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Anti-aging and Anti-dementia Activities of Different Solvent Extracts
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This study investigated the ingredients, anti-aging and anti-dementia activities of the Korean marine algae Silvetia
siliqguosa. The S. siliquosa solvent extracts were prepared with 70% ethanol, 80% methanol, and distilled water. The
extraction yield range of various solvent extracts was 15.82-49.98%. The ethanol and methanol extracts had higher
tyrosinase and collagenase inhibitory activities than those of the water extract. Meanwhile, all extracts exhibited high
elastase inhibitory activity. Conversely, the methanol and water extracts exhibited the highest acetylcholinesterase

inhibitory activity (IC

50°

0.40 mg/mL) and B-secretase inhibitory activity (IC

0.81 pg/mL), respectively. These

50°

results indicate that S. siliquosa may be useful in food and pharmaceutical materials as a cosmetic and functional.
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& Aol A ARERE FR7I(S. siliquosa)= H2he e ko]
A 20219 9of 37t A& st APH= Rkt &
E2E 2 PAIst] ded @ftEs AAT o A A2t
T AAE E471(FM700SS; Hanil Co. Ltd., Seoul, Korea)=
Bafsto] o) JEEA N FEE Ao AL e

9 Ao S-S SA517] Y5k quercetin, epigallocat-
echin gallate, kojic acid, collagenase, mushroom tyrosinase,
porcine pancreatic elastase, 3,4-dihydroxy-L-phenylalamine
(L-DOPA), acetylcholinesterase (AChE) %! B-secretase
(BACEL) assay kit 5= Sigma-Aldrich Co. (St. Louis, MO,
USA)ol|A] -sko] ARESFRIT. 1 5o Ws AloFS 2418
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no)E ARgsto] BH7| 558 24 Azt SRTE
B2 AR &2 AR 50 gofl SFTE Al o8] 2084
9] ok H7lele] =7 E k7] (autoclave; ac-11; Jeiotech,
Daejon, Korea) 121°Coll A 3A17F B¢t 7Y &3kt &
7] 8 E AFE3F =L 70% ethanol¥} 80% methanol& 5=
= 8= ARgste] AR 50 goll 2t =58 A& tiv] 20
o] o g 7Iste] 50°Col|A] 24417 FRt ARk FHj
%F7|(shaking incubator; KMC-8480SR-L; Vision Scientific
Co., Dagjon, Korea) 120 rpmoj| A 2&31ich 2 gojd = 3=
=T 771 #5555 YEY7](Centrifuge; SUPRA 30K;
Hanil, Inchun, Korea)ol 4] 44&2](1,800 g, 30&)3}o] A5
ol-2- o] 7}x](No. 1; Whatman, Maidstone, UK)& o]i}3} &
ololg Sj4sloict. Woltl Z47te] 2BES HNFUEST]
(Rotavapor; RE-111; Buchi, Gwangmyeong, Korea) = -3-7]-&
& A A}, 5471 Z(Freeze Dryer; LP08 (XXX); Ilshin-
biobase, Yangju, Korea)3t 5-o] -20°C W5-11o]| BslHA] Z+
T Ao ARSI B a2 AR & Aol got
SRR gofste] tshd W Aelgd 54 Al RE ARSSH
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Z}y A 29] tyrosinase A &9 Lee et al. (2022)2] W ofl
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whe} chg 3 220] 243191tk 300 L) 4|82 900 pL)
mushroom tyrosinase (50 Unit/mL)%} 1.5 mL2] 50 mM phos-
phate buffer (pH6.8)2 &2tsto] A-2ofA] 30 52 A T
H-S-S AR %, 300 uLo] 10 mM L-DOPA &-4-2 7}3}d
7 475 nmo| A 204 3 18 74 2 &2 AY/d == dopach-
rome®| S35 KU B HsHHA S75F3Ith Tyrosinase A]
&2 3 4], Tyrosinase inhibitory activity (%)=[(Con-
trol, —Sample, .)/Control,_ ] X 1005 -53}o] 4H=Es1]om,
OjZ(Control, = A& Al 2528 7lolol 24 5%
T ofulgith
Elastase XsiEd &3

ZF N =9 elastase A&/ Lee et al. (2022)2] W of ut
2} o33 2ol =A5)itt. Porcine pancreatic elastases RF
22 ol(50 mM Tris-HCI buffer, pH 8.2)°]] ¢ 1 U/mLE #|
Zolo] AA8N o7 ARSI 1, 7] A-8-902 N-succinyl-Ala-
Ala-Ala-p-nitroanilide (0.5 mM)E 5 U3 HH-3-8-lof] 509 4]
Alzskdeh A 57 ¥h3-8-24 650 uLofl A& 100 uL
9} elastase (1 U/mL) 125 pLE ¥l 2 S35 5| AL0] A 10
=70 A A vEE AAIREF, 0.5 mM 7] E 8 125 pLs
7ksto] 3 405 nmof Al 020l 4 9] FFE=S ST 5 25C
oA 1027} vh-3t 3-9] 3 =5 S745}3ih. Elastase 4|3l
AL th3-9] 4], Elastase inhibition activity (%)=[1-{S(OD
10 min-OD 0 min)/C(OD 10 min-OD 0 min)}]x 10025 AF
SIS, A& 7] 85 C, A7t S74 A7t
7o) 3.

