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Protective effect of Caryophylli Flos on apoptosis caused by oxidative stress
in HaCaT cells
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Department of Pharmaceutical Engineering, Daegu Haany University

ABSTRACT

Objective : Caryophylli Flos has been used in Korean medicine to relieve vomiting and pains caused by chills that
make fluid circulation difficult, This study was designed to investigate the protective effect of ethanol extract of
Caryophylli Flos (CF) in hydrogen peroxide (H;02)—induced apoptotic cell death in human keratinocyte HaCaT cells,

Methods : CF was prepared by extracting 200 g of Caryophylli Flos in 2 L of ethanol for 48 h, Cell viability was
measured by MTT assay, and the protein expression was monitored by Western blot analysis, Apoptosis was determined
by terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay. Reactive oxygen species (ROS) was
measured using fluorescent dye, and reduced glutathione (GSH) was determined with a colorimetric commercial kit,

Results : CF protected HaCaT cells from cell death caused by oxidative stress after HoO2 treatment. HyO2 amplified
generation of ROS and induced depletion of GSH, whereas these changes in ROS and GSH were inhibited by GF
treatment. In addition, HsOs resulted in apoptosis as assessed by TUNEL assay and the expression of apoptosis
regulator proteins, However, cells treated with CF showed a decrease in TUNEL—positive cells and restored the
reduced expression of procaspase—9, —3 and PARP,

Conclusion : This study showed cytoprotective effects of CF by anti—apoptotic activity while exerting antioxidative
activity in HeOs—treated HaCaT cells, These results suggest that CF could be beneficial in skin damage caused by
oxidative stress.

Key words : Caryophylli Flos, H2O2, ROS, GSH, apoptosis, caspase

I. }\.] % caryophyllene 9] A4 AEL 71X 1 glon? Zatr o]

=9l rhamnetin, keampferol®} oleanolic acid, eugeniin,

AFTH)E =aFFHMyrtaceae) AEQ FFUIHEFE eugenitin & grosiohd Aakol oFgjzlg oz fﬂ'ﬂ'ﬁ]ﬁ,
(Eugenia caryophyllata Thunberg)?] 2822 o)A A0 @ ‘601-%_]_-‘1]—7)’ P9z gt FIA0 Zo] RuE

oMoz Ml A7)0 AF st AgFTH), Solsta et A},
F717F Slol A7 FARE AHEEH Tt A = oF o] HiE= Y 7P vpg3E o|R3 7] Wil £ttt
wEskal wfE e AU o] HRI(RE)E wHEsHAl st Aol 2dolA] B 34 2o 5t A AT sho] mB
Y712 Qe B5, TE, 23EF & A&se FAHZ A FARE FASE JAE BEdcH SR 97 {8 elx}
Hrl?, ZaABOoZE eugenol, acetyleugenol, beta— Eo) 28 A7t =&EHA Hd AS AEF AT SHE| T ofF

#*Corresponding and First author : Sook Jahr Park, Department of Pharmaceutical Engineering, Daegu Haany University, Gyeongsan
38610, Republic of Korea,
el : +82—-53-819-1298 - Fax | +82—53—-819-1406 - E-mail : haany@dhu, ac. kr
- Received : 11 August 2021 - Revised : 02 September 2021 - Accepted : 25 September 2021



94 PN U -

o} EA7L @Aas g 22 34 A5 R AxE
N7 F5, AR, AL FFo] EAQ i =319 A
P 7]'*—‘?ﬂ'§l1:]'. i 73, X9, QAP F/AdE o
pow, Ao wRol wujiEgt ofy et AF7tA] FTEste
NADPH oxidase, xanthine oxidaseS E3st= EAJAAZE
A asol X3S S3 superoxide anion radicalsE A
AFTH? | AL 2o AMEELE AUSAIA Q] sodium lauryl
sulfater TX ZFEAA|EZFQ HaCaT cellolA] superoxide
anion radicals®] 44& £33 o] HuFAH? o7
2 d BAE TR A3t AEYAE JFEUSHA e, AAR
7] 24 A FoA v d A Fa} v|wste] BH FFI} AL
ubgo] HIWEH WA Ao yehgtH?,

