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In Vitro Screening of the Physiological Activities of Ishige foliacea Extracts
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Ishige foliacea belongs to class Phacophyceae and family Ishigeaceae. This study investigated the physiological ac-
tivities of the Korean marine algae I. foliacea. Its solvent extracts were prepared with 70% ethanol, 80% methanol,
and distilled water. The ethanol and methanol extracts had higher a-glucosidase (half-maximal inhibitory concentra-
tion, IC,: 0.67-0.73 mg/mL), xanthine oxidase (IC,: 0.25-0.28 mg/mL), and angiotensin-converting enzyme (IC,:
25.29-38.28 pg/mL) inhibitory activities than those of the water extract. The ethanol and methanol extracts possessed
high acetylcholinesterase inhibitory activity (IC,: 0.78-0.97 mg/mL). Conversely, the water extract exhibited the
highest B-secretase inhibitory activity (IC_: 0.48 mg/mL). These results indicate that I. foliacea may be useful as a
functional substance in food and pharmaceuticals with anti-diabetic, anti-gout, anti-hypertension, and anti-dementia

properties.
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Ao 2 =k Qe Byun and Kim, 2005; Lee, 2011). 3
FAE-S A A A A F OF 0% ASIstE e
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u%(Kim 2004; Cho et al., 2020), AokslH 0 & F|z70] Ak
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2013, 2016, 2017; Kim et al., 2015b, 2023). Y 3fjof| A H2|3t
glycerolipids+= A8 o] A& o] Q131(Cho et al., 2012),
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rea)7} Aol Al 20219 5o |FTE Ze st A

oulkeh 5 FAEL A A5 the 47 (FM700SS; Hanil
Co. Ltd., Seoul, Korea)= Ea|5to] A| 29| &5 Az AF
galglr). Wo) 2220 kst A3 24a7] Slsto]
acarbose, allopurinol, catopril, tacrine, a-glucosidase (yeast),
xanthine oxidase, acetylcholinesterase (AChE) 4! B-secretase
(BACE]) assay kit 5= Sigma-Aldrich Co. (St. Louis, MO,
USA)IA] J5t0] AHSHsch B8 B4S 2451 9
3t ACE (angiotensin converting enzyme) inhibition potential
evaluation kits= Dojindo Laboratories Co. (Kumamoto, Ja-
pan)ell A Fsto] ALgBLeiTt. 1 Hte] E Kok BAG 5
T AIoFS Te3te] AT

S FE=9 M=

Yo 3252 Kim et al. (2023)2] W ol whz} 3712] g-l(
Z54, 70% ethanol, 80% methanol)E AR5l W] &5
L 27 A 23513t £l += Sung and Yang (1985)& #a15}¢]
FEE AUtk SRTE S 2 AR &2 W9 100 g
o SFTE A& thH] 20819 & H7tsto] A7 IBA7
(autoclave; ac-11; Jeiotech, Daejon, Korea) 121°Col| A 3A|7F
S 7FE 53§ 50°Col A 24A17F FRE AnkE S o R ok
7] (shaking incubator; KMC-8480SR-L; Vision Scientific Co.,
Dacejon, Korea) 120 rppmoi| 4| =&3}31t}.

S7] S E ARESE 222 70% ethanol¥} 80% methanol-S-
= 82 ARESto] Al& 100 gofl 2t =815 A& ]
20u1€] o8 7ol 50°CollA 24A1%F 7t ARbFE iR
HlF7] 120 rpmof| A F=E3k3ich. 7 g e &3t Wl &
=5 Y4158 7](Centrifuge; SUPRA 30K; Hanil, Inchun,
Korea)ol| A 14122](1,800 g, 30:2)ste] Ase ofaHA]
(No. 1; Whatman, Maidstone, UK)Z &]1}3+ 3 7H9-5<%(Ro-
tavapor; RE-111; Buchi, Gwangmyeong, Korea)$t 7 5274
Z[LPO8 (XXX), Freeze Dryer; Ilshinbiobase, Yangju, Korea]
sto] 215 Aol ARgeReleh AT Al -20°Cof| B
ot ARSI HE FEES SRTEFT FER) 5
2 DMSO (EtOH % MeOH F&8)2 g3ato] Agof AMg-
alsict.
a—Glucosidase XMalilgd =

Z}y Al 29 a-glucosidase #]3l24J> Watanabe et al. (1997)
9] chromogenic assay¥oll w2} p-nitrophenol glucosideE

