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We investigated the protective effects of antioxidant fractions from a 70% ethanolic extract of Hizikia fusiformis
in human dermal fibroblasts (HDFs). Powdered H. fusiformis was extracted with 70% ethanol and then partitioned
into three fractions according to polarity using n-hexane (HFH), chloroform (HFC), and ethyl acetate (HFEA). Anti-
oxidant activity was observed in HFEA at 0.66 mg/mL based on the half maximal inhibitory concentration (IC, ) of
1,1-diphenyl-2-picrylhydrazyl (DPPH), and at 0.24 mg/mL based on alkyl radical scavenging. The protective effects
of the HFEA antioxidant fraction against 2,2-azobis-(2-amidinopropane) dihydrochloride (AAPH)-damaged HDFs
and the expression of Type I procollagen in HDFs were examined. HFEA caused the proliferation of HDFs with
and without AAPH treatment and protected against AAPH damage to HDFs in a dose-dependent manner (50-200
pg/mL). This implies that the antioxidant properties of the fractions depended on their proliferative and protective
effects. The HFEA antioxidant fraction had significant effects and caused the dose-dependent expression of Type I
procollagen, an important anti-wrinkle protein, in HDFs. In conclusion, antioxidant substances in H. fusiformis were
found in the ethyl acetate fraction, and the resulting HFEA may have cosmetic applications.
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o2 3E) Aprio] k2 Beiuel A Rol A 4 A2
£ 203 4 9lo] 2T £NES) A8o] 47 02k AR
% sloltt. oY | 2FE 5 5(Hizikia Fusiformis)2- thd
A Szgols ZEAE BARkl] SRR AFE Aot
9 W) S04 AAelL ol 25 B ko] 71 &
SEoAElel Bl AR olEAle] 25 R £5E ol
2 Qltk(Lee and Kim, 2017). 2 A|F& o]=A| 2] 5= AYALE
o]7] tizol] AlFE=RES £ AF7F E4dA o] FolA L ¢l

o 71 Fof) £UE F2 wo] Yol WA i e AR

Sush AR, AFEN S S skl B
g TV Z2 Il A e A7lgh v g}, 22 -2jutef
R EEEDECE EUE PSR PR £
Folth. 197] o] B2 A 9A, AdA F3F qlo

ol T 22 A )eS Tl A7 2ukant E 4
APElm A1, A7AISE, OJoRE 9 3R 5 wokoll A w2 A
P71 EH AL Qe el s 2o th(Park and Jung, 2016). &
T} b 2, BIERRL A AJ0] A1 Bhagfol Baalo] o
vy, DEQY o, tfAet W Win] 5o vyt o g0
o] gl ol Al o 9 2714 elell &7} ek &
2] QJch(Park et al., 2005).
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AAR FO o AtollA e e At RisE
© 23|z 24 E7H(Jeon and Kim, 2011), 3HAF5}15 7 Park
etal., 2005), 52 7(Song et al., 2011), 7+ 25 T (Jung
etal, 2001), 31223 2(Shan et al., 1999), 32 ~H|Z(Ab-
dussalam, 1990)2} Z+8- ofe 7}A] AL7} 91 Z Ak o] v ¢
W2 A7) o] Foi %l ul e, thAlmf, Zhef) Fofl Bls A7} ]
v gk Aol i, =4 gAlo|u S AT EA 0 EE- A
T Tha mjH|RE Aol k. E3] X 3R Aol A 7Y
3754 E 59 sl 5 Ak At AN A
o]7] wjoll /&4 T It 35 A te| A-7F F asitt

wheba] 2 Aqtoll s 2] Al B2 BSE AR|oh=
FO| it S-S o] 83t y A2 K A4S HE
st om, o] & flato] E2] 70% ofgh-E FEE} o| 2HE o
271A] gl 2= A|=5k9] on-line HPLCE F3f Hitst
A RN A ZAE ol EE =Y A Z D