A5t AEHAE A Yol SR A ASHE fiste
Ajzete] L2 g whasial Thuld | data 22 AR BAEY
&4 /i '§_‘:]’15> A AAZE (reactive oxygen species,
ROS)& A QI Ata tiAte] AR oM *]iﬂdj’—]‘ T
Aol 23 AT 1A ALY A 8-S Hol T=
A 2R AEZ £ gasks AksE iEE]]iﬂ R
"o, o8 AN ES TS LB AZoA ROSY
2o o3 nEZ Lo} 7|5 Aot THE DNA &4o]
NZAEALE FEshe 2o Bugn b’ aeb AlZ
W Ak3} Hro] A AR 413t AEE A0 T E A ot W
A7 Aot & 4= Uty B AolA s Ho0:.2 A3t
AEHYAE §&3F HaCaT 7\1]3-5 4 mdox FgF FEE]
FAS GBS T AZRS anE YelleA AHEaz
SHth,

I. Az 2 3H
1. A

Dulbecco’s modified Eagle’s medium/F12 (DMEM/F12),
penicillin—streptomycin, fetal bovine serum (FBS)< Gibco
(Rockville, MD, USA)A| &S AR5} T dimethyl sulfoxide
(DMSO), 2,7 —dichlorofluorescein diacetate (DCF—DA),
3—(4,5—dimethylthiazol—2—yl)—2, 5—diphenyltetrazoleu
m (MTT)= Sigma (St. Louis, MO, USA)o|A sl Tt
GSH determination kit Oxis International Inc (Tampa,
FL, USA)oA F+3t¥ 3L in situ apoptosis detection kit
Roche (Mannheim, Germany)olA F+YstEct. f—actin
¥A= Santa Cruz Biotechnology (Bergheimer, Germany)
CRIEREEE!
(PARP), anti—procaspase—3, anti—procaspase—9 A=
Cell Signalling Technology (Beverly, MA, USA)ol|lA G+
skl

anti—poly (ADP-ribose) polymerase

2. BF E& FEE(CHY A=
AR A=Ak AFARIFAAKSeoul, Korea)
AN ATEE AL FUste] FL HFS AT Fol el

AR AR FEFORE 200 g9 IS oS 2 Lofl ¥
AL&o]| A 48A17F F<F &35} 300 mm filter paper (Toyo
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Roshi Kaisha Ltd, Tokyo, Japan)2 oja}stgich, o] oz}
A 3 AFZ7|(EYELA, Tokyo, Japan)2 A ¢sZ3 39
ultra—low temperature freezer(FDU—1100; EYELA,
Tokyo, Japan)oll 12A1Z-g<t dol F2A2AH, A o
e FEE(CHY AT £ 10.2%% 21, —20Tl| 23
sho] ARE-SHATH

3. A3z i

HaCaT cell2 American Type Culture Collection (ATCC,
Rockville, MD, USA)o|A FY3tFed 10% FBS, 100
units/m¢ penicillin®] Z3%¥ DMEM/F12 Wiz & |3}
37T, 5% COy 279] incubatoro| A B3ttt ZE AF
AN A AHEE 80~90%2] confluence W0 EHE3IEE
v st ARg-stAT

4, MTT assay

M PEES 274517 98 HaCaT cellS 24 well plate
o 1x10° cells/well2 EF3}o] 24 A7t vjget T CFE
=90, 10, 30, 100 ug/ml)Z 3 A7 AXX]3FaL 500 xM
H:005 H71ste] 18 Azt ©f wjekstqiet. v wiAl= 2o
W3 phosphate—buffered saline (PBS)Z AJ|Z]3F Af3zoj
0.1 g/me MTT &4 F7kste] 37ColA 2 AR WA &
AAE formazangd DMSOZ =9 microplate reader (Tecan,
Ménnedorf, Switzerland)S ARSI 570 mme] Ao A
FHEE ST Az 2L dRAE g HES
2 oheat 2o S8 o8] ARttt [cell viability (%) =
100 X (absorbance of treated sample)/(absorbance of

control)].

5. Reactive oxygen species (ROS) &3

M2 W ROS 432 DCF-DAS o] &3ty 3% 3=
FAsto] 2ABIAY, AX|7F 4E" A2 10 uM DCF-
DAE 302 &¢t BHSAIZ1AL, trypsine 2 A& £2|519
black plateo]] 100 WX %AHZFE th, excitation 485 mm,
emission 530 mm FAA FFAEE ZA 5T

6. Glutathione (GSH) 3= &4

GSHY ke 2A317] YA 500 w2 metaphosphoric
acidE HX|7} S=E Az H7lste] &gt 3, A&
(3,000 xg, 4T, 10 min)dte] AFHE A3t o] FFHLE
GSH determination kitE AR5t 400 nm I A &3F
=8 23359

7. TUNEL assay
4 well chamber slide®] welld 1x10°7}9] FE2 N ZE
Hjekste] CFE gt AIZF AR A o] HyOxF 18 AlIZF B A3
5}t PBSZ 23] washingdt &9 4% paraformaldehyde®
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IAS}IL in situ apoptosis detection kit (ab206386)Z
apoptotic cell& HA3}o] light microscope (eclipse Ti—E,
Nikon, Japan)® 2Fs}ich,