>
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o] 8-5to] =433t} Yeast o-glucosidaseZ HH-2-H(100
mM phosphate buffer, pH 7.0, 0.2% bovine serum albumin
2 0.02% NaN3)°ﬂ o] 0.7 UmLE A3l aigalomr
ARSI AL, 7148802 p-nitrophenyl-o-glucopyranoside (5
mM)2 FURL HES-EH o] oA Azt W A
ol 100 pLe} AJZ-80 20 uLE wellof] @il 23519 405
nmol| A S3F%E(time zero)E S 5FGT}. A-2oA 581t in-
cubation?t th, 71889 100 uLE H7}sto] AeolA 5&
7t incubation?t & SF=E St S 3% HIE
AAketSdet. ojuf A 9] tixt e 2= a-glucosidase A3l A]
= 427l acarboseS ARE-SHITE. A/ O] AS A o= T
< 21, a-Glucosidase inhibitory activity (%)=[1-(Sample, ./

Control, )] X 1000] w2} AF&3F% 21, controk A& F-3
7o) S Wit ghe eholet,
Xanthine oxidase Mafigd &8

7 A|&9] xanthine oxidase #]3]&A-2 Kwon and Youn
(Q017)9) W& ki Sstol Theat 2ol Zsldck. A
289 50 uLef 0.1 M potassium phosphate buffer (pH 7.5)
300 pL2} xanthine oxidase (0.2 U/mL) 50 uLE &3&slo] 4
204 5E7F A 23 t]E, 2 mM xanthine €9 100 pL=S
7Fske] 37°CollAl 1587 HEG-AIX1 %, 1 N HCI 500 pLE g
o] HE3-S A A7l th2 292 nmol|A EF =S S5
Xanthine oxidase #/3}&43 (%) tF2 4], Xanthine oxidase
inhibitory activity (%)=[1-(Sample,,,-Sample Blank,, )/Con-
trol,,] X 100 55t A4t 7] 4 tz(Control,,,)
= AR A SRE 7Hste] $343 FE =S Qulskyit

Angiotensin—| Matg4 (ACE) MM =X

Angiotensin-converting enzyme (ACE) A3l at&E SA s}
7] 33l ACE inhibition potential evaluation kit2] o] upz}
=243} tt. Enzyme working solution= enzyme Bol| 5F<
2 mLE F¢5}0] =41 3 enzyme A°] enzyme BE 1.5 mLE
A3} A z=3}5 et Indicator working solution< enzyme C
9} coenzyme bottleo]] 27 74> 3 mLE F¢5}0] ol &
indicator solution®f] Z}2} 2.8 mL# o] &3lsto] uk=3itt.
96 well plateo] protocol-Z W} blank 1 ¥ 20]&= $H745 20
HLOF AR E ZF F e =2 20 pLA A 2jskeith K= wellof 20
uL 9] substrate bufferE & 2|3t 0] blank 25 A 2|3t wello]|
+ enzyme working solutionS 20 pLA] #2553 blank29]|
= F84 20 uLE A 25kt 37°C shaking incubatoro| A]
6087 v A|7] TS E wello] 200 ul2] indicator work-
ing solution A 2]3}o] AF-2of A 10487+ ¥H3-A1A 450 nmo]|
A &3 eE 2451tk ACE A 842t} 2], ACE inhib-
itory activity (%) = [(Abl Ml-Asamle-ASample i nk)/(Abal A
% 1002+ Zro] Ak=s}3lct.

blzmkz)]
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AChE Maliztd &8

Z} A|&9] AChE (acetylcholinesterase) A 3[&4d-2 Ellman
etal. (1961)2] W2 tha =350 ofefjof Zho] SA4J5h3lt).
96 well plate©]] 100 mM phosphate buffer (pH 8.0) 50 pL, A]
2 899 25 uL, AChE (0.25 U/mL) 25 pL= H7}sto] & &3
3t 5 Al2of A 1087F A 2|3t o}, 10 mM DTNB 125 pL2}
75 mM acetylthiocholine iodide 25 uLE #7}sto] Th4 412
nmof| 4] 1027+ S35 SHsto] S71H 585 vIskE Akt
31t AChE a4gA4 9] A A E= th3 4], Acetylcholin-
esterase inhibitory activity (%)=[100- (ST/CT)] X 1003} Zo]
AHESFITHST, /\li EA soll A& W5 CT, Alw 73
o) 27|uhS ),

