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The present study investigated the chemical composition, and antioxidant and physiological activities of the Korean
marine algae, Codium fragile. The solvent extracts from C. fragile were prepared using 70% ethanol, 80% methanol,
and distilled water. Based on the general chemical composition, carbohydrate, crude protein, crude lipid, crude ash,
and moisture were 74.22%, 16.73%, 0.66%, 4.39%, and 4.00%, respectively. Calcium, magnesium, sodium and
potassium were the main minerals. The extraction yield range of the solvent extracts was 3.51-9.76%. The ranges
of total polyphenol and flavonoid contents were approximately 10.97—-13.76 mg/g and 8.00-8.69 mg/g, respectively.
The ABTS [2,2"-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)] radical scavenging activity, reducing power and
FRAP (ferric reducing antioxidant power) activities were the highest in the ethanol extract, while methanol extract
exhibited the strongest nitrite oxide scavenging activity. On the other hand, tyrosinase, elastase, and xanthine oxidase
inhibitory activities of the ethanol and methanol extracts were higher than those of the water extract. Furthermore, the
ethanol extract exhibited the highest B-secretase inhibitory activity. The results indicate that C. fragile can be used as
an antioxidant and a functional ingredient in food and pharmaceutical products.
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o] Folin-Ciocalteu’s reagent, catechin, quercetin, 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt
(ABTS), vitamin C, mushroom tyrosinase, 3,4-dihydroxy-
L-phenylalamine (L-DOPA), kojic acid, allopurinol, porcine
pancreatic elastase 2 B-secretase (BACEI) assay kit 52
Sigma-Aldrich Co. (St. Louis, MO, USA)o]| A G-¢]5}o] AL&-
319t} Xanthine oxidase= Wako Chemical Co. (Kanagawa,
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3t &, o] E FredgEet2nplE 287 (inductively cou-
pled plasma optical emission spectroscopy, ICP-OES; iCAP-
7400DUO; Thermo Scientific Inc., Waltham, MA, USA)2 &
A3kt £714 H2E ol ] 4], Sample mineral contents
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2 H7ske] 1957847 ] (autoclave; ac-11; Jeiotech, Dae-
jon, Korea) 121°Cof| A} 3417+ ¢t 714 2&319ich 7] &
E AHESE 352 70% ethanoliF 80% methanol 2 5§12
ARESH] AR 50 goll ZF &4l S AR oiH] 20u]9] Fo2
A7kste] 50°Col| 4] 24A13F -2 AR o 74l %7 (shaking
incubator; KMC-8480SR-L; Vision Scientific Co., Dagjon,
Korea) 120 rpmoll4] 2815}, 7 ol e 223 47+ 2
53 YA EE] 7] (Centrifuge; SUPRA 30K; Hanil, Inchun,
Korea)o| Al YAIEE](1,800 g 305)te] AFSHS o7}
(No. 1; Whatman, Maidstone, UK)2 o]1}3} 3 o] -8 3]
stk ol A7e] 2288 459 5%7] (Rotavapor;
RE-111; Buchi, Gwangmyeong, Korea) 2 -3-7]-21] & A 75}
o], 52 A =(Freeze Dryer; LP08 (XXX); Ilshinbiobase, Yan-

giu, Korea)3t 5-0f| -20°C @510 HEst A 2h5 dadof AF
2519th HE 2220 AT} oS 2] Qo] Do} ZEI(Z
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KLAB, Seoul, Korea)E |85} 34 725 nmoj 4| 4 =&
Z748tqrt. olnf] EEAFHALS cateching EFEHZ AMS-
sto] A= 9] F E|ulE TS A& AL catechin equiva-
lents (mg CE/g extract)= LER T

% ZejR ol E 32 Moreno et al. (2000)2] B L oF
7t ¥gsto] ofefje} o] 243ttt ZF A= 8-24(0.5 mL)o]
1.5 mL, 95% ofe--& &7t th3 0.1 mL, 10% aluminum
nitrate®} 0.1 mL, 1 M potassium acetateS x}&| 2 7}5f0] &
Sk & A Qo) 4] 3E7FHRSAIF] TS 254 2.8 mLE 78}
o 3t & Ao A 3027t BESAIX] = 5 415 nmof| A

