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2 oF: B A= Symphoricarpos albus(S. albus) FZ 27 T8 FE2EE WO R zebrafish HjoMHS
o|-gsto] M MFE aAM=A Y Fa4d Bt 2 x| n] QYL vl Frlstylh olE fI9t S
albus FZ&52] P43}t &AL 10-200 1 g/mL =4 DPPH radical scavenging, FRAP activity, ABTS"
radical scavenging= Aot o, BF 5k O]EZ 9 radical &7 SA-E& HolAl, S albus Y FE=°
AVt =& °V‘_§]r 273 YRt Zebrafishi= @74 ZHPEa Qe “"4 A sE=A SES 2PE
Ao SEET glon, B AL zebrafish HloFE AHst 218, Batg, AR =4S BHrlstart
O An da FEE9 49 100 pg/mL o) FholAe 548 UEdle A Zelsklt A8 2%

& B74517] 910 sebrafsh 2eA=1lE ARG, 39 £ 4 siels Acise 3 A 72
AZE R S albus @ FEF 200 pg/mLel A HEZ thu] 17%0]) A T3S ehpgle. ol=is Azt
£ S albust TR RAE FaSE DAY AT AALARA B 5T Ao A
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Abstract :

This study compared and evaluated the antioxidant activities of Symphoricarpos albus(S.

albus) extract and fermented extract. Antioxidant activity was measured by DPPH radical scavenging,
FRAP, and ABTS. Concentrations were measured at 200, 100, 50, and 10 xg/mL, and antioxidant
activity increased in a concentration—dependent manner. S. albus leaves fermented extracts had the
highest antioxidant activity. And this study evaluated the safety and tail regeneration of S albus
extract using zebrafish model embryos. Zebrafish are in the spotlight as an alternative animal and can
be used for cosmetic research. Zebrafish embryos were collected and evaluated for coagulation rate,
hatching rate, and cardiotoxicity. As a result, it was toxic at concentrations above 100 ¢ g/ml. The tail
was cut and the regenerative effect was observed for 3 days. As a result, from 72 hours, S. albus
200ug/ml leaf extract showed a 17% regenerative effect compared to the control group. These results
suggest that S albus can be used as a natural material for antioxidant and regeneration for skin

improvement.
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ZAF 2 fefdatel] A& R LEHT] o]
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AFo mi &Ako]l 29 90xtel Superoxide(O,
7), Hydroxyl Radical(OH") &3 &2 free radi
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80% ol’del HZIMD FAMdE 7R FAll
ANBA 9 ZF 7183400l it me &
Asto] A2 g2 A7t o]Folx]al 9]
= [;Hxﬂ/\]o—]ED E\:ﬂo]q Zebrafish Oﬂ:,Ly]- 7}
ﬂf‘ﬂi’ 9 o]8 = 3 IR FFERA ZX
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Symphoricarpos albus(S. albus)= 2S-H|F
g 20 A5 9E 29 #Ro= of 5%
ol EAsks AHE=Fl2EA & Agolt. S
albus= F5_ AP Aol HrEoldle A
o= dA qlod, AA ol @t =y =
ATz "2kfHE FEES ke 2AET

10

=
g fakeHE FEES dfchke FF NS

A In vivoell Aol 54, A H7ter dRish A
Ael= mlult Aol

ole] B A= S albuss A, o, E71, #
2] 4 B9E o] FEES AXs5H, o]F W
8 FE05t ZF B9 S albus F2E(UFSA) 4
F3 e S albus FEEFSA) 45S FESHA
th zb 29 ¥ UFSA, FSA9] gtsl 248
7¥st7] $1sll DPPH radical scavenging activity,
Ferric reducing/antioxidant power activity, AB
TS" radical scavenging activityS 4~35tal, In v
1voell A zebarfish embryo, larvae?] 54 AldS
Y5t o, Zebrafish larvae 8 PSS 5
S Agulo] A B 9 22 S <l
shaleh 2 A9 Ayl Ate 9 9 R A &
FEC=ZN S albus FEEUFSA S albus
g FEEFSA] HA EF LR &8

=

1y

2. d4 &
21, MR F&

S albus %2 S, albuss 4 %9 4vf, 4,
=7], Belz o] &gsiyint. 4] dE2
10844=2] 70% Ethanol& 7Fet H 241t 5<%t
250 FE519e™ o]%, Overnight H2] =
= APsteict. 22 FEoA= 108142 50%
Ethanol& #7}sl1, 247+ 9t 28ut =&
ston & & Overnight Z%] F&& AYs}
Aot el A9 1, 22 BE Yo oigh g
o] H]&E 20Wi4E Hrb FE5Hch 45 =