B2 1S,

B Ao A AR 52 20159 39 AFE Bt
23 F(H. fusiformisy S AT 572 A2E ¢ Fo £
Fafoto] Hkge) = whEo] A8ttt % W HPLC (high
performance liquid chromatography) £49& ¢8| ethanol,
acetonitrile (ACN), methanol, hexane, chloroform % ethyl
acetate T3] ARG, FAIT BHL 3] 9]
5o 1,1-diphenyl-2-picrylhydrazyl (DPPH), o-(4-pyridyl-1-
oxide)-N-tert-butylnitrone  (4-POBN), 2,2-azobis-(2-amid-
inopropane) dihydrochloride (AAPH), 3-(4,5-dimethylthia-
zol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO), 2,2’-azino-bis(3-ethylbenzonthiazoline-
6-sulfonic acid (ABTS)= Sigma-Aldrich (St. Louis, MO,
USA)ollA £43Fe] ARE-3F3IEt. Dulbecco’'s modified eagle
medium (DMEM), Ham’s nutrient mixtures medium (F-12),
penicillin/streptomycin 2 fetal bovine serum (FBS)+= Gibco
BRL (Life Technologies, Burlington, ON, Canada)o| 4] 7+
shof ARGBLIt. 71 9] 7IEF AlCRE B4 B AIoFS 74

3o ALg-3Le.
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Hizikia fusiformis (300 g)

70% Ethanol (26.48 g)

n-Hexane (1.38 g) Water

Chloroform (0.87 g) Water

Ethyl acetate (1.41 g) Water (20.18 g)

Fig. 1. Procedure of the 70% ethanol extract and its fractions of
Hizikia fusiformis.

DPPH, alkyl radical AHs &H

DPPH, alkyl radical 22752 S43}7] ¥3}%] Heo et al.
(2005)9] " whet 4 Ak~ 31 578 (Electron spin resonance,
ESR)& ©]4-5}3itt. DPPH radical 42758 60 uM DPPH
60 pLo} A RE SRR 60 uL 4 Eqkslo] 257} WS &
capillary tubeol| &7 Z43}311, alkyl radical 2752 =4
517] 918) 20 uL 284, 20 uL A] &, 20 uL AAPH (40mM),
20 uL POBN (40 mM)2- =3}5}0] 37°C water batho]| 4] 305
7t Rk % capillary tubeo]l &4 Z45k3ich
HPLC &4

5ol SHEAS 5] $all 515 HPLC pump, in-line
degasser AF, autosampler, photodiode array detector 2 pump
control module & A2 WatersA HPLCE- |83t}
Column sunfire C18 5 um 4.6 X 250 mm=- ARg-51o] zt &
37Ee ISk tH(Fig 2). 4 o2 E 7127] &9 W
H(gradient elution mde) = 3}o] Z7]-&1] ACN 5%°f|A] 705
3 100%2 FsAzen 2] 27 S 98 2 AR
£ BUT PO R BYH9I

g4 o3 gAE 95l ABTS assay= 2HQIsI3ith. ABTS
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Fig. 2. HPLC chromatograms of the solvent fractions from 70% ethanol extract of Hizikia fusiformis. HFH, hexane fraction of H. fusifor-
mis; HFC, chloroform fraction of H. fusiformis; HFEA, ethyl acetate fraction of H. fusiformis.
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assay 5 ARESE 2 S T2 e, 242 sk sAlel HDF MIZOA AAPHO] 2fst At &40f Ciet ES
BEHOR FEAE Blo] 7  AFEE AR ABTS &1t EX
2} potassium persulfateE AREsto] Z42) A3 =91 &
ABTS Aok} Z1H3] —T—"—‘ﬂ' Al A ZSA I F ) %ﬂ}_% %911—4—8: 1L 2 o] g5l A3 4= ZF well T 5% 10°0.8 24 well plateoﬂ 2
A0 QS Slste] 12-14h B ke B Agatgtey o O e
Yokgitt. 37°C SdtHlolEollA] 24 h vl o A2 E 5
M s = 82 Helakick. o] 5 37T SFHlolElelAl 1 h joyss
o™ 10 mM AAPH 10 pLE A 2|3t} 1 oF3-37°C Q15+
o]Elo] A 24 h vjeFE}S) 0 2 mg/mL % %2 MTTE 50 uL
Ae]skgitt. o] % 37T ¢ltHlolE oA 3 h §Eg-A]7]4L, 37T
oA 3 h HjFet & FAH 584 2742 DMSOE ¢-4138] &
of "9l 2jehA] 7] 3 12 h 23 Zof ELISA readerS AR&-5}o]
540 nm =0 4] 2753 7 4hS Ptk At AR
o] glo] 4te}a AEY AT FEAIT] ARG AMSt4 AEY

