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Abstract :

Oxidative stress plays a significant role in the pathogenesis of various skin conditions,

resulting in cellular and tissue damage that can contribute to the development of skin tone unevenness,

roughness and wrinkles. In this study, we found that 7Zrifolium pratense L. extract (TE) attenuated

oxidative-induced damage in HaCaT cells and elucidated the underlying molecular mechanism. Our
finding demonstrated that TE effectively protected HaCaT cells against H,O,—induced cell death by
inhibiting caspase—3 activation, downregulating Bax and upregulating Bcl-2, and attenuating the
activation of three mitogen—activated protein kinases (MAPKs). Our results suggest that TE has

remarkable cytoprotective properties against oxidative damage in HaCaT cells and could serve as a
complementary or alternative approach to prevent and treat skin damage.

Keywords  Trifolium pratense L , hydrogen peroxide, human keratinocyte cell line, oxidative stress,

skin damage.
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Bl D M 2, AlfA
ot Quot [1, 2], 59 mF
A 3 (keratinocytes) = EfFFA
W oFEAE 3 4GSt oE
e oRRgoriy HHPHOR LEHo 9l
o} o]k @RlEe] A&EHO0R LEEH nkd
Atz AE#| A(oxidative  stress)QF  ZAIATA
(reactive oxygen species, ROS)E WHAIAIZIC
[3]. ol¥gt A8td AE#| A(oxidative stress)2}t
S A4 (reactive oxygen species, ROS)E A1
o] P AAEE oAl wREEZA P A
2O &4 PR wEt, ol HAdS
Sto] A o R ojojx] mio] HE W g
7159 Asket L3lEA, HYt 55 AR (4]
A A4~ ZE(reactive  oxygen  species) &
Superoxide(O?), Hydroxyl radical(OH),
Hydrogen peroxide(H,0,), L&F4(0)=
A9 iAol ABAEETIE ofH R A=
of A&AHoR wEEo] A oA AFst B/
2 AT olgA BEE 24 1
=
=
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71 Astel AlZA7| R £44E ol & st
o [6, 7], DNAoZ &4-S

o] H 7% 9 ©=9 s}
A, 2¥a mRAEe] G A S et
o [8, 9. webA, mFRAEZE HOSkl 5}, H]
b= e B P S o G R B B ) A o
ol ¥l ZAtA TS AAlske AW A
3 Fol AxElE FHATIE Aol Fasit
(10]. 75 HAAZI= Stg=9] B2 2 A+
© AHKAHo R o]Foj21L glon, sketEe] B¢
5490 BAge SRS B0t Bot oF He
P AAE Aot BelE A9t 5T Stk
=2  ENE(Tnfolium pratense 1., Red
clover)2 A AAAcz Fus] glom Hujet
frolA 600 W A t=or =iE ofsidd
o] zEZoltt [11]. E7EE(Trifolium)2 o
Ae] et 2% 4 glon wtgyoRn: g
g AR EoIT [12]. & E7IEL oY
phenolic compound& ZEFSIIL glo] AHfolA
oheFet ARdiabel FFS 7A= Alor Hily

]

rOI'

Aok E3 A7), o, A A8 2 45 o5t
aso] ok dEA Hold JdF &
7M1 Aoz FRIFLH [13, 14]. APATE]
A FHE E7EC FES, ek 22 o
A7F A= oy, O F& E7ES] 7]
TS WU e ofF HEirw Hprh gIglth
loll 2 dAFtolde QIZF mRZPEAE (HaCaT
keratinocyte)ollA] Atstd AE Ao thgl F2
E7NE FEE9 852 dotE A shelth
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2.1, A|I2Z&H|

Ao AME B2 ENE  (Trfolium
pratense L.) HIgE FEE(Code number
KPMO028-036) T=4EF2E23 (Daejeon,
Republic of Korea)ollA] 2ol  Dimethyl
Sulfoxide (DMSO, Sigma—Aldrich, St Louis,

MO)ell = AHgsHrt.