F=E Zerh Querceting EEEYR ALG3H] 5
FYNOR AYE BE FHORRE F Hehaieo|S Y

H
=}
FAF5F AL, quercetin equivalents (mg QE/g extract)Z

ABTS radical 2452 ABTS" radical decolorization as-
say (Re et al., 1999) WYH-& o]8-3}0] =314t 7.4 mMo]
ABTS2} 2.6 mM potassium persulfate s 5 S3ofo] A2
Aol Al 24417t F3F WA|Eto] radicale AR th A
3 2 "ol ABTS 842 734 nmofl A &4%=7} 1.000+0.030
(meantSD)7} ¥ =% phosphate-buffered saline (pH 7.4) 2.2
s]Asto] ARE-SFL:. T 50 Lo ABTS -84 950 pLE 3
7¥sto] QraxollAl 1027t RESAIXL 3 734 nmof| A S35 =
Aslo] AAFA, ABTS' radical scavenging ability (%)=[(Con-
trol,,—Sample__,)/Control, ] x 1000]| J5}o] 24 4HE513]
t}. IC,, value (half maximal inhibitory concentration value)i=
50%2] ABTS' radical 27242 YEM &= A| 22| 5= (mg/
mL)= 7 2J5}3{t}. IC | valuet= nonlinear regression analysis
software (Prism 9; GraphPad, San Diego, CA, USA)E o|-&
stol oo,

AE9] o} -AK] A7]ZHAS T mM NaNO, 89 1 mLo] 2
A o A& | mLE A7k ¢17]0f] 0.1 NHCI (pH 1.2) &
oS A1) WG olo] pHE 212t 122 24T he 4he
golo] 532 10 mLE SHck. o]efA] 37°CoA 1417} vk
A7 e WHg-8HE 717k | mLA Fsh3t o]7]of 2% 2AHE
o 5 mLE % 7}3 T} Griess A 2H(30% 2410 2 717} 273t
1% sufanilic acid®} 1% naphthylamine2- 1:12 &3}) 0.5 mL
£ 7oto] & EAIX] th A2 A 158 AIR] & 23
FEAE AREste] 520 nmofl A S8 =E S5k AEsh=
obaAlES Toloirt. thET GriessAlo} b4l Z54 0.5

£ 7fstel Aok B Wtk okt 272
S A RE 71 A9t H7beHA] o B9 &&= UE
it obdAA AAZA(%)=[1-(A-C)/B] < 100; A, 1 mM
nitrite -§-21of| A|&E H7}5F 54 %; B, 1 mM nitrite 8- 2] 5
s C AR T3 5E). IC,, value (mg/mL)E= 50%2] ob 24k

d 2AZE Uehl= A2 5= (mg/mL)= 4 2J5k3ich

2= (reducing power) Oyaizu et al. (1988)2] WIS &
B =43} Lee etal. (20202)] W 0 & 243519t} 7} A28
(1 mL)e]l 1 mL&] 0.2 M sodium phosphate 2+(pH 6.6)
I} 1 mLe] 1% (w/v) potassium ferricyanideS | 2 715}
ST F, 50°CY| 2o 4] 2042 53 WAl FAT. o] BE
S0 1 mLe] 10% (w/v) trichloroacetic acid (TCA)E 7}k
o ¥hg-& AAIAZ &, AAEE(1,890 g, 10:2)3}3ict 45
o 1.5 mLol| 1.5 mLe] 2542} 0.3 mL] 0.1% (w/v) ferric
chloride 8- Z3tato], 104 F3F Ao A HA|5 5, upd
700 nmofl A FEES S7gste] sheg o YEhiglen, &
Bt w25 gyl & A vtk EC,, value (half
maximal effective concentration value)= 3= Zro] 0.55
Uehiie AR ] S (mgmD) elstelrt