Collagenase Asietd =3

M

ZF Al &9 collagenase AsEA2 Lee et al. (2022)2] W
o g} th&a} o] =431t} CollagenaseS 50 mM Tris-
HCI buffer (pH 7.5), 10 mM CaCl, and 0.4M NaCle|| 5o
0.2 UmLE A|xsto] aigHom ARGsHGlaL, 7148892
2 mM N-[3(2-furyl)acryloyl]-Leu-Gly-Pro-AlaS 5 4 gt 25
oo] 35014] A|23HCE 30 pLe] AlE-E 30 uLe] col-
lagenase (0.2 U/mL)2} 30 uL9] §1-5-8-4(100 mM Tris-HCl
buffer, pH 7.5, 10mM CaCl,)& &3ts}o] Aol 4] 105 52t
At &, 60 pLe] 2 mM 7|48 M H7Fsto] 25°Cof| 4] 20
58 27 7HA 2 & 340 nmof| A F3 =5 S5kl Col-
lagenase A3l &/d-2 th2 4], Collagenase inhibitory activity
(%)=(1-Sample,, /Control,, ) x 100& F3}o] AH&3I.om,
P27 (Control, 1= A2 4] S54-2 Flelo] 247 5%
=5 ofnfgith
AChE Xaff &4 =H

Z} A|22] AChE (acetylcholinesterase) #s1€/d-2 Ellman

ctal. (1961)2] & th: %45} o} o] Zalsitl.
96 well plate®]] 100 mM phosphate buffer (pH 8.0) 50 uL, A|
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= 89 25 uL, AChE (0.25 U/mL) 25 uLE %7}l 2 =3}
ok 5] Aol A 1082 7+ AA|gk 1, 10 mM DTNB 125 pL
2} 75 mM acetythiocholine iodide 25 pLE 3 7}slo] 34412
nmof Al 1027+ FF =5 45k S7H S35 WekE At
SFITE A4 B4 o] A = th- 4], Acetylcholinesterase
inhibitory activity (%)=[100-(ST/CT)] x 1002} Z-o] AF=3}51
CHST, A& EA] shol| A o] Bk CT, Al & #3572 =
79SS ).
BACET XMall&d &8

Z} A 522 BACEI (B-secretase) &42H4]-2- fluorescence res-
onance energy transfer (FRET)-based p-secretase (BACE1)
assay kit (Sigma-Aldrich)E ARg-5to 45kt ARbA|<l
A8l &2 black 96-microwell plated] fluorescent assay buf-
fer (78-X uL, 50 mM sodium acetate, pH 4.5), BACE1 sub-
strate (20 uL, 50 uM MOCAc-SEVNLDAEFRK(Dnp)RR),
A &8N (X uL) @ BACEI &2 pL, 0.3 U/uL)E &4t
2 7tsto] et - 37°Coll A 2417 §Hg-A1X] Th2- micro-
plate reader (Infinite F200; Tecan, Ménnedorf, Switzerland)
£ AR&-she] Ex 320/Em 405 nmof| A §374 =5 5745kt
BACE1&4 9] A8 =+ th2 2], BACEI inhibitory activ-
ity (%)=[100-(SF/CF)] x 1001} o] AF=3}Itk(SF, A& &
Aske] 3374 CF, Al & 34719 F374%).

SAXE

Ald A= SPSS 22.0 package program (SPSS Inc., Chi-
cago, IL, USA)2.& 5A %|2| stof 33] ST ¢re] Hat +
FERA ok, 7 A2 2he] S04 7S Baky
(ANOVA)Z 3t & P<0.054%°]|4] Duncan’s multiple range
testo]] whe} A 5k Al& 7F 7214 2tol & HESHT
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A= 49.98% 5 UERT wheba] ZF Gufjo] mbE R &
=9 &5 vl ustH I4>> EtOH>MeOH 5= -0 &2
o] H2 oz eIt o] gt A¥l= Na et al. (2014)
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E87| 229 tyrosinase ANaiEA