2,2, MizZHHet

= Adel AF&E IZF epithelial keratinocyte
¢l HaCaT A|ZF+E= Addexobio (San Diego,
CA)RHE Bofgtol A-88t9itt HaCaT cells®]
A 2% 10% fetal bovine serum (FBS, Gibco,
Grand Island, NY)¥ 1% A0 g/mL
streptomycin®t 50 U/mL  penicillin)7} 72
Dulbecco Modified Eagle Medium (DMEM,
Welgene Inc., Gyeongsan, Republic of Korea)=
Argstiom 37 C, 5% CO. =719 incubator
oA HiFsiaith. HE  ARIPEOlA Axe=
80~90%2] confluence o EEte s HiFS
of ARSI 2 ~ 3ol 3 WA ujekRt &
Alell viFlS wAsiFAet. Al Al HiFH
A7 &, Phosphate—buffered saline (PBS)Z Al
2 & 0.25% trypsin— ethylene-EDTAS ©]|-&3}
o] MEZEZ cell culture dishollA Hajdte] 2885}
At FEE 8% BIFE A6, wdE AlzFol
72 E7E FEES OUT 'x (50, 100,
150, 200 pxg/mL)= 18A1F Bt AAe] g H,
HiZ1E A|Ast PBSE 23] AAF & H0,
ImME 12A1%F F<t RESAIZT

2.3. MTT assayE St M= H=g =3
QIZY mBEZAME (HaCaT keratinocyte)ol Al
2 EVE FEE 2 HO;, Aol oE F4
Ao} AeES ZRIsk7] fAsiA MTT assay &
£ olgstdtt. olE <l HaCaT cellsE
96-well plated]l 6x10" cells/well®] H=2 100
pLA HEot] 247 v & B2 EVE
FE2a2 Ot 52 (50, 100, 150, 200,
300 pg/ml) 24A17F Aokt wiAE AASH
I MTT (Sigma—Aldrich, St Louis, MO)E 0.5
mg/mL BE& 345t 100 ¥ BF5H 3
TCAA 1AZE B9t Al BEEAIF L §hgo] &
@ o2 MTT A|9& AlAstl DMSO & 200

A Bt ZF welld] AE formazing &
=9l & microplate reader (Bio—Rad
Laboratories, Hercules, CA)E ©]&35}o] 540nm
i FBEE S5t 7 Az gt 54
2 ZY7+e] Y20 P FFE S ot B
T ST 3ol tigh wEgR Yyt

2.4, Western blot analysisOl| 2|&t EF
CHHE U5 24

AZF o BZPAAER] HaCaT cells®] T2
Z3aFo] [Protease inhibitor,
radioimmunoprecipitation  assay(RIPA)  buffer
(50mM  Tris—HCl (pH 8.0), 150mM NaCl,
2mM EDTA, 1% sodium orthovanadate, 1%
Triton X-100, 0.5% deoxycholate, 0.1% SDS)]
= FEoI3h

Bradford assay (Bio—Rad  Laboratories,
Hercules, CA)® gHds At of 589
sample buffer®} &35t sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS—PAGE)
= o]&ste] H7|9FS AAISHAT. Fe o
AEE Nitrocellulose(NC) membraned] %71 &

3% Bovine serum albumin (BSA)E E3S
Tris-buffered saline (TBS)Z Af2oA 14]
blockingst@ar Z+2re] 12 FAIE A=zt H
ColA over night ¥F-$AIFTE ©]F TBS-TZ
MATE th& Horseradish peroxidase(HRP)7} A
o] Q= 22F ALt A2olA 1ARE BESA
711 3087t Al &, chemiluminescence
detection kitZ band& HAESIAH. 2 AYA
AHEE FAEL cleaved caspase—3, Bax, Bcl-2,
p38, P-p38, ERK 1/2, P-ERK 1/2, JNK 1/2,
P-JNK 1/2, GAPDH+  Cell  Signaling
Technology Inc. (Danvers, MA)olA F-¢io}te]
AH-8-oF3iT.

lysis  buffer

ol

~

2,5, SHEN

2 o] Arhe 33 oy Wz olgold
o AlFdATE Mean + Standard Frror of the
Mean (SEM)o2 kS #A5HITh Origin 8.0 &
2733 (OriginLab Corporation, Northampton,
MA)®] one way analysis of varianceE ©]-&3
o p < 0.05 PITY of FAA {4 ASoH

k.
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3.1, §2 ENE FEE0| HaCaT cells M
=20 0jXl= g