FRAP (ferric reducing antioxidant power)o]] 2]t 2+¢15
A5 Benzie and Strain (1996)2] WS AL&5ko] A5}
t}. 300 mM acetate buffer (pH 3.6), 40 mM HCIlo] €3}t 1
mM 2,4,6-tripyridyl-s-triazine X 20 mM FeCl, - 6H,0& 77
10:1:1 (v/viv)9] B]&2 Z&35l] FRAP A|2FS A3l T)
o]o1A olg] 7}x] =] A|R 9 0.15 mLe} 3.0 mLe] FRAP
AloFS EgFsto] 37°Cofl A 581 RESAIXT £ 593 nmof| A
P2 27481900} FeSO, THOS HEEAR ALgalo] 5
Azt o A R HFA S 25 E FRAP valve (mM)
£ Antsteitt. B ket B4 £4 9 3#E &322 ascorbic
acid= AR8-3H31Tt.

Tyrosinase Mai&d &H

2

- O

ot

Z} A 29 tyrosinase A 318412 Tida et al. (1995)2] HH L
chas 4 ste] e o] 245heirh 300 uLo] Al gole
900 pL 2] mushroom tyrosinase (50 Unit/mL)2} 1.5 mL2] 50
mM phosphate buffer (pH 6.8)2 &3}5}0] 4204 30& &
Qb THA W= AAIRE %, 300 uLe] 10 mM L-DOPA -4
& 7lelo], 7 475 nmel A 208 B9t 12 7702 A
+ dopachrome] =S B EYabEA 2okt Ty-
rosinase A3 &/3(%)2 th2 4, Tyrosinase inhibitory activ-
ity (%)=[(Control, —Sample,..)/Control,. ] X 100-Z 55} A
A¥sheieh. o17]4) H27(Control, )= A2 4l 5545 71
shol 245 SRS oJulsiar.

Elastase Mg &3

ZF N =9 elastase A2 Lee et al. (2021)2] Wy of wh
2} th&3} Zo] Z435}9It}. Porcine pancreatic elastaseS Bt
$-8-90(50 mM Tris-HCl buffer, pH 8.2)°] 40 1 U/mLZ A
Z3}0] EAGN 0 Z AR5} 1, 7] A-8N-2 N-succinyl-Ala-
Ala-Ala-p-nitroanilide (0.5 mM)< 5 Y Hh-5-§-oHof| 50 4]
A| £33 100 pLo] Al &-8-91-2 125 uL2] elastase (1 U/mL)
9} 650 pLO| HHg-8-H-S oo AoflA 107 &t A o
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Al BFS-S AAE F 125 uLe] 0.5 mM 7| ALHS 7}5}o]

405 nmoJ| A 020l A 9] SF =5 S5t 5 thA] 25°Cof|A] 10
B0 Hkes 30 ST E St RO AR o
Al buffer 8H-& AE-5F4T]. Elastase A3l 24+ AlAHA

2 Elastase inhibitory activity (%)=[1-{S(OD 10 min-OD 0
min)/C(OD 10 min-OD 0 min)}] % 100]| 2|5}o] AF&a19ch.

Xanthine Oxidase X3

7} A Z2-8-98 9] xanthine oxidase A 3| ZHd-2 Kwon and Youn
(Q017)9) W& tha 441l Theat o] 24sterh 50
pLe] AlZ2-8-28o] 300 uLe] 0.1 M potassium phosphate buf-
fer (pH 7.5)2} 50 L 2] xanthine oxidase (0.2 U/mL)E &3}5}
o] Aol 58 5t A ok, 100 pLe] 2 mM xanthine
LHG Hrlste] 37°Col A 1587 ¥HS-AIZ1 3, 500 pLo] 1
N HCIE ¥of B2 AAAIR B 292 nmofl A S3=S
=43} tt. Xanthine oxidase #31&4d(%)2 T2 41, Xan-
thine oxidase inhibitory activity (%)=[1-(Sample, ~Sample
Blank,,)/Control, ] X 1002 ‘5-5Fo] AlAeHiTt. o 7] 4] i
T(Control, )= A2 Al ZRAE Aele] ZHa BYES
ofma}sit.
StM =X

