAZ 71.4£2.52 ppm,
68.5+2.28 ppm @ 65.1+2.48 ppm= LFERHSL
ct.

B4 steass ZF6HA] 2w
(2 50 ppme] IAtSkEAFE Z3SH By
FR(AFF) Z7AqA 100, 50t @ w3
109 oMz AEEjZRAZRS ZbZF
46.4+7.459F 54.1+3.78 A7+, 50.6+8.90%}
7424621 A7t @ 54243259 75.0+5.56 Al
roldn, HixTI APl x4 10t
I, Aot 9 ALE7|A 2] AZefrAzR 7t
7} 38.8+4.677 42.1+£2.11 A7, 42.5+3.413}
45.5+2.89 A7+ @ 39.9+3331} 45.9+3.63 A
Zroldet, R, thxto Hls| Aol Ao
A Het-ZEtEA| oA o] Wrdo] @A 5] F7tE]
Art.

AR 72 st E AAE7AEAA
AFeh wkga pelE CATSF GPXo] Hde2 10
o, 50t 9 w35t §= 10t AfobdlzEelA Zt
7} 10+4.59F 51+3.3%, 5+3.87} 25+45% 2
9+4.67F 27£6.8% S0, 10tHe] =, A
of 9 AEIIAZeA 77t 13+6.6%
133+11.1%, 17+5.49F 125+10.6% 2 23+4.8
W 123+12.6%S YER L)

o] AT AIE FIHE W, AE AP
L3t APESE DA i Aol

hs

v}
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