Ethanol #&&2 No. 2 filter paper2 15}
o, 4duf, &7], #2E= Rotary Evaporator
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2,2, ANeF ¥ 7)7]

874 F7F= s AMeE Alek2 DPPH (1,1
—diphenyl-2-picrylhydrazyl), TPTZ (2,4,6 Tris
(2-pryridyl)—s—triazine), Potassium persulfate,
ABTS+ (2,2-Azino—bis(3-ethylbenzothiazoline—
6-sulfonic acid), Ascorbic acidE Sigma Aldric
h (St. Louis, Mo,USA)ellA Faistia, HCI(H
ydrochloric acid), Methanol, Acetic acid, Etano
I, DMSO (Dimethyl sulfoxide), FeCl3(Kanto, ]
apan), Sodium acetae(Shinyo, Korea)+= Ducksa
n (Ducksan General Science, Insan, Korea)olA]
Soiste] ALgSkTE BAE 9o ALgR 717
Micro plate reader (BioTek, USA), Leica micro
scope (Wetzlar, Germany), Image J(Image | 1.5
1j8, Wayne Rasband NIH, USA)S& AMEsI
=8

2.3. DPPH radical scavenging activity

E AP A+= DPPH  radical scavenging
activityE Blois®] W& dF WHIPste] ZAst
STH10]. UFSA, FSAE Z+Z 10, 50, 100, 200
pg/ml FEE §afste] Z47te] AlgE 96-well
plated] 50xL2 EFst1  0.2mM  DPPH
solution2 150 L A 2]s}e] 28°CollA 3087t |t
AR & 517nmelAd FBEE A &
A ZF 2= Ascorbic acid(VOE AHESHA
=8

2.4, Ferric reducing/antioxidant power
activity

E AFofA+= Ferrous—tripyridyltriazine (Fes”
~TPTZ)ollAl  Ferrous—tripyridyltridyl triazine .
& U5 Benzie® WS WSt Sdds
245t TH11]. Frap working solution2 300m
M acetate buffer solution (pH 3.60), 40mM H
CLE o]gste] Azt 10mM TPTZ E 20mM
FeCly& Z¥ZF 10:1:1(v/v)9] Hl&E &3 ot A
x5tk Zzte] AlmE 96-well plated] 50 4L
£ EF5t1l FRAP working solutiong 150 #L
Agste] 37CAA 1083 ¥+-3A171 H 595mm
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2.5. ABTS* radical scavenging activity

2 Aol Miillere] HHS ¥gste] ABTS'
radical scavenging activityS Z5FHTH12]. A
BTS" working solution 7mM ABTS®} 2.45m
M potassium persulfateE 1:1(v/v)9] HEZ =
et 5 ARollA 24X T HEEAIFATE o]
ABTS radical& @4A1Z1 F Ethanololl 45}t
734nmelA &4 =7F 0.7+£0.027F H=% A x5}
Act. 4zt ARE 96-well plated] 50 uLE
B33 ABTS" working solutiong 150 u L A
2 5to] AF2ollA 2087 ¥-gAIX1 F 734nmellA]
3L E =AY FAUZRFEORE Ascorbic
acid(VO)E Ar&-stitt.

2.6. Zebrafish Al LU embryo A4t

Zebrafish adult= @ 14A17F HF 10A1719] A3
A F712 closed cirulation filtration system=
ol 28£0.5C9 +2& {Aoh ARSIk
Zebrafish embryo®] 7-¢ mating cage seto]] &
A £ HEE 2 1 3 HRE & F o2 g
oyl #F ZA=E 7kste] 3081 4hRbE fESHR
. AHE embryo= -§ media(sea salt
solution)& ol-8sto] F&s] AARt F A%der
embryoRt& 2E35te] 28+0.5C incubatorofA]
wlo¥sldth. Media: 24A17F F7]12  wAsho]
A9E sgstaich

2.7. Zebrafish embryo =M &7}

6 hpf (Hours—Post—Fertilization) Zebrafish e
mbryoE 24-well plated]] 1078 &3 5 10,
50, 100, 200 xg/ml =& A= Ztzke] UFS
A, FSA A|2E embryo media®l &35t 2mL
A Aestgch g2 FEC R embryo mediaZ A}
Sotlom, 24A17F T2 ABE WAste] 72
A7t B9t embryo?] -$1-8(coagulation rate,
%) D F&(hatching rate, %)= S5t

2.8. Zebrafish larvae M&E =M &I}
Embryo 54%7F zafe] Abg&E 72 hpf
Zebrafish larvaeE embryo mediaZ A& 5}t
2d-well plateo] Sotel® Bxshelct. zhzhe]
larvae©]l tricaine= A5t mtHAIZ] H Leica
microsopeE o148 1270 4RSS 24
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FEH13].