BACE 1 Ml &d &3

7} A| 2 2] BACEI (B-secretase) & A2Hd-2 fluorescence res-
onance energy transfer (FRET)-based p-secretase (BACE1)
assay kit (Sigma-Aldrich)& AR8-5ko S48kt ARl
342 black 96-microwell plateo] fluorescent assay buf-
fer (78-X pL, 50 mM sodium acetate, pH 4.5), BACE1 sub-
strate (20 pL, 50 tM MOCAc-SEVNLDAEFRK(Dnp)RR),
Almzgol(X uL) 2 BACEl &4 pL, 0.3 unit/ulL)E &4
&2 H7kske] A& 5 37°CollA] 2 ARt REZ-AIX Bh5- micro-
plate reader (Infinte F200; Tecan, Ménnedorf, Switzerland)
£ ARE-8to] Ex 320/Em 405 nmofl A 37 =5 S45k3ich
BACEI &4 9] Al H =+ th2 4], BACEI inhibitory activ-
ity (%)=[1-(SF/CF)] x 1003} 20| AH23RICKSE, A= 27
sfo] B CF, AR 27170 7).

SAXE

Al A= SPSS 22.0 package program (SPSS Inc., Chi-

cago, IL, USA)©.2 §A|7]2] sto] 33 24t ghe] BaH
FuAR Yepolch 7 AR 7o) froly ARe B
(ANOVA)Z 3t & P<0.05 5=l 4] Duncan’s multiple range

St =X
=0 1o

testo] wheh B41510] A5 7 6014 2ho] 2 AF ek
Zat Y mE
H2to| YuryE 9 2713 By

7ko] YR 24 Aak= Table 13} Zoh AlRe Ale

861

Aof| ARgsEtE 21 A, A2he] et 4.00%, 2
AL 16.73%, ZAHLE 0.66%, 23|52 4.39%, et3HE-o
74.22%= LR Jung et al. (2005)¢] 1t At o]ahH
B7E2 AF A 710l wheh URbgEo] FheFo] deba| |, 2ok
AL 5.0-6.5%, AL 2.2-2.7%, £35S 53.1-56.8%%
A4 Qlek. ghE, Lym (2010)9] AFA7= 3F F2He] ARt
B B4 A7) oshH - E-L 8.58%, 2T AL 16.55%, &
A5 3.10% 9 235 8.01%= Ei1slch o] 52 o Ax}
OF & Aol Al FRIFE 7ol Rt Apol= Alm 2] A
A71, HFPE e, AF S agAE] WAl T 5o ZFolof A

= Aaekar Az J7ho) 114 ks AR Ate
Table 201 LR ek H2He] BEF(Na), PH1vl&(Mg), 2
#(K), Z(Ca), "7HMn), H(Fe), 7-21(Cu) & oFA(Zn)2] o
2re 747 A% Axh, 2o 506.33 mg/100 g0 2 7P 4=
s vl on, Oty o & vyl 274.46 mg; UYE

86.20 mg; ZH& 25.18 mg; A 18.45 mg; o} 1.66 mg; &
7 1.15 mg; 2] 0.51 mg <=0 & eyttt s 2F= A2
4 AAER 84 Aol R B 7o) v hrE o] 9L
L Aoz us A Qlrk Kwak et al. (2010)2 s 2579] 7ol

e

ot rlo

Table 1. Proximate composition of Codium fragile
(%, dry weight basis)

Sample Codium fragile
Moisture 4.00£0.29'
Crude protein 16.73+0.14
Crude lipid 0.66+0.28
Crude ash 4.39+0.06
Carbohydrate' 74.22+0.35

!Carbohydrate contents are calculated as the differences between
total weight and the sum of crude protein, crude lipid, moisture,
and ash. Values are mean+SD (n=3).