8. Western blot analysis

A7 E% AZ+E= radioimmunoprecipitation assay
(RIPA) buffer (1% NP—40, 1% sodium deoxycholate,
0.1% SDS, 25 mM Tris—HCl pH 7.6, 150 mM NaCD)Z
A7kste] 4ColA 30 BE<E lysisAlA AAE 2&Y (whole
cell lysates)E EE3tHT AAE &AL BCA protein
assay kit2 ©HFE AHFL P 10%9 SDS—
polyacrylamide gelol|4] H7] G534t Gel A9 guld S
nitrocellulose membrane®. 2 Ho|s}i, U2}F3FH|(1:1000)
2 o]AFA|(1:20000058 HHSAIA & TS enhanced
chemiluminescense detection Kkit2 WZAAZE Fo
Amersharm Imager 600 (GE Healthcare, Freiburg,
Germany)olA Sl =S gelstgict, z T o) wg
AZ= Image J (version 1,50i, National Institutes of
Health)E ©]-&3}9] densitometric analysis2 XAFSFE T}

RE AYL 33 o4 WHE Ao A A= B
+ ZFHXAE U 94 HHPL =& SPSS
ver, 28 T2 AFE-35}19] one way analysis of variance
(ANOVA) AABHAT, A HE2 Tukey HSDE A
gatglem, pgho] 0.05 WTrd o BAHLeRE {ositta
skt

ot

Sis
1
filo
>

>~

11, Ayas
1. Hy0.2 $%% HaCaT AN|E =4 tj3t CFe
B3 &3}

H,0o2 SE8 AZ E40] ] CF7l B3 a7s et
Yx) B2at7] 9ske] MTT assayS AAI8+gch WA MTT
assay® CF ©% x| o3t Az 4L A A}
10-100 ug/ml FEoA HZ E40] UehhA] grol 2= AH
=2 AAst (Fig. 1A). 500 ¢ MO HyOx= AlE B4
& 853le] HaCaT A|lZe AELE FASHA Z2AHTH
BHAEE HyOu0] o3l Zadt NZ MERL CFo 93 =
dzHoz Zrlste AFS Uehden, 100 ug/mo] 5%
oA 74 ZaH Q) NE BE g7t HRE AT (Fig. 1B).

2. CF7} H,0,2 I} A= ROSe| ulx&= J&F
CF7} HyOo2 F=d Atst AEH 20 djs] o9 A 2835t
A 2AF7] 918 DCF-DAR gAste] Al W) ROS 5%
FE FHT=E SAsA 2ABHYT Ho0:8 @522 AA
392 ul, control¥} H]w3dle] ROS7} 192.4 + 4.7% F7}

st CFe] 3¢ H.0.2 wi7iE ROSY Bl A ¢l S7H7h
S5 Zag=d], 100 ug/ml CFO| A= control TiH] 60,7
+ 2.5%5 Yetl et (Fig 2). @ebA CF7F HoO.2 F=49
ROSY| Tttt BAEE AsiFozn Agt 2EHAE WEe
2GS I 5 ATk
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Fig. 1. Effect of CF on H,O,—induced cytotoxicity in HaCar cells
(A) Cells were treated with various concentrations (10, 30, 100
ug/ml) of CF for 24 h to determine the optimal experimental
concentration, (B) HaCar cells were pre—treated with CF for 1 h
and then exposed with 500 uM of H.O, for an additional 18 h,
C, control; ns, not significant; ##p ¢ 0.01, significant as compared
to control; **p < 0.01, *p < 0.05, significant as compared to
H->O- alone.
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Fig. 2. Effect of CF on H.O>—induced ROS production

HaCar cells were pre—treated with CF for 1 h and then exposed
with H,O, for an additional 18 h. ROS level was measured after
DCF—DA staining for 15 min and the fluorescence intensity was
expressed as percentage of control, C, control; ##p ¢ 0.01,
significant as compared to control; **p < 0.01, significant as
compared to H>O» alone.
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3. CF7} H:0,2 =49 GSH 3129 v]A= 9%

GSHE= Al229] v|i 47 AL A A of| A ZH419] thiol group

oA dojup= AstetenteS 83t sl AAS=
FAtst 4ot H:0.5 A2shds W Yetb= GSHE &
W3S WS A, controld} HlWEtY 72.9 + 8 9%=
Zastgnh, AT 100 ug/me CF AX X o) 23t GSH T
124.1 + 12.5%=2 A A2 GO 7ttt (Fig. 3).
o] Aits F3 CF& H0:2 1ZH GSH &g F7H
Z1o 2 A|E U] A3} gro] A| A=l Tofdhe o 2= Qi)