LH7] 2559 gt ujdof o] 9= Ao = LT ty-
rosinase A 3|22 v]al - B4 A3 Fig. 1A YERH S
t}. Tyrosinase:= ¥]5-9] 1] 7| Fof EA)|ol= HallzAlo]
Eo|| A tyrosine AFSHA| A Wapd o] A4S HXA7 )= a4
2] o] 59 B4 A= TR vzt 13} gA|of w8
}TH(Choi et al., 2011). E57] 3Z&59] tyrosinase #3124
= 54 A7, e FEEA 5 9EH S tyrosinase 4]
o] Zretgon, &% 0.5 mg/mLojA EtOH 3
257} MeOH F&50] ZH2} 74.64%2} 71.63%%E I %
E(21.01%)Xc} oF 3ufjolAf 2 AHlTAS Bt £
EtOH %! MeOH F&=9] IC, == 0.10 mg/mLE &U3 g
Hoy, A4 2552928 mgmLE & &5 = 2 2}0]
7FE A o2 SRIE QI s 27 559 tyrosinase 4| o1&
doll et A-tol TR GFo] mARRE Hap o H S ul Bt
E49] MeOH FZ&(2F-5% 0.33mg/mL)o 4] 212} 86%,
84%, 52% 9 49%9] Al o] gl Ao 7 B3 th(Seo
and You, 2003). w2tA] BX7])= d|2F oA =2 tyrosi-
nase A ALS WE5FaL gl A 07 FteE )

557| F&29 elastase MaliEy

gely 4 58 guehs bl ZlalasolthLe,
2014). 55719 EtOH, MeOH 4 ¥4 =52] elastase #]
e S47 Aak= Fig 1BoF 2on, 4t 2552 55
O|EA 0= elastase A E/o] S7ok= A Hch
F%5= 0.5 mg/mLoj| A £57] EtOH, MeOH ¥ g4
9] elastase A ZAL 22 69%, 84% L 76% = W=
of Aafere 2 Aol7} gl Aew et 7t 2
elastase A/ 32/ (IC, ) EtOH F5+°] 0.19 mg/mLO|
L, MeOH 9 ¥ $2&52 75 (.11 mg/mL=E 3l E
4= MeOH>EtOH &5 42 & eclastase A|d|&A]o]
Ao 2 SRIEQeh Aol &= AH 94 £ =
1 mg/mLoA| A 212} 44% 2 53%2] elastase As&/do] Q=
Ao g B3l ¥o]Qlof(Cho and Choi, 2010; Kwon and Youn,
2017), F57] 259 elastase AafiZ/do] T E & Kok
S0 8 A0 U} B2Y] 2228 2810 242
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E87| £EE9| collagenase Xsigy

ER7] 280 vl w3l @ 25 YA A S FIE)
915+ collagenase #| sl 2/d-& 5745t A3l= Fig. 1Co| LE}
W3ich. £27] EOH % MeOH $55& BE bwoA o
o F&E Hr} collagenase Aol 28) o4 E9kom,
HE% % 1 mgmLojA] E57] EtOH @ MeOH 3552 oF
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Fig. 1. Tyrosinase (A), elastase (B), and collagenase (C) inhibitory activities of Silvetia siliquosa extract with various solvents. Values are
mean+SD (n=3). The 50% inhibitory concentration (IC, ) values (mg/mL) were calculated from a log dose inhibition curve. Means with
different letters in the same item indicate a significant difference at P<0.05 by Duncan's multiple range test. Positive controls for tyrosinase,
elastase and collagenase were used kojic acid, quercetin and epigallocatechin gallate (EGCG), respectively.

80% = &2 collagenase A4S E%“B\EH-, ¢ 252
20%9] o AEAdE el z2F 2559 collagenase
A EA(IC, 1 EOH & 20| 0.28 mg/mL MeOH 3=
o] 0.15 mg/mL, 44 FEES 2.63 mgmLE Q?_]Eloi
MeOH>EtOH>>E 4 55 40 & collagenase #]3]&4]0]
=2 A0 = eyt o]t A b= 27 A EARES] collage-
nase A s &/doll T3t Ao A 2F5 % 1 mg/mLojA EtOH
FEE283%, - FEE229%E 5 FEEY Al
AT} S AFst 702 1ol glrh(Park, 2015). Tl L} S0}
ZE7FA RAREE] EtOH $=25-9] collagenase A3l €] IC, 4t
2 2471 0.28 ¥ 0.49 mg/mL=Z E5719] collagenase #| oH%“j
O] ZI7FA| AR Bt} ¥ 152 84S Bl Qle 2 o= 8
QlE|o] RO 27 Aol =2 A7} Q& A& AZEH T

E57| 539 AChE XMaigy

I =5to|H Fx}2] o= A F HAGEZ 2 acetylcholine §F
o] QZdelel vlsf 50% ofst= Ak Aol e Ae=
ol A Qlth. AChE®] 34 O] —7}8} acetylcholine2- 31| 3
A== AR )| S Bl AGA| 7T 3]
o] 7]918 &Abo) OHPEJE}_T_’ EV% 0‘W(Talesa 2001). &+