Table 2. Mineral contents of Codium fragile

(mg/100 g)

Sample Codium fragile

Na 86.20+14.26'

Mg 274.4615.92

K 25.18+1.68

Ca 506.33+6.23

Mn 1.150.02

Fe 18.45+1.52

Cu 0.51£0.01

Zn 1.66x0.07

Values are mean+SD (n=3).
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E317] 9)8to] 70% EtOH, 80% MeOH % %=
2 A}i%}o:] Z}7Vo] A7k 228 7\1]4_0}0j
o] & 54 Z3= Table 3°ﬂ UrER SAet 75‘7“4

E—J #%% EtOHE AM-3F F+&5-2 3.64%, MeOH
231 Aoo|= 3.51%, 284S AL 1o 22
A 9.76%E et weba] ZF gafjo] mE A7t 5
0] 4282 HWElH ZH4> EtOH>MeOH &5 &£02 &
o] =2 707 SRIFGIT). 27| F&8ulo whE ==
ol theh =82 vlagh Ao oshd £O] 218t F
B 2559 82 45.62%0] 1 (Lee et al., 2020b), T390
ALY FHGF FETY &S 5521%E I A °‘°1(K1m
etal., 2016), & Aol A ERIgH 7t S/ 229 &
919] Z2t e} v wsto] A4s] W Ao = LEyiT OIE'i

3 At AR E2F U F2 W 59 Zjolo|A] o= A}

o = o
iy ol
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Table 3. Comparison of the extraction yields and total polypheno-
lic and flavonoid contents of Codium fragile extract with various
solvents

Yield Total polyphenolic Total flavonoid

Sample (%) content (mg CE/g)" content (mg QE/g)?

EtOH extract 3.64 13.76+0.2723%4 8.69+0.692
MeOH extract 3.51 12.65+0.882 8.00+0.552
Water extract 9.76 10.97+0.68° 8.1840.65°

ICE, catechin equivalent mg/g. *QE, quercetin equivalent mg/g.
*Value are mean+SD (n=3). ‘Means with different letters in a col-
umn are significantly different at P<0.05 by Duncan's multiple
range test.

T &Y= § SofE ol e ke 7%
A3H= Table 34 Lt} EtOHE Sl = AN &= & &
2| g2 13.76 mg/g, MeOH 552 12.65 mg/g, %{‘ﬁ—'—
T %%%2 10.97 mg/g= 21|k, 3Hd, A2t 552

Sofi ol e fhkE S4R 43 EtOH 552 8.69 mg/g,
MeOH =& 8.00 mg/g, 577 F==< 8.18 mg/ge =
Rl 4 FEE0 & Evjvs 9§ Eohi o=
< FE8fol wE FolAl Aol AL gle ALr UE
whe}. Kwak et al. (2005)9] SFAF a2 520] & Ze]v)is
9 St o] Eof Tt At arof| ofshH 72 747 3.81 9
0.67 mg/go| 1, CHAI= 1.17 2 1.95 mg/g, 52 1.44 2 2.68
mg/g, Tf= 8.97 W 4.65 mg/g, 1|92 2.43 W 11.33 mg/g
o] Pt et o] =S S5l Qe Ao By
o} Qit}. 3, Lee et al. (2020b)9] FZ-gufof w2 £2] &
ol et At A £ FE8uljol| wet T EeHE %‘%“
© 6.91-24.06 mg/go] 1L, & ZahR o= FHES 7.99-8.43
mg/g o] kil EJ—OP ALk wEbA SR & &7
Hs 9 Eeh o]t e AR F5, A3 AI7I, A
2 9l S 5ol 9 0}01 ZF 429 o Aol A s= A

B2t 2529/ M8 B

Table 401] LHER 3 T‘% 82t 559 ABTS 2oz &
(IC, )& =43 A3}, Et H #&5-2 2.42 mg/mL, MeOH 3
S5 343 mgml, S/FF FE5E2 347 mg/mLE UEht

7] ABTS 2to|zd 2A8/J-S EtOH>MeOH>Z-75~ <
o7 o Ao FolE g} oFA thRLe ascorbic acid2)
ABTS gtt]Zh £ AZ4(IC, )2 0.06 mg/mLE %7} 2550

H|5ko] oF 40608 -2 B (2 1C, 7S WER i le thef
el 27 oA HsEet dH #5529 ABTS 2tz &
AZAIC, )& 22 0.07 mg/mL, 0.08 mg/mLE /g 2
2l ascorbic acid®} AR AL, 52 0.90 mg/mL, ZHaf 7] 2}