Oﬁ

140 - * ok
120 A

100 +
it
80 -
60
40 -
20 H
0 -
C — 10 30

CF (pg/ml)
H,0, (500 nM)

Fig. 3. Effect of CF on GSH levels altered by H,0, treatment
HaCar cells were pre—treated with CF for 1 h and then exposed
with HO;, for an additional 18 h. GSH contents were measured in
cell homogenates as described in material and method section.
Data were expressed as percentage of control. C, control; ##p
0.01, significant as compared to control; **p < 0.01, significant
as compared to H>O» alone.
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4, H;0,2 §59 NZAEAL i3l CFe B3

ay}

HaCaT cellof A HyOg0l &3t A|ZAHALS &218}al CF
AE 2% G392 A5R7] 98] TUNEL assayS A 33tAt},
Fig. 49 Yepd viel Zro] DNA 3 (fragmentation)?] &
ojt o] FME TUNEL-UA AlE (TUNEL-positive
cel)Q] =7} Ho029] 7}l o) FJatAl S7H=E9L, o=
NZAEAZF 25922 Uepdth CFE A e 39 HyO;
G502 A5 A2 vty TUNEL g4 AlZ29] $7}
FaEATt (Fig, 4B). |8t 23k= CF A7t 5= 94L&
Z o2 Hy000l &3t NZAEAE fFolatA dAsta2S 1
A&,

5. CE7h A=A B S de) Blo] ulae

3%

Caspase—3, caspase—9, PARP+= A|ZX}EALo]| A F23t
dES Hgote vz duido|tt, CF7F HaCaT cell] A3
A AL A o] 5 Tl E o] ofE JEFE v|X =X AHE
7] 93] Western blot& AA|3}H T HaCaT AlZo] CF&
F=ER AYsta HyOpo 93 ¥W3HE procaspase—9,
procaspase—3, PARPS] Tl W& =43t A3}, Hy0.00
OJ%t B/ FH Y procaspase—92t -3 @ PARPY| thiid
W ZhAaE ER1E oY CFY A7 Fxof wet S7HE A
° 2 yetgtt (Fig. 5).
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Fig. 4. Effect of CF on H,O,—induced apoptosis in HaCaT cells

H,0, (500 pM)

(A) Apoptotic cells were detected by TUNEL assay. Arrows indicate TUNEL—positive cells with dark brown color. (B) TUNEL—positive cells
were counted, and the results were expressed as the fold value of control. C, control; ##p ¢ 0.01, significant as compared to control;

**p < 0.01. sianificant as compared to H-0» alone.
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@) } - _— ‘ Procaspase-9
‘ — ‘ Procaspase-3
| | PARP
‘ -—--‘ p-actin
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Fig. 5. Effect of CF on the expression of apoptosis—associated
proteins

(A) HaCaT cells were pre—treated with CF for 1 h and then
exposed with HO, for an additional 18 h. The level of expression
of the apoptosis marker protein was monitored by Western blot
analysis, B—actin was used as a loading control. (B) The relative
intensity of protein band was measured by scanning densitometry
and quantified as a fold value of control. C, control; ##p ¢ 0.01,
significant as compared to control; **p < 0.01, *p < 0.05,
sianificant as compared to H>O» alone.

8L ARG g HpEe 745

2EY A AFSto] WAste] AZbeE &4 dov|a Al AVES
i 112 5 Aol FAERGA (H00) 2 LS}
2EYAE % A A F YN EST HaCaT cellol A 3
A3} & 3% AT ek F2E (CHY AlZ 235 a7t
= k.

RAStpars F2 059 2130 SHEHIL A28} =7
o A8 SR 4 ) o] A5 A B
o] ARSEE 7P GWHA Q) ASHA & shto| T Al Z U
Hy0, 29 F7He the 45E4 vhge 2 Qs ROSE
A=A = PASHA ElaL ZHAA| o] Alst AEHAE S
sto] whA1E FAE, HE &4 L AFES fEsHA "op?,
2 dFoAE ZHEA| oA HaO200 &3t v7/44 <l ROS
BT AZ AEE TLE AT 5 e, CFe o= 3t
A3t tfgste] AZ Y ROS 52 FAA7|IL X A&
&5 IEAAT (Fig.1, 2). CFe Ha0:9F 37 1843t <t
HaCaT AN|Z %ol &= 317] Wioll vl Lol 2H
Aoz Hy0.5 AASHES 7HFe A= wiAg & it o]¢}
TS, CFe Al WelolA H0.F HIES ROSE AA
Fo BN NEZPEES IEA7|=d TostHS 2oz 4
Z+E