BACE1 X5 H%“S =3

Z} A| 22 BACEI (B-secretase) & A4~2H4J-2 fluorescence res-
onance energy transfer (FRET)-based p-secretase (BACE1)
assay kit (Sigma-AldrichyS ARE-5lo] S5t UubA{ 9l
A 142 black 96-microwell plateo] fluorescent assay buf-
fer (78-X pL, 50 mM sodium acetate, pH 4.5), BACE1 sub-
strate (20 pL, 50 pM MOCAc-SEVNLDAEFRK(Dnp)RR),
A B8N X uL) 9 BACEl 42 pL, 0.3 UuL)E A
= 7pste] A& & 37°ColA 2417 WEG-AIZ] TS micro-
plate reader (Infinite F200; Tecan, Mannedorf, Switzerland)
£ ARE-5Ho] Ex 320/Em 405 nmof| A @37 =5 S45k3ich
BACEI &4 9] Al H =+ t2 4], BACE] inhibitory activ-
ity (%)=[1-(SF/CF)] ¥ 1003} 2] 4H&3HAEK(SE, A2 27
sho] WHAE; CF, AR 871 70] §9474E).

SR

A% Avk= SPSS 22.0 package program (SPSS Inc., Chi-
cago, IL, USA)C.2 EA X 2] 3}to] 33] oA =43t gk 4 =
_zﬁii}ib}E}Lﬁmu} ZF A&7 71] 994 AALe HAL
EA(ANOVA)S 3t & P<0.05 40| Duncan’s multlple
range test]] okt 245k A= 7F§-0) % ZfolE HFshlrt

9| a—glucosidase Xai&H

e 1y Maw AsEe dges olghiel 520

Ed’“—]‘ 7]'0 D]":]'SE H)5t=
= a0 Be Alishs A
ke A et A0l W = sltel Ao E A A Q)
CHKim et al.,, 2014). 3] Fierof o3t HaAlE =<l
5171 9J5te] EtOH, MeOH Y d-2 &3t Y 2522

100
Positive control IC5,=0.21 mg/mL
[JEtOH 1C4=0.73 mg/mL
[EIMeOH IC4,=0.67 mg/mL

80 L Il Water IC4,=ND

a-Glucosidase inhibition (%)

a
b
a b
2o ﬁ% n

Acarbose 0.1 02 05 1
(05 mgimb) Concentration (mg/mL)

Fig. 1. a-Glucosidase inhibitory activities of various solvent ex-
tract from Ishige foliacea. The results were determined at the fi-
nal 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. Acarbose was
used as a positive control.

oa-glucosidase ATAS = 5‘8}0:] v -EX5 ATE Fig.
1o ety it 9l EtOH 5552 a-g ucos1dase A8
H(IC, 12 0.73 mg/mLo| i1, MeOH 5522 0.67 mg/mLo]
Ao, G FEEoAE Aol {718 5=l B
sfo] of W2 Zl o= QlE o] MeOH>EIOH> A= F+&=
%0 =2 g-glucosidase A&/ 0] =2 7102 Ve Fig.
Lo] bl 23} o] 2} a-glucosidase A|s&d- F&&2
e o|Zo] A3 Bglon, 3|, BOHT} MeOH %3
9] HZ%= % 1.0 mg/mLol|A] a-glucosidase #|3|&H4]-S oF
65-75%= 9FA tZ-2l acarbose (0.5 mg/mL)2} -+AFSH A
o & gelE9t} Kim et al. (20152)2 & Z2|uis §hefo|
=2 gj=ol 7t Zul, )3}, R|Fo] So= Vanillic acid,
p-hydroxybenzaldehyde®} 22 phenohc acidZ] ¥ SetR
o= ko] tek hEloiglo] Akl 8 B vk op e}
o-glucosidase #3&AJo] =x|ut ufjAo] = 2}uk ujo Az}
% 53} o] F Bejolis fefo] e s RHke 2 9
o-glucosidase AN E F2 Ao g Buskict Yuj
=59 F EdvlE 2 o 1422 mg/g O & 2+ %"]W
Z Z9E gHego| We BRof s (Kim et al., 2023),
o-glucosidase A&/ = s 27 5 R Foll sidsh= 2o
2 3F0lx]o] Kim et al. (20152)2] K119} A x|5}¢ick 1t
Ko (2012)9] ol mh= G| of|ghs FEEollA] el o
22 Eslo| EEA|7IukE(di-phlorethohydroxycarmalol)©]
oa-glucosidase /g A A o A ol 221t 0.2 ARE-5l acarbose
el o e Bt ol A4S ke Ao
ek, 2 QoA L ekt BAS0] Bl 2EER
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Fig. 2. Xanthine oxidase inhibitory activities of various solvent
extract from Ishige foliacea. 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. Allopurinol
was used as a positive control.
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S £EE29| xanthine oxidase Mai&y