ZF Ao Higt Al SAde 5718 ] #ls) MTT assay R

HDF A2+ ATCC (American Type Culture Collection,
Manassas, VA, USA)o|| A G415} ARE319It) HDF A2 &
ajeFst7] 913t v A= DMEM} F-125 3:1 Hl&& &gt &
penicillin/streptomycin 100 pg/mLy} 10%2] FBSE % 7}st
e Al v 7] 59 A o7 ZeYskglon 37T, 5%
CO, incubator (SANYO MCO-18AIC CO, Incubator, Mori-
guchi, Japan)©f| 4] B3}t
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38 Yong Ri Cui - &4 - Al&4A -
A% GEAZIA g AFFOR TR,
— - E == =0 A9 0
DF MEZOM HEZZA 53t 58 Rremdnted e
$e)0) 227 ¥ 2280
Zk A gof gt Al22FA a3E H7hst7] 9@l MTT assay o] ¥ 13} 444 Lz= o”E]—_Q_ ==
WS o] 88o] A 4= ZF well G 5 X 10° 2.2 24 well plate o _g_/n}a} 29 LT, Cho et al. (2012)0] H113t 3%
of Megatict. A2z F4do] §ld 50, 100, 200 pg/mLe] & o] TxE LY 2EE 1418% B} Y958 2o g0
= Ol%ﬂml Aol A 2lstl o, Al =47} the 2 slolaldth £o] HEEE Zoj| A= HFEA7} 714 =2 428
BhAHZS HEZ A2t ZUESANEFHFES S o] FH e} o] 22529 EtOAc R B2 HE o] 232
Ak 9] phlorotannins°] Eil Eojgtom, ¢35 A& o] &
Sl MME =X o1& 1tH(Choi et al., 2007, Zou et al., 2008, Kim et al., 2011
i Leeetal., 2014).
%E}?ﬂ }\g %% E_7] ‘I']—GH Wang et al. (2018)_,] HFH O &2 5 zzEl_L]_ EQ%‘;‘—‘] DPPHQ—]’ alkyl ﬂ_q i7’] e/%] o
_ _ g -
i Aﬂoi X JOOZ]I Zj] ;Eé 7\1? Ztoj g? 0]12017 ;‘]{efqui? ol ti(Table 1). DPPH 2to|Zt A7 SAHL sfshA o
;;]E‘ E‘} 1 FeRlle] RhARsl= ofs stelsted Sel 4 B2 JFEEE= A QH3l radical 24 A5 free radical 4~
&S A SElolut i Bol5 S Wk RO R, PS8
=72 Sof ola) ghelElo] SAE|EE cleket AIAARRE At
S ‘—g; o1—o£7 oz:;_]_u]-mgio} e K 1
A ATre) FAA ) ARl g Bt = EEAAE e ?018 FaA ] e Ei“ii};m i
o ~ ). & =1 HFEA®] DPPH 2tt)z 22AZA IC, | 4k
U itt. SPSS 3 2 7 3(SPSS Inc. Ver. 12.0)2 A8-31¢] One- o o
- ! o 2171 3,070.01, 0.660.06 mgimLO.% HFEA7} 555
way ANOVA-testE A A5lo] ZAFHEE 7Ho] (-2 A5 . o=
Turkey’s multiple range test2 *P<0.05, **P<0.01 4===of 4] FHepE FeEaol His 4o gt DPPH i &7i2h
) oi’o% ﬁ/\]sl)}odl;} g 05, O == o] ghel =gl th(Table 1). E/dAA 20| A alkyl 2ft]Z-2 4=
- 5\—‘5*1?401] olaf] A7, SRS F5l diene FEIE BHY
Zot U st o] Ao] ThA] AbAe} AF}Ete] peroxyl radicalo] &A= o]
*Pﬁ}— doith £ 553 HFEAY] alkyl 2ttjzh &A%
e ane e 2m A 10, W Z47F 0.12+0.01, 024+0.02 mg/mLe FZ%
Zoesass v S S SRSSAFE T gureao) Skt alkyl el 2 4712 Ado] Shelelo] 22 %
g X et 471 84 3} HFEA R 943t alkyl 21t]7H 272k o] Bhels|gix)al,
% S22 55 7 Sl E 28559 4482 Table HFH2} HFCi= DPPH 2tt|Zt o w7 FA| 2 alkyl 2he]z 427
Lo Yeh Qleh. &2 350 ARSRE A% & 2H9-H(300 g) T Egh 4] 42 AIE ASITH(Table 1). whzhA], HFEA
= 7o 2 ALkl o, 29 70% oghs =559 &2 O] gt atet E4dE RlklaL, ol dA+=el4 HFH
8.83%= TFolE| 9l 11, 225 S £ EE9 -9 hexane & 2} HFC Y fucosterol (Hwang E et al., 2014)¢| 1} fucoxanthin
35 (HFH) 0.46%, chloroform +2&(HFC) 0.29%%} EtOAc (Yan X etal., 1999)1} -2 A s1gh=2] A+ Hl= QI%IA|
H3E(HFEA) 0.47%2 1= ¢ItH(Table. 1). Z2HE 3| Tk, HFEA 9] 739 ¥R A-t=to] A5gh Adste] 7] wjie]
St g et ER RS 236k AEY A 7V gt AR 244E B9 W HFEAE o83 ths A9
of| Ask3irt.
£ &&= 7d 0 & 28552 HPLC A=0IE
Table 1. Yields and antioxidant properties of extract and solvent T 2A
fractions from Hizikia fusiformis =
Yeild DPPH Alkyl Fig. 19 Yepdll A npBrix 2 & Dv] nf H 235 %
(dry weight, %)  (IC_, mg/mL)  (IC., mg/mL) 3| HFH, HFC2 HFEA 9] % 37]9] 53122 ool 7, HPLCS
Extract 8.83 3.07+0.01 0.66+0.06 ol ZF £ EE0 A=ntE Y 311%%5‘«4& ATt (Flg 2).
HFH 0.46 1> 1> =415 23 HFH= oh2 28l E50l Blel =4 shd=a o
HFC 0.29 1> 1> g A= AS IS 4= A e, HFC= 2t 9259 AU
HFEA 047 0.1240.01 0.24£0.02 o Hop HAH o= ghpohe sekeael 74 dEol 4
HFH, hexane fraction of H. fusiformis; HFC, chloroform fraction 2 7S @olg 4= Q). T1of Hkal HFEA®| 79 retention
of H. fusiformis; HFEA, ethyl acetate fraction of H. fusiformis time 10 min W] £]9] B34 Z-2- Aj7ttl o] w]F50] FH&E| o

