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Inhibitory Effects of the Compounds Isolated from Sargassum yezoense on
a-Glucosidase and Oxidative Stress

Eun Ha Lee, Jungyeob Ham, Hong Ryul Ahn, Min Chul Kim, Chul Young Kim, Cheol-Ho Pan,
Byung Hun Um and Sang Hoon Jung*

Natural Products Research Center, Korea Institute of Science and Technology (KIST) Gangneung Institute,
Gangneung 210-340, Korea

Abstract — We examined ethanol extracts prepared from the Korean marine algae belonging to the Sargassaceae family for their
inhibitory effects on o-glucosidase activity and free radicals in vitro. Among five marine algae, the extracts of Sargassum
yezoense were found to possess strongly o-glucosidase inhibition and free radicals scavenging activities. Two compounds were
isolated via bioactivity guided isolation and tested for their effects on a-glucosidase, DPPH, ABTS" and Photochem® analysis.
Their chemical structures were elucidated by spectral analysis and direct comparison with authentic compounds; their structures
were identified as sargaquinoic acid (1) and sargahydroquinoic acid (2). The inhibitory effects of compound 1 and 2 (IC,, value:
14.2 and 12.8 uM, respectively) on a-glucosidase were more potent that of deoxynojirimycin as a positive control (IC, value:
18.0 uM). All compounds displayed antioxidative activity which was measured by DPPH, ABTS' and Photoche® apparatus.

Key words — Sargassum yezoense, sargaquinoic acid, sargahydroquinoic acid, o-glucosidase, antioxidative activities

g AEAE AL Slsied wAoR A3 Y= A
87102 34 sighEe] 48 R 5 oA, A9l 285

Az 2y 27, 2] Agslel TET oAb 24,
AEd A 574 Fe A& AP A, FHRUAA
of 2§ o A7t oo A ek

FAsREES] Aslof| Hosk= G40 a-glucosidase] )
AAZE PEHSZ acarbosed} 7+ 31gHE0] o, o
AslgEo] A3 ul, 279 a-glucosidaseS AEIA, 32
AL G SRS WeElE AAAA, B SitE A3 - F
73] F7tele @3S 9AsA Ak Guar gum o]
pectin?} 22 7FEA ARE ol8dt e & FrE W
afste] ehtket At ek s]= St

Y RAEE Bapbo] Hoh= dlxF 5 AT dF
02, o] ZxF{ EollA 553 plastoquinones, merodi-
terpenoids¥} phlorotannins 5-¢] E&Eo] ®5 ¥ u} gk *?

*WAIZ 2} (E-mail) : shjung @kist.re.kr
(Tel):82-33-650-7203

150

5 o mApykel] A
sargaquinoic acid®} sargahydroquinoic acid= 3T3-L1A|3Eo
A PPAR ayg 8733} A7 o224, adipocyte®] E315 %
A3tke A7A3e 2ad b ok’

2] ¥ plastoquinones 3} §H=<l

A2 T2 FH2ol I B PESe Aol Fag
HEFE FsIeH, 2 AES FEske d7-E X9
St o] dgto g RNk oerE FEE| thE) -
glucosidase A &3} B ASIAEY X2 A8 &35 S48}
3L olg Harstarap g, sk Ay £ F4e] A3
2 #9259 sighEe] -zl theiM = Karsiarat st

e %
HEME -2 AP A& xR/ Sargassum

thunbergii, S. horneri, S. confusum, S. yezoense ZLZ| 1L S.
miyabei = F3l|SFA AF AFHsAeH, 1Y St 7

Z & 95% JerSE FEdl] ARSI
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A2t & J|7] -NMR spectrat= Varian (500 MHz)<]
programe ARSI o YR EFEAZ = tetramethylsilane
(TMS)E  A-8-3}9 3L, chemical shift values= part per
million (ppm) ©$Z A8-3199c}. Thin layer chromatography
& plate= precoated silica gel 60 F,5, (Merck)& A8-3}%
ot 238 AdasvEadfse & A7t A 2315
<t A F=2vE T3] (normal phase silica gel preparative
middle pressure liquid chromatography, MPLC, CombiFlash
Companion)& ARE-3I1 o™, 38 AH AZvtE 1T
9] packing material2= Silica gel 60 (JYA=7] 35-70 uM)
2 A3 a-glucosidase, 2,2-diphenyl-1-picrylhydrazyl
(DPPH) radical, p-nitrophenyl o-D-glucopyranoside, 2,2’-
aziono-bis(3-ethylbenzthiazoline-6-sulfonic acid) radical
(ABTS"), Z8]3L deoxynojirimycinS Sigma (St Louis,
MO, "l=)ellA i ste] ARSI 2 Bhe] Aok S+
% HPLCE Sw& ARS8ttt A=rtEae 98 8
J.T. BakerAl2] HPLCE+-8 8IS AMS-SIALL, 557
32 SRTE At ARgEIien, o oo AEF
LAe Bl EFAIFS AHEEIITE