Xanthine oxidase (XO)+= A4 A W 73 tijAtol] Hofst= T
2 A xanthine '+ hypoxanthine& AF3}slo] 2|£4 02 QA
WA E S b fel7|ef ARl o] Al
B st Elok 24k FH Fofl A V‘P S71oHA =W W
Bl o &2 Qlste] FA ol HA o] FFS Fish, Al 7“01]
Z22kE] o] A1AASRS o © 71thar & A ¢ltHKo, 2005). bl
FEE9 X0 A 543t A= Fig. 29 Atk QJH
EtOH 52 20| A3}24(IC, )& 0.25 mg/mLo] 32, MeOH 5
S5 0.28 mg/mLo|gl e L} A4 FE2E2 AiE/gdo] nn|
3t Ao 2 3olE]o] EtOH>MeOH> ¥4 55 22 XO
Aafgtgo) & Ao w BelE Ak

Fig. 20f vrebdll A} o] 7t Yul 2559] 5of| vl
XO Aol F7hke sk o4 A Bt 53,

[e)
é‘é‘

EtOH ¥ MeOH $=&%2] XO A2 245 23t 255
% 0.5 mg/mLof| 4] XO /o] £H413] AsfjE]i= A o & 91|
olch Kim et al. (1996)2] 8| %5 XO A& 01] J«Lﬂ ¢t
OEd 27 5 XO Asfdgo] 7M=& A AH 5=
2 HE% T 0.5 mgmL 524 XO &40 76. 1% Ak
AL BN O thg o 2 F1], A7 W n]eo] o ot
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Fig. 3. ACE inhibitory activities of various solvent extract from
Ishige foliacea. The results were determined at the final concen-
tration of the above, respectively. Values are meantSD (n=3).
Means with different letters in a column are significantly different
at P<0.05 by Duncan's multiple range test. Captopril was used as a
positive control. ACE, Angiotensin converting enzyme.

S0 &=2| ACE XNshety

ACE:= renino] 2J5to] A E S84
C-th dipeptide (His-Leu)E 2 ttsfo] 2
27 §]-A] 71t} Angiotensin II= @3S ¢
a1, FAlo| 4] aldosterone®] #H|E FXIAA AU 42 H-F
FE Wl sto] AnAoR W ASATIE A4S e,
ACE9] #-go] A& 243} & 7 doo] %Ko r o
A daeo] ofglE|o] EjX|A HAY, HEF 59 oz A
S 68X 4= Qi) o] 23 ACES] B4 A gl 0lAt 2= A B A}
peptide®} 1 54|, HA}o]| ZA5k= catechin¥} W]'H 9] rutin
3} Z+8 polyphenol AAEE0] 2 o2 44 Ith(Cho et
al., 2011). ZF Gof =259 theFst F o A ACE Aa&/d<
4% A= Fig. 3ofl Uetgieh. Wl EtOH +5=9] A]
S}EA(IC, )2 2529 pg/mL, MeOH 52 3828 ug/mL
ol9lo, B4 FEBL AaHol vlu|g Ao BH1Ho]
EtOH>MeOH> %142 %52 2:0 & ACE Asj&4o] £& A
o 2 Folx| it} Fig. 30| Yeld A3} Zo] EtOH YU MeOH
FERE $28 o] vkl ACE As|gel 37kt
=5 oA AR Bolon, vkt S 3=l 9l
5 —%ZE’OMHE V15w Yo BOH @ MeOH 22522
5% 77 ng/mLofl A 2F 70% 52 ACE &4 Asfist
7;1 o 2 golE it} Cha et al. (2006)2] Filof w2 T
BEo] =2 ACE AN ok, 2R vielE
£, ehoh, S}l 4oL AR 5L 22| MeOH 72200
ug/mLo Al 70.70-86.59%% =2 ACE A 24 Lrehf$l
chubebdl, Wi chop 525 9 A ohul wotel 5 &

3 21 angiotensin 12]
&4 angiotensin 11
FEA7 = 22 o)

o mlm
o>“ LB

4

Ir 7l
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AChE inhibition (%)
& 3
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Fig. 4. AChE inhibitory activities of various solvent extract from
Ishige foliacea. The results were determined at the final concen-
tration 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. Tacrine was used as a
positive control. The 50% inhibitory concentration (IC,)) values
(mg/mL) were calculated from a log dose inhibition curve. AChE,
Acetylcholinesterase.