DPPH, 1,1-diphenyl-2-picrylhydrazyl
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Fig. 3. ABTS on-line HPLC chromatogram of the ethyl acetate fraction from the ethanol extract of Hizikia fusiformis. ABTS, 2,2’-azino-

bis(3-ethylbenzonthiazoline-6-sulfonic acid).

a4 sfelEES xalsly, 7 9350 AU S £ 2 uj3
Eo] dlefo] o =y 47}x] £ solsl 4= ¢l A th(Fig. 2). ©]
25t ATE Be Lolo] BERso] gu) 4 W AHal)
B3lo| ¥ A2 8holgt 24 ggou HFEA tief 4] 2131l 4714
9] 9| F 50| thafi A 7 A4S S3 A A 54 B4 o]
7158k Zlolth.

% 225 ] 415} 34 HelEe 2457|918 HFEAS)
47}A] 1] F-5% on-line HPLCE E3}o] ABTS 2]z 47
3HA-S BA519I Tk On-line HPLC:= crudedt A4 So]| 4] 24 3
AE gASH=T| o} AXFAQl BP0 & o] A Q] of g =i
Al ARE-E Q1AL on-line HPLCE ©|-8-3F ABTS 2hojzt A7
A 272 HPLC9) postcolumnof] 2J3}] £2]% 5 680-730 nm
oA TP 7HAol| 7| 251e] ABTS B4 A= S 243t}
(Lee et al., 2013, Kim et al., 2014, Kim et al., 2016). On-line
HPLCE %3] HFEA Y] 5352 ABTS 2ttjZ 2784
243t A3} retention time 16.5 minol| A& 5= w37} o}
7F8gt ABTS etz 27840 922 &3lsth(Fig. 3).

o]g)3t A3}= HFEA Y| 1] 3.9 d 47 2] 5 35 = retention
time 16.5 min®| 727} o}5= 423t ABTS 2ht]Z gHgo] &
Qlsjo] ol FATH B RGN FUTH TS 2L Fu
39 Bo] 7H531¢] 1, roll DPPH, alkyl 2jt]Z 278

B} Axtof| Al 2Rl¥l HFEA Q] 2423t gatst &4 of| tiet 4
<ol 7kt
HFEAS| FOIM|Z (HDF)E 0|8¢%t &8 &4