F& % B2l - B MEe Ax8k] 95% uE= F
, A Axste] @50 ARgsislnh £4 EElE
3], Y EAE AZXFHF 187 g 8k, ofAlE W
e 7xste] 239 FEES AU FE=
o §e} 3}, ethyl acetate (EtOAc)Z 5 35}
, 555t 622 mgo] HYES AU ol E -
hexane¥ EtOAc®] E9toS ARE-ste], 40l ule )7t
A AdasvtET e S At 10719 & #8924
AL, vk ARnEI IS Foke] Hlsd FEE Hole
Hol HI29) £338 o}, preparative BFE IZVFIEL
9] E n-hexane/EtOAc (15:1)2 33] A A5t 3}3HE 1
(249 mg) sEHE 2 (114.5 me)yS 289t} (Fig. ).

3}3HE 1 (Sargaquinoic acid): yellowish oil; '"H NMR
(500 MHz, CDCL) &: 6.55 (1H, m), 6.46 (IH, dd, J =
2.0, 0.5 Hz), 6.00 (1H, t, J = 7.0 Hz), 5.17-5.08 (3H, m),
3.13 H, d, J = 7.5 Hz), 2.59 (H, q, J = 7.5 Hz), 2.27
(H, t, J = 7.0 Hz), 2.15-2.04 (8H, m), 2.06 (3H, s), 1.68
GH, s), 1.63 (3H, s), 1.61 (H, s), 1.59 (3H, s); "“C
NMR (125 MHz, CDCly) &: 188.3, 1882, 172.5, 148.7,
146.1, 145.5, 140.0, 134.8, 133.4, 132.5, 1324, 130.7,
1247, 124.0, 123.6, 118.2, 39.8, 39.2, 34.8, 28.4, 28.1,
277, 265, 259, 179, 164, 163, 162 FLIR (neat) v,
3436, 2924, 1683, 1654, 1441, 1292 cm’™; HRESIMS m/z
4242611 (caled for C,H, 0, 424.2614).

3}3HE 2 (Sargahydroquinoic acid): yellowish oil; 'H
NMR (500 MHz, CDCLy) & 6.49 (1H, d, J = 2.5 Hz),
646 (1H, d, J = 2.5 Hz), 5.99 (IH, t, J = 7.0 Hz), 527
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Fig. 1. Chemical structures of isolated compounds from S
yezoense.

All compounds identified by NMR, IR and Mass spectrometry,
and direct comparison with authentic compounds. Their
chemical structures were sargaquinoic acid (1) and sargahy-
droquinoic acid (2).

(1H, t, J = 7.0 Hz), 5.12-507 (2H, m), 328 (2H, d, J =
7.0 Hz), 2.58 (2H, q, J = 7.5 Hz), 226 2H, t, J = 7.0
Hz), 2.18 (3H, s), 2.14-2.05 (8H, m), 1.75 (3H, m), 1.67
(3H, s), 1.59 (3H, m), 1.58 (3H, s); "C NMR (125 MHz,
CDCly) & 172.9, 1489, 146.6, 145.8, 138.5, 1349, 132.5,
130.7, 127.8, 125.7, 124.5, 123.6, 1219, 115.6, 114.2,
39.7, 39.2, 34.7, 30.2, 28.5, 28.1, 26.3, 25.9, 17.9, 164,
163, 162;; FI-IR (neat) v,, 3434, 2921, 1682, 1471,
1194 cm'l; HRESIMS m/z 426.2768 (caled for C,;H;O,
426.2770).