ACE Aslj&/d& WEstaL 9l
S0 F&22| AChE sl &4

Wl F2&50] tigt 9] acetylcoline 5= 44 ¥ I
2 2Is}7] flote] Wl 529 AChE A 2/d& 573t
Z1 AHE Fig. 4of| U ok, 2t S5 32559 AChE |52
4L theFst 5%(0.1-1.0 mg/mL)o| A 24§t A3 EtOH 3
2520 AChE A E4(IC, )& 0.97 mg/mLo| 11, MeOH 5%
=2 0.78 mg/mLo|l o G FEE2 A&/l nln|gh
Aoz 2HE| o], Yyl AChE #3j&4-S MeOH>EIOH>
e F5E o0& 2 A02 2RIt g=stol g
AL2] Eofi= A1 HEEA 2l acetyleoline EHFo] ARl H]
3l oF 50% olst® Haxsh= Aol Sl Ao ® YA Sl=
d|, AChES] &4o] Z7}514 acetylcolineS £33 1 5
£ A7) 9 WS Sl A A2 &4 E o 719
g 4ol FEE Ao ® dEA K Talesa, 2001). WA
] ol A] acetylcoline 5= 2= Q1X| 7] 574 FItel Al
A7} Q= Aoz BiEo] ¢JTk(Kim et al., 2022). %5 20
9] AChE Al ol gt A+tol wEw, 7ks s 279
MeOH &5 1 mg/mL 5ol A ZHe= 35.85%, 754
£ 31.77%, vF$l5 8-S 31.14%2] AChE A4S B,
ZHA o) 1 ka9 452 20-30%, U] €] 105
ol A= 10-20%9] AChE Aa{e/d& Hepditkar 2 arshelct
(Son et al., 2016). H57] MeOH F=&5(1 mg/mL)2 2F 80%

rr
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il
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)
32
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2 ox

120
Positive control IC5,=7.85 pg/mL
[170% EtOH 1C5,=3.89 pg/mL
[ 80% MeOH IC5,=2.01 pg/mL ]
100 Il Water |C5,=0.48 pg/mL
b
g a
~ 80 L
c b
i L a
=
2 c C |
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£
-
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[11]) b a b
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STA-200 0.1 1 5 10
(200 M) Concentration (pg/mL)

Fig. 5. BACEI inhibitory activities of various solvent extract from
Ishige foliacea. The results were determined at the final concen-
tration of the above, respectively. Values are meantSD (n=3).
Means with different letters in a column are significantly differ-
ent at P<0.05 by Duncan's multiple range test. STA-200 (H-Lys-
Thr-Glu-Glu-Ile-Ser-Glu-Val-Asn-Sta-Val-Ala-Glu-Phe-OH; final
concentration at 200 M) was used as a positive control. The 50%
inhibitory concentration (IC,)) values (ug/mL) were calculated
from a log dose inhibition curve. BACE1, B-secretase.

9] AChE A3IZAS BEadle 202 HiEoQlti(Choi et
al., 2023). w}2tA] Y=l EtOH Y MeOH F+=&2] AChE A3l

BYE H2F F S £ il £3H 702 B,

W &==2| BACE! Mafigd

Qoj 2&Eo] gt BACE! (B-secretase) AsjEAe 24
g AT} Fig. 50 UERe). erzatolmH o] U9l % aht
ol oA} thill A 22148 B-amyloid (AB)2h= HEto| =7} 7}

Lot RES01A] Aol S2 E|o] WA= 417 B34 &
A2t o 2 ABE amyloid precursor protein®] B-secretase®}
y-secretase?t= A 420 ol At o] YAHE= Aor A
A QtHKim et al., 2002). & Lol A= B 9] Ap A/ <A
o= EIsH7| flete] Wl =252 BACEI AlgdS 54
sko d=sto|m o] ot ANE HESIGIH 7 Qi F5&
9] BACE1 A& thekel wwol A 5743 ZikFig. 5),
EtOH %29 BACEI AsJ2H4(IC, )2 3.89 pg/mLo|L,
MeOH #%522.01 ug/mL, I 32552048 pg/mLE &
olx]o] BACEL9] A3fj@AL d4>MeOH>EIOH 0.2 =
& 2/dE UEFH AT Fig. 5ol vrebd 23} 2ol 2 glaf) &
=9 o] Bl#ste] BACEL Asli&/d o] S716he= &= of&
22l 73S ©elth 53], @4 % MeOH 552 S5k
5 pg/mLo| Al BACE] A& S4%r At oA izl
STA-200 (200 pM) .o} 52 /& 72| 3L Ql = A 2 &2 29l
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