7] &80 th3t 9] acetylcholine %= 44 ¥ ATAS

gHlsl7] fsto] 5571 5= AChE 7‘1 sl 545t

71 AME Fig. 20 Yeb iet. 2t 5571 5552 AChE A 8f
S ookt Foll A £7d3 At BtOH Y MeOH &%
oA &5 ik 024 o & AChE As|g4 o] Z715151
o1, G4 FEEAE AR iEOi w2} AChE A8 2-
o sk} gli= A o= SRl it 557 5552 AChE
A4 (IC, ) EtOH & 52 0. 69 mg/mLOIJ_ MeOH
Z£52 040 mg/mLE & AFHBAL B8} Q= Ao

1= ek 27 205-2] AChE #Jsfghdof ¥t ¢ltof w}
29, 7 3272 MeOH #&% 1 mg/mL 5= 4 7]
£ 35.85%, Ao rel= 31.77%, BF192 31.14%2] AChE

100
[ EtOH IC50 = 0.69
1 MeQH IC5p=0.40
o Water IC5q = ND
E\: I VVater IC5q &
= T
=
2
3 L
- a
5
b= b
2
.E a
w
= b 7 o| |b
2 ﬂ b ﬂ | i
Tacrin 01 0.2 0.5 1

(01 ngfmt) Concentration (mg/mL)

Fig. 2. AChE inhibitory activities of Silvetia siliquosa extract with
various solvents. Values are mean+SD (n=3). The 50% inhibitory
concentration (IC,)) values (mg/mL) were calculated from a log
dose inhibition curve. Means with different letters in a column are
significantly different at P<0.05 by Duncan's multiple range test.
Positive controls for AChE was used tacrine which was represent-
ed in pg/mL.

AR BT, AW RN} BT 9 452
20-30%, v <] 1040—01]/\1% 10-20%2%] AChE A&|&42
ERfittal R 75k tH(Son et al., 2016). ufebA] E57] EtOH
2 MeOH 227 99| sl 257 2059 AChE A8 2/d& vl
Wl B B0 0] AHTBAL o S ol ot A
2 gk

=57| &=2| BACE! XNaliaty
ot=3slolme] Hol = 3Flol ofAF thaz

p-amyloid peptide (AB)7} A=} A| THE0] A WA Lol F4 %
o] HhAysl= A7 EJSA] H - sko 2 AR+ amyloid precursor

EXPSEY
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Fig. 3. BACEI inhibitory activities of Silvetia siliquosa extract with various solvents. (A) EtOH and MeOH extracts. (B) Water extract. Val-
ues are mean+SD (n=3). The 50% inhibitory concentration (IC,)) values (ug/mL) were calculated from a log dose inhibition curve. Means

with different letters in a column are significantly different at P<0.05 by Duncan's multiple range test. Positive control for BACE1 was used
STA-200 (H-Lys-Thr-Glu-Glu-Ile-Ser-Glu-Val-Asn-Sta-Val-Ala-Glu-Phe-OH).

protein©] B-2} y-secretase2hi= A 4x0f O] sl ArtE] o] HA ==
Ao 2 A Ith(Kim etal,, 2002). & Aol A= E57719)
AR A AAlsE gelsty] ffste] H577] 5529 BACEL
Aol e SAsto] dxstolmg o o NS TS
77| =20l et BACEL (B-secretase) 432
ek Ak Fig 30 2o, 7 559 vk oEAew
BACEI1 Agfiggo] F7Fsl= 43S 2 3ich 547 EtOH &
%20 BACEI A5ZH4(IC, )2 560.43 pg/mLo| i, MeOH
FEE2282.50 pg/mL, G+ FEE20.81 pg/mL=E Q15
o], 55719 BACE1 As&/-2 H4>>MeOH>EtOH %
B0 w2 A@A S Btk 53], @4 FE2E2 ASE
T 1 92 ug/mLofA 22 52.53% 2 77.38%= == BACEI
Aol Uepdl). ol o izl STA-2009] IC, %k
7.85 ug/mL H} BACEL #3124 oF 108] o)A} & Zloz
A e, Aette 2 & 59 27 F52(0.5-1.0
mg/mL)ol| A= OF 80% ©]/d9] =& BACE] Aaiggo] gl
%913 (Son et al., 2016; Lee et al., 2020), E3] FZro] 2+ >
Z=°1419] BACEL AsZ/(IC, )= 5-9 pg/mL} Zl o2 K
Jxfo] QItH(Park et al., 2022). Wt FH7| 4 FEE2
BACE1 AafghdE a5 Fofl 7MY & F7oll &tz
E7] A o 913t 7158 EE BAE vRS Ao
M A7t B as Ao g AbrEh

&

t

o] =Ro S LA TH(INRF-2021R 111A3043692)2] 2|
2 ol e At AR YU T

e 2

of nl

J
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