2.9. Zebrafish larvae 12| MM §5 7}
Zebrafish larvae®] A8 H7HE fIs 44
5 72 hpf zebrafish®] larvaeE 60mm petri dis
hol 10mh]¥ E55kleh. o222 0.40 mM2]
tricaine © 2 WFHTE larvaed] WX =20]S nee
dle2 At embryo mediaZ A& &, 96-
well paltee]l &+ mt2j4] wjz|skITH14]. 100, 20
Opg/mL &9 S albus F25S ZF welldl 2
mLA AZstg o tRF S 2= embryo media
£ AMgstgith. Alm AEE zebrafish larvaes
F22028+0.5C)0 st en, 2447 F7]
2 397 AR AAHE Leica microscopeZ Tzt
5t Image J(Image ] 1.51j8, Wayne Rasband
NIH, USA) Z2 & ARE-ste] 23513l

2,10, SAXzZ

2 A7+ ZF 33] HEE ASdsto] Batgt W %
ZeAz Ag qeggen, 7 Gse et
Student’s t-testE ©]&3l] p < 0.05 Fo+=
oA HSSHAH.

3. Eat ¥ nF

3.1. DPPH radical scavenging activity
S. albus Unfermented extracts(UFSA), Fermen
ted extracts(FSA)e] Z+ ®9] ¥ DPPH =tjzt
A7 G4 A} UFSA, FSA BT =5 oo
2 52 @4 B9 3 FX3 200 xg/mL
ol A= UFSA®] A9 A(59.51%), &71(53.73%),
Al (38.29%), 2](39.04%) FSAS] 739 2A(38.
00%), 2](33.34%), Z71(27.58%), <ul(26.2
1%) 22 4 B9 5 oA 7P 52 @45
Uel= Zo® SIEgIth i e R FSAT
of Hlsll UFSAZolA o 73 S4S Hion,
FRAP &4 9 ABTS' radical &7 &4 ZAxe}
Hlwstls o 7MY =2 g4ts 245 UEY
Zo7 gHolEliet. DPPH 2z 47 &4
AAZ AE FE2E9 PAE S99 AT
e =2 Aoz BHuE gt ket &
o] Hold Aoz Izl HiUR F o =&
o] 200 ug/mL FXANA 61.5%2] DPPH radic
alg &AsS vebhd AT vlustS uf S ab
us ¥ FEE(UFSA)0] ol¢t FAIRE SAHEE 7}

A

e ox O rlo rr
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nts performed in duplicate (Ascorbic acid @ 50 xg/mL , *** : p < 0.005). (A : Fruits, B :
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Hogx et &4 ass dSctr A & g/g) L& EefHo|t Jigo] W Z& g
*}Q}Z]E’ﬂ—‘ﬂ 8 7Fsde FUSHATHISL A & UAATHLT]. dRiH oz F EdfHiolt
g o "7 F/4d= A (Principal Compo o] ?Fgo] DPPH =tz 475 oA
nent Analysis, PCA) 438 A} S albuse B 7} Q= He st u), S albus O &
&9 Hlz4t, ERtELO|EE Ffote AR U =2 S albus GWll, &7, B2l FEEC] H|9
Bhton, % 7Rt 0“}9} 4-8S Uehlle & A 22 FeFo] EffELo|EE FRet Ao
gt o] =4 F2AE(146.27mg/100g) 2 4| 2 WoET o2y R o4E saksRsS U
£(247.31mg/100g)°o] o AEH AL el EM= Aoz g}
v Qlef(16]. ©]¢ HEo] Kim 5 (2020)9] A+
o] wt2d HgR{el offFUole] R FQ A 3.2. Ferric reducing/antioxidant power
2 AFY A% 710% oe-E —Zr%%oﬂ/ﬂ AG activity
1,241.03+88.82 RUE ug/g), &71(23,241.03£2 FRAPS Fe’ -TPTZ7} d4tsiA|9} Abe2-g5)
35.00 RUE ug/g), 4@ul(3,580.51+23.50 RUE u o] 783t 2] FeX'-TPTZE EFA S FA
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sto] SAHETH18]. 10-200 pg/mL FE° S af
bus Unfermented extract(UFSA), Fermented ex
tract(FSA)©] 7} H-9] ¥ FRAP &4 ZAxt UFS
A, FSA BE 5k SEHOoR £ 24& HY
ot 3 E%9l 200 zg/mLofA UFSAS] 3¢
2(49.01%), B21(34.74%), &71(32.03%), Luf
(21.87%), FSAS]l 7% <(35.85%), #(31.7
2%), £71(25.87%), E9i(18.22%) <22 DPPH
radical 27 &4 Ao} v|wslAS wieb upzt
ZHAE YA 7P =2 242 vebda FA
o] FSAto] H]dle] UFSATo] o 74sh gHd&
U= Ae= ZRlstt