2 E7E FEE AMx BS §iE
Sh71ol 94 HaCaT cellsoll gt &2 E7)
FEEY AEEEE A7) s MTT assay
Boll Az BEES S5 MTT assay
Aolole AlEo] nEEE ot Q= gEA
84 ZFgo=r QI LMo £84 MIT
terazoliumo] HAME we HLgf4 MTT
formazan® & SUEE= HLE o|gste] SAst
= AAPHCE 540nmolA SHE FF=+= Hot
UE B AE FEE HHYste Ao=R
gHA ok [15]. B2 EVE FEES 50,
100, 150, 200, 300 pg/mLe] H=H=Z A5}
o Al A4S AT 2 43 5k 50 «
g/mLellA 200 pg/ml7tAE ST & Aol
7t e AlEx AEEE JEYed, 300 #
g/mL FEA = o Hls] 70% o]ste] Al
Z JEES UelT (Fig. 1A). o]& HIFLo R,
HaCaT cellsolA &2 E7& FE229 HAE B
3 7 854%5S AT AP & 200 u
g/mL oJotz2 AAste] Fk oEHoz AHAS
Zl3gstairt.

Mo oF  TH

rlr wju

3.2. B2 EVE FES0| H0.2 |KE A
SIAEY AR Qg HaCaT MEZMEF0]

ROS9| 7t F7<Q1 H,0= HaCaT cellsellAl
Aekd AEHAS FH IR F itz d
g & Aot [16, 17]. ©=2HA, F2 E7|E
FZ2EY HmF HS JNE A 96l
HaCaT cellsolA H,Oo 93 f=x ArshA
LEYA Az 2dS ARgst] AEE X
tt. HaCaT cellso] H,0,9 52 E7|E
50, 100, 150, 200 pg/mL& & o|&EHoZ
gto] MTT assaye A 23t HO, &
oA @As] FAaSHHA Al FEE],
E7E 2£2 100, 150, 200 gg/mL AA
= A=xE gEEC] FYulsA S7tE= A
TS 5 Ql9rt. (Fig. 1B). ol &2 E7|
FEE0] HaCaT cellsolAl H,Op0ll o8l =
Aekd AEFAOA Z]Q1eE Al EAde] gt
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3.3. F2 EVE FEES0| H0.E |R=E &
SIAEBAR Ql8t HaCaT cells9|
Caspase-3 E4slof| 0|X|= HE

H,O0= AFBIAE AL 5 SR A Al

ZALS] wjAA] HEE FO 2 Cysteine aspartic

acid protease (caspase) cascade?] A4S 53|

oEAZ ff AZEAE 3 5 Aok [18-211

HyOz0ll o8l Fid 4tehd AEF Ao gk &

2 E7E FEE9 HIS a3UF Caspase

cascade®] Asfjell 9§k 1A =ity flsf, F

8 effector2A AEZALS A= Aoz o4y

%l caspase—39] B4 AHsff EE F<lstarat st

Ak wEbA,  Caspase-3°] 243t FHEIY

cleaved caspase-39] A kS ZH5tr] Q5|

Western blot assayE 3ottt H,O, TE=E4

2]atoll A cleaved caspase—3 Tl oFo] izt

of Hls} Frtots HEse AT 4 UYL, &

2 E7lE F&% 50, 100, 150, 200 zg/mL A

Aol AE cleaved caspase—-32] TR QFo]

oo HAasHe AS AT & AUt (Fig.