] F-0] Aot X952 A T el collagen
I} elastin®] TS HEShaL Y=, Hol7h 7kl whetk 1
1| &0 25} HGolH o) 2t 1 427t A4Sl col-
lagen} elastin 2] % T A 0] SFAJo] ZhAE| T, w2 A
3E Y o] SAIEH ZFAl 2 0] L2 7] MSHE th(Jeon and Yi,
2014) upaba|, -2 = kst E4do] L2514 HFEA7} 9

A2, =53 At HDFA|ZO] ou g gk mA]
%11 LotE7] §l3f wof wE BEE, AAPH 418} HEd
3, AEFAEE ST o] 2 15ke] BEES] FEE S0
ugmL, 100 ugimL 7} 200 ug/mL®] =2 Aelstict. 7 3
o BEES Ajolo] | S4S 2elgt 23}, BE 2e)
£E0] 7 o] 4 0% ol 4H0] Al AEEE Bhelste] 54

o] 7] e 98-S Bl 4 1%ITh(Fig. 4A).

A7 Aol S0} 249 AZEHS v A4 4
1o E/‘H FE3 A ZEA 0 2 225 1AL} 2] 2

2] Bl A uhe whfRith. 297w At
01 B3l = Al2esto] Higt 2d 282 B

o 51
=0
/%I/\O
e}
SH9-

e
o]
A]
=

H1
m{ngﬂm

ot qifo HE
o 1~N
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80 :

050 yg/mL @100 pg/mL @200 pg/mL

60

40

Cell viability (%)

20
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Fig. 4. Protective effects of the different solvent fractions against
AAPH-induced HDF cell damage: (A) The cytotoxicity of the
solvent fractions on HDF cell; and (B) protective effects of the
solvent fractions against AAPH-induced HDF cell damage. Cell
viability was measured by MTT assay. The data are expressed
as the means+SE (n = 3). *P<0.05, **P<0.01 as compared to
AAPH-exposed group and #P<0.01 as compare to control group.
AAPH, 2,2-azobis-(2-amidinopropane) dihydrochloride; HDF, hu-
man dermanal fibroblast; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide; HFH, hexane fraction of H. fisi-
formis; HFC, chloroform fraction of H. fusiformis; HFEA, ethyl
acetate fraction of H. fusiformis.

W8H= w2 o7} B 5] 9 th(Jeon and Yi, 2014). £ o]

M Absk FEEZAQ AAPHE A 2]3ke] MTT assay S 53
AAPHe]| &Jgt 4k} A2 =408 gj1stqit}. A1}, HFEAS
Al Qg HElEZo) A= &Ado] nlH] sFE AT HFEA: & -5
Lol A] o] F 0 2 AAPHO t gt Als B 5 a3} 2Rl =] ch
(Fig. 4B). HFEA7} HDF A| 0| A -=5}131, Ala}al-8-of ot
B35 Ay AuE 8l 2 HDF Al 29| FA12S S4519
o} HE B3 EES ew ¥ g 29 ok HDF A|3Lo]| 2|5}
MTT assay S 53l A|2E SA1ES 2RI A}, At R g ot
9} H|S=5HA HFEA S A| @3t 28 EEoll A= /o] ulH]stal

- Lei Wang + A9 - Liu Jia - A-8-A

z

180
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o
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Fig. 5. (A) Proliferation effect of the solvent fractions on HDF
cells. Cell viability was measured by MTT assay. (B) Effects of
HFEA on collagen synthesis in HDF cells. Medium of the cell were
collected and analyzed for collagen ELISA. The data are expressed
as the means means+SE (n=3). *P<0.05, **P<0.01 as compared to
control group. HDF, human dermanal fibroblast; MTT, 3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; HFH, hex-
ane fraction of H. fusiformis, HFC, chloroform fraction of H. fusi-
formis; HFEA, ethyl acetate fraction of H. fusiformis.

;(]g_]-, HFEAh HE =to|A G2 oz AEZZAo] Uolyt
5} 4= 91911, £3] 200 ug/mLo) oAl A7}
ng%:bgoﬂ B]3] 50% ATt ZAI5F A2 sl 4= 9l ik
(Fig. 5A). o] &3t A1-=2 HFEA7} collagen} elastin®] &l
2 Sgela Qi Alfobizol 4] AshE o] dhet Alsh B
BIE ZRISHAAL, gt of3f| EofE 4 Sl ArotAl 2
._./\]oﬂ EO o = OEN /L}g]_ Ei;‘[“_}% 13301 OA—SI_ /\ﬂi
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