3.4, ABTS" radical scavenging activity
ABTS" radical scavenging activity:= potassiu

A

g

]

activity (26)

2 =

Ferric reducingfantioxidant power

Ascorbic acid 10 50 100 200

Concentration pg/mé

B [ UFSA mFSA

@

s = B

activity (36)
]

= B
1
w
1
=
I
I
F:
:

Ferric reducingfantioxidant power

Ascorbic acid 10 50 100 200

Concentration pg/me

m o UFSA mFSA
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m persulfate®}e] §Hgo2 AAJH ABTS free ra
dicalo] Alz9] st 2ol oo AA] 3
SMo] SR Y E o83t AdHe=r A
A Nz 9D 254 AR89 radical &7 BA
o= grrer 4 QIoH19, 20]. 10-200 #g/mL
L9 S albus Unfermented extract(UFSA), Fer
mented extract(FSA)2] Z} H¢] & ABTS' 2t
Z 427 &4 Ay UFSA, FSA % & 9&
Hog 2 &g Byt H1 FxA 2004g
/mLollA UFSAS] 73 H2](29.70%), €(29.5
4%), Z&71(28.52%), Bv(19.76%), FSAS] 7
21(30.23%), =71(27.63%), ¥2](27.63%), <Euf
(13.70%) o= UFSATS] 7% He] FZE
A9 radical &75°] 9 =7 SHHAoY, o
FZ2E0 #HWAZL 0.16%8 1 Zol: mju]gh

off tlo o>

)

100 -
.
P ow
&
H
T~ 60
i
a5 40
BE S
]
3 0 _
'g ...... _ I
- 0 | I
§ Ascorbicacid 10 50 100 200
Concentration pg/mé
m o UFSA mFsA
100 -
.
-
-
H
o~ 0604 e
i :
g% 404
BE
£ 5 -
20
: MM E . _
a N
] 0 |
§ Ascorbicacd 10 50 100 200
Concentration pig/mé
m ©UFSA mFSA

Fig. 2. Ferric reducing/antioxidant power activity (%) of Unfermented S. albus extracts(UFSA) an
d Fermented S. albus extracts(FSA). Data are shown as the mean + SD of three indepen
dent experiments performed in duplicate (Ascorbic acid : 50 wg/mL, *** @ p < 0.005).
(A : Fruits, B : Leaves, C : Stems, D : Roots)
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Hol 4 B F oA 1 =2
= 1%k 4= Qlct. DPPH radi
cal &7 &4 9 FRAP 2 Zitel {AksH
Al o2 FSAwo| Hlste] UFSAwolA o 7
gt &4 HellE AS g1ttt ABTS' ra
dical £7°5-2 DPPH radical &753te] &7t
FYsHA ZgopA|at, & AAANE v wstS
o ABTS 2oz Asff E4do] o @A U2 A3
2 dQIgr 4 Qltt. o]= DPPH+= free radical2,
ABTS+= cation radical& &A3tt= xtol7b QL
ol N2 7143t wg-E4e A% Hk Folrt &
gt FEE ©E HHZ £AF 4 A Lol
AolstAl vehg 4= e Aoz HigHE A7)
dupel 72 zolrt Kozl ZAo® mHoh

8 E

z

=
-

4
I_|
|
|
ik

ABTS+ radical scavening activity (26)
5

Ascorhic acid 10 50 100 200
Concentration pg/mé

m o UFSA mFSA

O

s B

z

=

e .- T T
| I
O T i

Ascorbic acid 10 50 100 200

ABTS+ radical scavening activity (26)
= S

Concentration pg/mé

m = UFSA mFSA

Symphoricarpos albus®] FAYsFsT} Zebrafish vjob 54 9 A &5 H7 7

[21].