2A2B). ol B2 E7E FEEC| caspase &

A oz2H MZA A2E ZHEFoZH, HaCaT

cellsol Al HyOq0l 2]&f 2l

U Bel-2 20| O|XlE S
o2, AEAF A FHZQ] Bel-2 family
memberd]]  &sh= AEAF XA (pro-

E FEEY HI VML FIE E]lstaat
Western blot assayg 3ttt H,0, @54
oA AlEAF STl Bax9] @O
Z7Fe W, AlZAE S Bel-29] HE
T tzatel Hls) dasioh ey 52 &
NE FE2ES AAZT AEZoA= H00l <
o 713t Bax T O] o] Tk oEHO R
Aaskda, HO0x0l ofsl HdAas Bel-2 ©id
o e Tk oEHo=m JFrtekirh (Fig
3A, 3B). o] i, FH2 EVE FEEC| AlX
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Fig. 1. Effects of Trifolium pratense L. extract (TE) on cell viability in HaCaT cells.
(A) Cytotoxicity of TE on HaCaT cells. HaCaT cells were treated with different concentrations of
TE (50, 100, 150, 200, 300 xg/mL). ~~"P < 0.005, significantly different from the control group.
(B) Effect of TE on the hydrogen peroxide (H,O,)—induced oxidative stress in HaCaT cells. Cell
viability was evaluated using a MTT assay. The bar graph represents the mean + SEM of at
least three independent experiments. Statistical analysis was performed, with "2 < 0.05, "2 < 0.01,

and 7P < 0.005 indicating significant differences from the H,O, group, and “#P < 0.005
indicating significant differences from the control group.
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Fig. 2. Effect of Trifolium pratense L. extract (TE) HyO,—induced caspase—3 activation in
HaCaT cells.
(A) Protein extracts from HaCaT cells treated with the indicated concentrations of TE in the
presence of H,O, were subjected to Western Blot analysis to measure the level of cleaved
caspase—3. GAPDH protein was utilized as a loading control protein.(B) The bar graph represents
the relative band intensity of cleaved caspase-3 normalized to GAPDH. Statistical analysis was
performed, with P <C0.05 P <001, and P < 0.005 indicating significant differences from the

H,0, group, and 7P { 0.005 indicating significant differences from the control group.
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Fig. 3. Effect of Trifolium pratense L. extract (TE) on Bax and Bcl-2 expression in

HaCaT cells exposed to HyO,.

(A) Protein extracts from HaCaT cells treated with the indicated concentrations of TE in the
presence of HyO, were subjected to Western Blot analysis to measure the expression levels of Bax
and Bcl-2 proteins. GAPDH protein was utilized as a loading control protein. (B) The bar graph
represents the relative band intensity of Bax normalized to GAPDH. (C) The bar graph represents
the relative band intensity of Bcl-2 normalized to GAPDH, as determined by densitometric analysis.

Statistical analysis was performed, with "2 < 0.05, "2 < 0.01, and

Ak

P < 0.005 indicating

significant differences from the H,O, group, and P ¢ 0.005 indicating significant differences from

the control group.

A SRR Baxe] WAL AN, ARA
£ E09md Bd-29] WA 3718 T, At
Edzo] g ARA REE AAHALE
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3.5. A2 EVIE FES0| H0.E |REE M
SIAEBAR QI8 HaCaT cells9|
MAPK MSHEA O 01Xl S

The  mitogen—activated  protein  kinase

(MAPK) ASdGA A= oFed 2E# A9

e, FES, AEA BAste] Fa% 9 o

o [22]. MAPKs Alge] &ste g d == p3s,

ERK1/2, JNK1/27} 91e™ p38 % ERK1/2 <l
A¥8h= pro-inflammator cytokine®] A3t W&
of ofste, JNK1/2 <4teh= iNOS, COX-2
oF 2 d35A GHEl] Ide ot &
A4 gk 23] H,0, 8% A AEH AL
MAPK AZdGA AL &/dste] os) ANZAY
4 4 e g2 AYdTE HEge=
24-26], & E7E FEEY HNEA dA7A
S olgfslAt MAPKs ASAEA chafzlo] b
Akt QAL o BE Western blot assay &3l
shelstelnt. H,O, @A EwolA, A=A &
oz H]s p38, ERK1/2, JNK1/22] <14t

—

l

rlo
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st @AM Uk BES WET 4 U
ot (Fig. 4A). 184, & E71E 355 100,
150, 200 zg/mL AA@Fe|AE=  ERK 1/2 9
Aretel INK 172 QUtsrh #aEglen  (Fig.
4C and 4D), £35] p38 ¢liste] A 2 E
71& 25 50, 100, 150, 200 yg/mL A2+
A HE = oEHor HAAHIT (Fig

A
H202
TE (ug/mL) - - 50100 150 200
p38 — — ————
P-p38 g —
ERK 1/2 == s e e a— —
P-ERK 1/2 —_——— -