Table 4. Antioxidant activities of Codium fragile extract with various solvents

Sample ABTS (IC,,, mg/mL)’ NSA(IC,,, mg/mL) Reducing power (EC., mg/mL)* FRAP value (mM)
EtOH extract 2.42+0.18034 3.63+0.162 1.57+0.07¢ 0.15+0.002
MeOH extract 3.43£0.262 3.48+0.10° 3.00£0.082 0.15£0.002
Water extract 3.47£0.182 ND 1.90+0.04° 0.14+0.00°
Ascorbic acid 0.06+0.00 0.69+0.01 0.01+0.00 11.67+0.68

'The 50% inhibitory concentration (IC, ) values (mg/mL) were calculated from a log dose inhibition curve. °EC_ value for reducing power
is expressed as the effective concentration at which the absorbance is 0.5. *Values are mean+SD (n=3). “Means with different letters in a
column are significantly different at P<0.05 by Duncan's multiple range test. ABTS, 2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt; NSA, Nitrite scavenging activity; FRAP, Ferric reducing antioxidant power; ND, Not detected.



32 1.46 mg/mL, Y50| AR 2.67 mg/mL, 714 Wt 1
=22 5.36 mg/mL, 1|92 18.37 mg/mL, B9~ 40.46
mg/mLE §|272] F7o] ute} ABTS 2hejzh A7 842 W
& 2ol 7} ANk, A7 S 257 Fol A ABTS 2tz 272
o] & Fiol &b Aoz glEglrkSon et al,, 2016;
Lee et al., 2020D).

X7} 3259 nitrite 2 A Z4(IC, )& 247 27}, EtOH

m

52 3.63 mg/mL, MeOH F+Z5-2 3.48 mg/mLo|gl 2
ST FEEolAe B4 UEhiAl e e SRlE

th. A7Fo] EtOH ¥ MeOH F=5E-2 oFAJ %22l ascorbic
acid®] BH(IC, , 0.69 mg/mL)e]l Hl5ke] oF 1/59] nitrite 4:7]
S Uehl= A o 2 FRIE St Do (1992)= 2 H 29
& 9 HghE 259 obaAlYd £AAZEL HEE 25
A A UEbg=T L o] f= mlehEol Sall= o7l Wk 5)
= Fhefol w9k7] el Ao = Kkl

S, 7k 22 gl Tk Y7k 2 22| BRI (EC, )2 B4

3t A3}, EtOH #&52 1.57 mg/mL, MeOH %52 3.00
mg/mL, F75 FEEL 1.90 mgmL2 1o 7 2%

29| 31918 L FIOH>Z74>MeOH 408 =2 710 3}
21 =] %1t} ascorbic acid] 2H1 -2 0.01 mg/mL=E 3 ZF EtOH
Z250f n|3to] OFI50H] & Ao R Uepth Y7 258

o] FRAP value £4o] A= EtOH % MeOH #&E2 0.15
mM=E Fde gk HYlou, SR FEE2 0.14 mME of

2 AR BRI A2 F552] FRAP valuee
At 23441 ascorbic acid®] 11.67 mMej H]3}o] b
o2 sRIE| et olAfe] A zho] ghitst B4 Ants sl
™ ABTS gtt|zh &7 242 EtOH 55, nitrite 2724
MeOH &5, 3H 212 EtOH =5 FRAP value= +=8
ufjof wh2 a3} g o] Aol AA] R A0 & FQIE Q).
2t ZEZ9| tyrosinase % elastase X &

Zh 559 g7 v 9 Leglof] o] Sl Ao o
71 tyrosinase % elastase Aafj&/ol| tfgt v - £ Az}
Table 59} Zt}. Tyrosinaser T 52| 1] 7] # o) A3}
Aok Ao| Eof A] tyrosineS AFSHA| A Hepd o] S 5
IA7]= B4R 0|59 &4 A= 1] w3} 93