3.5. Zebrafish embryoOl|AM{2Q] LA EME I}
Fig. 49} 7¥o| zebrafish= 2 A1717F of$ %t
of 7] AlZEFo] 15% Ao = = &
A 6AE & AXZE ol gastrulationg ©]FT,
4 12A1Ze] A 5 =9 FEjgidol AlFE
ot o]#fet IF2 zebrafish WA vjoprt Frgst
7] wjgell gyt Anl stollA GA EAYL] nE
o] WEE 4 H22]. Zebrafish embryo?]
AR B35 A 474 S(hpf) 48-72ho2
gratoA Hojd AeE K} H Zor 7

o
=z B

z

[
=

L=l

Ascorbic acid 10 50 100 200

=

ABTS+ radical scavening activity (35)
8

Concentration pg/mé

B UFSA WFSA

o

s B

=

= E
)
i

’
g

u
_—

ABTS+ radical scavening activity (36)
£

Ascorbic acid 10 50 100 200

Concentration pg/mé

m o UFSA mFSA

Fig. 3. ABTS" radical scavenging activity (%) of Unfermented S. albus extracts(UFSA) and Ferm
ented S. albus extracts(FSA). Data are shown as the mean + SD of three independent e
xperiments performed in duplicate (Ascorbic acid @ 50 pg/mL, * @ p < 0.05, ** : p <
0.01, *** :© p < 0.005). (A : Fruits, B : Leaves, C : Stems, D : Roots)
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tail fin

|

Fig. 4. Images of normal zebrafish embryo showing stages of development at different hours of
post—fertilization (hpf). A. zebrafish embryo 6 hpf, B. coagulation of embryo.

=odoA de Fikes TAANE 4 Qo=
AL ou|gtri23, 24]. 10-200 pg/mL FE=Z

UFSA FEES& A3 embryoollA 24h & 4
29 BE 20% w|re] -gargo] TEESGo,
72h A3 Sol= duiE AlQlgt o, £71, e
FEENAT &S 20% nTh HIg
80% olds uEligich. @l FEE(UFSA)9
AL 200 ug/ml SEo|A 48h T 20% olAre]
S1gS HYoy, 72h AW F 7 Hrdzg
70.0, 90.0, 100, 100%9] H3hgo| TEst= A
o2 Uehgrh FSA 282 A3t embryoel
Al 72h A 3 Je BE shoA, 7] Y #
2= 10pug/mL AT 70% o9 Ra&
= Ul g FE&9 49 72h A §
7} FEEE 40 5.0, 0.0, 0.0%9 7P E2 7
ka2 YErSlY, 24h & 100-200 gg/mL =
oA wHjore] FRLTF ZAdte] weh FAdo]
UE Aoz masigrh

3.6. Zebrafish larvae AT SMTI}
Zebrafishi= 71& 3PFERAY 718 SEAET
Aol siFotA] gfom Ia AES, B2 445
9 548 Aot gEs] AP e XA
TEAYE thA mdolt} Izt oF 70% AHE]
FARE GHAE A zebrafishe 23529 A
g 9 Izt Ay Adte] g 2 24
HiAYZo] #8ste AR w2 AT ZAipt
A== Qoh25, 26]. Zebrafish larvae?] EA
B7He larvaed] AgERgo] UFSA, FSAS &
0] vl JFS FRIsk] Yot embryo T

=AWt HPH 72 hpf zebrafish larvae?]
Ao 187 SAskloh. 11 A3t UFSAS] 7
2 200ug/mL x4 <Fuf 124.83]/1 min,
ol 150.43]/1 min, £7] 136.0%]/1 min, =
129.98]/1 min2 ZA=9on thEHembryo
media : 162.33]/1 min)@} H|ws}¥ct. FSAS]
A% 72 hplA 50% oo Reteg tpehd
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Fig. 5. Coagulation rate, Hatching rate was measured by zebrafish embryos toxicity. The Zebrafish
were seeded at 10 embryos/well in 24—well plate and incubated for 72h in order to measur
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