JNK 1/2 === g== g s a=n o=

P-JNK 1/2 == S5 T T

1.54

=
o

o
$

Relative band intensity
(P-ERK 1/2  ERK 1/2)

0-
H202-+++++

TE (ug/mL) - - 50 100150 200

4B). MAPKs (p38, ERK 1/2, JNK 1/2) oz
A2 H0, @54z §2 EVE F&
B AAdo)s] % zpolzp YA gttt
ol Aot H2 E7E FEEC] MAPK 434
9 o] Qs ~E HAE Fall HO,
e ARAEYAZRE HaCaT cellsE Hod

&g emlgeh

m

Relative band intensity
(P-p38/ p38)

HO, - + + + + +

50 100 150 200

—
m
&
3
r
i
]

o o
)] w
1
#

Relative band intensity
(P-JNK 1/2 / JNK 1/2)
o
w

N AR

HQO2 - + + + + +
TE (ug/mL) - - 50 100150 200

Fig. 4. Effect of Trifolium pratense L. extract (TE) on the p38, ERK 1/2 and
JNK 1/2 in HaCaT cells exposed to H,O,.
(A) Western blot bands corresponding to p38, Phospho—p38 (P-p38), ERK1/2, Phospho-ERK 1/2
(P-ERK 1/2), JNK1/2, and Phospho-]NK 1/2 (P-JNK 1/2). GAPDH was used as the loading
control. (B) Relative band intensity of P-p38 normalized to total p38 protein expression (C)
Relative band intensity of P-ERK 1/2 normalized to total ERK 1/2 protein expression (D)
Relative band intensity of P=JNK 1/2 normalized to total JNK 1/2 protein expression. Statistical

analysis was performed, with P <005 P <001, and

ok

P < 0.005 indicating significant

differences from the H,O, group, and “P < 0.005 indicating significant differences from the

control group.
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ARIAE e AAY] Y AlLE ofsl
Rz 8l AL &4, FHFE wy 12al
S WS fiestol A Edes

uo] Hg 9l &9 7lsAstel kot £3e &
sttt H,O,= AFld AE# AL 2Q 94kl
2% sz 2] dEA glew [27] Iz oF
AAMRE 2T diF2o] Aol Ateha &
Ed2o] ofet mEZEZOL 75 Feliel DNA
ol AIZARE freste] mRAgS of7]A]7]
+ Zor HIHIT (28, 29]. wEbA &£ A
ofAE QIZF mBZAME HaCaT keratinocyte
oA Atehd 2Eg 2O digt H2 EVE FE
=9 a5 WERt A% v 22 d8S ¢

Aot

Jo o

n

t
o

:

1) QIZF mREZAANZAAN F2 ETE F=
< AHste] MTT assays &ofl AT =&
/7 A 200 pg/ml7HA]l Fo48 e Al
542 WEEA ATk

2) B2 EVE FEE2 H)O, & APIAE
Hag2 TadE Az PELES 7L JEHez
7M1 A

3) B2 EVE FEE2 H)O, fk ABIAE
A2 Z7HE cleaved caspase—39] T FS
o olzx oz ZrAAFHT

4) F2 E7E FE2E2 HO, & ABIAE
A2 F7RE MEAL SATMA Baxo] ASF
= HAAFRLD, HAR AEgE SXgwd
Bcl-29] WaAzFE F7HA AT

5 B2 E7E FEEL2 H,0, 4k 4EAE
g~z Z7}8h MAPKs (p38, ERK 1/2, JNK
1/2) SA L] QIS sk SEH O FAA
it

H o

|\l

FTHHY, 52 EVE F&
ZHAAI Al HO000 ol &=
g0l 711t Al E=Ado]
Atk Z& UEe, ol2igh B )=k
Caspase—3 HIZd, AZA ZUGHAE Bax T
AA, MEAE EXATHY Bel-2 FA 7+ 2
MAPK 4122 ejdo] Qirsl A& Fof
ojFolge ot olet Fe AiE HiEFo
2, S EVE FEES 9RO sk &4
HaAA & 5 Qe 8T 24z BrhEH,
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LonpEE W uge 99 oo
ol B 7PsHol B o=

L AT Ane
SEEEE REREDGE

ol 2 O
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