4

ol
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of W& st Ao el A QtHChoi et al., 2011). TbA]
"5 o) Wepd M 22k Alo] 9 Ao AR B =
7} s+ tyrosinase A SHAIE ©ASL7| fIsto] 2t =8l
77 29 tyrosinase A8 S ST A4 FE=
9] tyrosinase A/SZJ(IC, )= 5783 A}, EtOH F552
0.76 mg/mLo] ™, MeOH F&&-2 1.06 mg/mL = 1= %6
U S5 FEE2 AdEdE Uetl A ottt six® ==
9] tyrosinase A2l 2/d o] T3t Aol wEH =272 A1
Zdutel], Y7k 9 Qlapef o] MeOH F%&+(1 mg/mL)oj| A 7}
7} 0%, 24% 2 36%2] tyrosinase A sl&/do] l= oz Bl
= 21th(Seo and Yoo, 2003). wHebA HZE-E H2F FolA w2
tyrosinase A s &/d& 7HA| 1L Qli= A 0= et )
Elastasei= 7| 5-0] Xu] f 9|8 &S Aot 712 o
ZQl elastin®] £afjol] ¥o{5}ko] elasting ool W&+ v}
H 34 FY SR ol A oA = BAo] wotA 24| 7t
o] A A1 Ylo] Hw, mH o] 25 d gl 424 5
frafohs T 7k s 4ol th(Lee, 2014). 2 AR A=
7} 2259 elastase Aol 2/d-S SAsto] 959 25 A
71573 3P YREA AN 7Hs S HESHIHE L 4
, %7} EtOH $&%9] IC, = 0.41 mg/mLo|, MeOH 3
ZE22 112 mgmL, 574 3252 126 mgmLE gely
o] BtOH>MeOH>Z7#4> 40 & elastase Aa|&4Jo] =& A
© 2 vehgth thefRt s 27 Aele ol et A-tol| Al vl
Aol 7rel Wl B 22522 | mg/mL 5ol A ZH2} 19%, 44%
9l 54-74%29] elastase A &A]o] Q= Aoz HIE|o] 9]
TH(Cho and Choi, 2010; Cho et al., 2011; Kwon and Youn,
2017). whehA|, 7t FE2L2 sl 25 Foll A elastase A4
o] 3 &5k A0 R e 3H, A7 255

s

Bowd o 4

4
ol

Xanthine oxidase (XO)= 22| U 3¢ djAfol] Tofsl= &
224 hypoxanthine % xanthineS AFS}10] Z|£2] 0 & uric
acid®} AtAE A5k Abds fe]7] 9k 24 IHitEE7| 7} o] Ab

Table 5. Physiological activities of Codium fragile extract with various solvents

Sample Tyrosinase (IC,,, mg/mL)' Elastase (IC,_,, mg/mL) Xanthine oxidase (IC_,, mg/mL)
EtOH extract 0.76+0.01°2° 0.41£0.03° 0.22+0.012

MeOH extract 1.060.06° 1.12+0.16° 0.16+0.00°

Water extract ND 1.26+0.02° ND

Positive control*® 2.12+0.08 1.25+0.07 0.19+0.01

'The 50% inhibitory concentration (IC_) values (mg/mL) were calculated from a log dose inhibition curve. *Values are mean+SD (n=3).

*Means with different letters in a column are significantly different at P<0.05 by Duncan's multiple range test. “Positive controls for tyrosi-

nase, elastase, and xanthine oxidase were used kojic acid, quercetin, and allopurinol, respectively. *The IC, values for all positive control

were represented in pg/mL. ND, not detected.
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Fig 1. BACE] inhibitory activities of Codium fragile extract with various solvents. STA-200 (H-Lys-Thr-Glu-Glu-Ile-Ser-Glu-Val-Asn-Sta-
Val-Ala-Glu-Phe-OH; final concentration at 200 pM) was used as a positive control. The results were determined at the final concentration
of the above, respectively. Values are mean+SD (n=3). Means with different letters in a column are significantly different at P<0.05 by

Duncan's multiple range test.