NZ WellA ROSY S712 Atst 2Ed A7 7] ol f+=
FArEE Al 2] ZHE @ 7ol 7]1%h W FEoA ROSE
A2 o] 4, 23 W APES Zatsto] A|2e] A A
715E A5t H B4o| Axo a4 9 Hasdy
Abst AAI7F 44 =29 ROSE FAI517] A8l 2Hssta At
A9 =g ROSE] /ol oJsf it} Wojgo] Y=mw
bl AEF AT GUE D AE S4bo] Lehdt 9 AkshA
2Ed 20 Y5t AN EY &AL 4 FR1ATY] fd
DHT Fo] QlE Ao2 IA YT, wEbA ROS A
At Akt & AbolY #EE AT CEHN H R 1tel 2
s AT 4 slom, & A Fedt E29 o-
tocopherol& HaCaT ZHEAAXN|Z o)A GSH $=3& Z7HA)7]=
Aoz BAREYR? B dFoME CF7l H0.2 nZE
GSH &2 5% Y&z FZ & USS FAAH
(Fig. 3).

Absh 2B A0 9% ROSQ HIAQ42A Q] %242 DNA &
Aol 2 A ZAGAS FESE fAYE F shto|t ™Y,
TUNELS &4 DNAQ] 3'—hydroxyl UeHe EAFo 2K
FHAE DNA B2 QA3 Az E AATE 4= A §
o) B Ao A TUNEL A28 B3 HoOpol 23 Al
ZABARE TESFA T CFY Ao o8 AlZAEAL oA
HE At (Fig, 4). A8t AEH AR Qg A ZAEAL
A A caspased] BATH= 3 IS gFFy?
A, A AR &44E HEZER o2 HE AXZAR
H=%  cytochrome c¢&=  apoptosomes A5l
procaspase—9E Awsly FA3}ettt Caspase—929 &A
St A ZAEAL B 2N Fa3 27] DAR caspase—3F
+=2H o2 FAgtete] Ao NEZABAE 23Tt o] A
oA caspase—3°| 2J3t PARP TalA ol FHtko] &£AHH
DNAS] EE E7153HA dth. Hy000 23k HaCaT<] Al
EAHA| M & caspase?] B/J0] F7Fstal PARPE| =37}
dojgo] HiEo] QT B Ao n@AgF
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procaspase—9, —33} caspase?] 7|ZZ DNA B o] o]
3= PARPO] Thild W& Western blots 53l AR 2
I}, HyO000 93 74 % procaspase—9, —39] Wdo] CFo
osf oAl F7HEE ATk (Fig. 5). ol=d ZAie
procaspase’} A= o] SAFHE A= =0 Ho0.71
392 CF= procaspase?d A& A3t caspase?]
A3E Aot (A o2 HoETh CF7} caspase
o &3t mRlE APFAHQA FFE A9yl YsiAE
cleaved caspase?] W& AT} caspased] AL ¢ A
HE a7}t k. PARPY HEL HyO00 &3l oot
CFel 93] F71=¢], CF7} PARPY] E3|& "o} N aZx}EA
£ JABt=H 7195t Ao = Atz HT

V.2 &

H AR AME Hy0,2 $=% HaCaT ZHAF AL A
3} AEF A NEXEA sl AF(TE) oste 2=
€ (CP)ol Yetl= &8s Ak b5 22 2345 ¢
Ak,

1. H,0, A2 Q3] 428 AE Azgo] CFdl o8 4
BEREERT)

2. H:0.= ROSY| &8 FE4] l GSHO| a2 Q1%
A3} AEHAS 9E3tgon, CF= AZ U GSH 4
2o FAA 7T ROSE 74 ]7]L s aats u
it

3. Hy0:00 93 DNA B2 5% 2 AE) AZABAL
7 EIglon, CPE & JEHoz ARusts

AA| s AT
4, CF=  HxO0ol 98 4% procaspase—9,
procaspase—3, PARPQ] && & Z7IAH T,

olgd AHE2 CF7f 48t 2B A 9 AZAIAE 2
tElo 2 Hy0.,2 $EF AE EAozHE HaCaT 23
AEZE B3E 4 9 u% HoEg, 2 dFE CFrL 4bsh &
EfAz % gi AL Xgsty i =35 YA
Qe Aok A SAE A2 A THsA 0] Y-S AR
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