22 HE TASH Eth(Ko, 2005). o] &42] A A= 5,
ARAA, A8, AT eS Yo7l oAk Fol gk A & A
2 ARE-E o] £ko ™, allopurinol 2 alloxanthine 52 5% A
"2A| & LA 9lth(Ko, 2005). A ZF -2 X0 A A1 E 24
517] Sleto] 2 32 3529 XO AskEAE Zste] 12
312 Table Sofl epjlch. 7+ 7+ 22 20] XO ASBAS
CheFRt FEollA 47t At EtOH =559 Asi&4(C, )
2 0.22 mg/mLo|1l, MeOH FE&&2 0.16 mg/mL= 215
itk thokst sjz5 MeOH 225(0.5 mg/mL)2] XO A3l
Zp-g-of ek Aol o8k el 76.1%, &3] 63.9%, HZt
32.9%, ThAJa} 27.9%, BAME 10.7%2] A sk
THKim et al., 1996). wheba] 2 Atof| A =843k 7t =59
XO Al d o thefel a2 7o) Aslie/dS BlaLsh =, 2t
FtOH 2 MeOH 25| XO Ao 24 & S8 Foll 4 -2
B0 Lol Ao elEr
Hzt Z&Z29| BACET! XNali &4

A7y FZEof g3t BACEI (B-secretase) A3l &S =4
o A3b= Fig. 13 2t} d=slojm ] el F 1ol o4t
chal 2l 22142 B-amyloid peptide (AB)7} T34 HHEof
A A 2Eo] A =] o] WA= A ERA] HAROC R AR
amyloid precursor protein®| -2} y-secretasezt= & 4x0f 23]
Atw]o] A EE F o2 d# A QIth(Kim et al., 2002) & &
TolM= ZZt FE=2 AR A AAlES FelsH ] flste] &

7} 3529 BACEL A8l 245 S74sto] d=sto[mr 2] 9
W avks gAskelh I A3, A7 EtOH 5+5-=2] BACE]
A EA(IC, ) 5.53 pg/mLo]al, MeOH #&5-2 6.19 pg/
mL, 275 3552 8.70 ug/mLE HelE| o], 37+o] BACEL
A3 ed-& EtOH>MeOH>5- 7= 55 02 =& Aol
3+ HEPWSITh Fig. 1o Uehd A3} o] 37t 25559
BACE1 As&8/d& 72t 559 5= &2 BdF= UE
d gk of e} 7} A7t 55 50 pg/mLolA A skl
STA-200 (200 uM)} G-AFst BACEL A8&4 2.¢ic). whet
A, B2 dzstolmH o o2 SRt )75 =
FEo] UZ 7FeAdol =& Ao g AztEdh A, A A
8% 59 s FE=(0.5-1.0 mg/mL)ofl A oF 80% o4
o] =2 BACE] A3l &4o] 2H2l=]|2l 3 (Son et al., 2016; Lee
et al., 2020b), AP A=l e} 2] 2] (0.5 mg/mL) D HAAFA}E
(20 pg/mL)®] FEEol| A &= °F 80%9] == BACE1 A3 &g
S Yxslal Qe AL R BH1Eo] Qltk(Lee et al., 2021; Kim
et al., 2022). whepA] Z|ufj o 9 A 24 LS f1gt B2 &
2 BACE19] Asf&d S-S v=3th A2 ofeha] d47t d e
Ao AL E
2 Aol A sl B2t olstetA EAS
&t FEE=S Alxsto] ks 24 9 AR
ok 35 8ol Wt 7t 2 T EYHE T
6 mg CE/g, & Ze}R o] & FHEL 8.00-8.6
AUtk B7to] ahaksl 2 54 A3 ABTS 2t

i
o
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2 B{OH 332 nitrite 27242 MeOH 25%; 392

[e]

EtOH F&&0| A 714 =2 3}AlsF &4]o] A& L9t 3hd,
7} 2259 YT 273 23}, EIOH #3204 tyrosi-
nase Y elastase Asfj&Ao] 71 =3ko b]- xanthine oxidase
A3} 2H4-2 MeOH 250014 7Fg =& Z o2 S E Qi)
olire] Al Aol x| H7he & fro] W2 A B
W3 skar Q1S Bak olu 2} tyrosinase, elastase, xanthine oxi-
dase ¥ BACEI1 Aa|&AS 233t okt A e| 754 E4o]
= H?‘ﬂ— 7]J:Ho] =0 }\gg T&T&E}q— EE]—E}/\-] ;2471. i%o
oJst gl AFaA wopoll Al B s ol w2 AR AR
o] 27149l 917} Washra AzbEr),

Al A}

o] EH-e RAY S AHeoshE A (20219)] o)
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