a-Glucosidase XMaH&4A — a-Glucosidase AaE/d-2 7]
2o RyE WES AR FAE] AMgEIAn) F2E ¢
33HE 50 plE 03U/ml a-glucosidase &4 50 pl,
200 mM phosphate buffer (pH 7.0) 50 ple} &3t 37°C
o Al 15+ 7F o 4] v gk ¥ 3 mM p-nitrophenyl o-D-
glucopyranoside 100 ulE 71sted 37°CellA] 1087F WHE-A]
ZTh 0.1 M Na,CO; 750 ul 2 W8-S A=A A7) 5L, 405
nmolA FFEE S, tHgsh= a-glucosidase®]
ICs, 7S ARt

DPPH XIRelC|zt 248N - DPPH Atz 27
7|E0] BIE WS dR £sle] ARt &
2 SIgHES] AAE AT sEE FE80 ] 4
ol 10 ul®} 100 uM DPPH €9 190 ulE a3l
Fohs, AellA] 30i7F WA $F $-, spectrophotometer
-TEk instruments, VT, USA)Z 517 nmo|A S3 =5
et kst a3t= thERatol et 50% 3=
el = A9 5% (IC)= HAIsII ZH A&
| i I il s A=
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ABTS™ 5 mi¢} 140 mM potassium persulfate 88 pl=
T, 2ol A 16A17F F9F WS 2pekgt AdEjoll A Haks)h
th o] &AL oehgol 1:449] vv HIEE F3 §, ©
3 g9 190 wst AxR 222 2 HIAE 10 Wt 4
T oM 682 RESAIZIAL T34nmell A S S S
a3tk ABTS'S] A &3} Inhibition (%)= (Control
O.D.-Sample O.D.)/Control O.D. x 100 &2 A 3}3H O,
thzesoll tht 50% 350 HAasE Ueple= dAY 5
E (IC)E FAIBIATE 7} AFE 33] vk AA|ste] o
stk

Trolox equivalent assay (Photochem® analysis) —
kst B4 S Trolox ot A HA 0= H|aLstr] 918k
photochemiluminescence WH O 2 &8l &S 54319
t}.'” ACL (Analitik Jena AG)°] luminol&4 photosensitizer
9] 7153 B Ze AEshe 779 715E TR e
™, A8L manufacturer’s instruction®l] 7]1&¥ Wl w2}
Y3t kst €42 Trolox equivalents® WFERHATEH

al
ES

=}
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Zat
AE sl A e 552] Sargassaceae family
ZFEHE a-glucosidase AAIE & ks SRS

FAHOE YuS JAT F Ue 2AE ZEe v

W gkxle] 2% Wl a-glucosidase + F2F<1l H]sl
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235317 nfdolt} o3 a-glucosidase AA = A7)
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AL, Qe 1] oA e adYo R <lgh
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Table 1. Scientific name, family, and the inhibitory effects
of marine algae on a-glucosidase

Scientific name Family  Inhibition (%) ICy, (ng/ml)
S. thunbergii ~ Sargassaceae <5 >100
S. horneri Sargassaceae <5 >100
S. confusum Sargassaceae 75.9 19.0
S. yezoense Sargassaceae 84.5 3.5
S. miyabei Sargassaceae 84.1 3.3

“The inhibitory effect of marine algae on o-glucosidase was
measured at 100 pg/ml.

1

=

voglibose 5©] AHE&-E L AT},

o]# a-glucosidase JAA| = &
Aol Ae] BerskE 48l 9 FE
50| 21 e A¥E @A, 1 54
s Aot 5o FAES Hais)

AT

2 APoM = 559 Sargassaceae family |Z2FE 53l
ol A AFBIAL, L oflekE FEEC) thsl] a-glucosidase
AAGE L SAA 559 xR/ 5 A=A (S
yezoense)®| 1C, %k 3.5 ngml= 714 973 252 UE
WAt} (Table ).

JETF AEE B ety ARE (R ARt
3}, polyol A=, Thd T3l Syl o8] A7 ez A
‘dol F7hgol AL, I Hels Erddr e oF <l
AFEol] ofs) Akl REH A 9 220 4hslE E4o] STt
g 5 Yok gaels 84 Ay AUe Aok 5
o] 2 A3atsl} F7hgol WA o] AtsliEdY A
= T Ae 713 2 B zEe] HFAR A, A
Aaprksto] oA S AA U Aiks) B4 (superoxide
dismutase, catalase, glutathione peroxidase)S €743} 3}=

ulro.
=

Table II. Antioxidative effects of marine algae extracts on DPPH and ABTS

L Photochem DPPH ABTS
Scientific name - > — 5 — 5
Trolox equivalent (nmol) Inhibition (%) ICs, (ng/ml) Inhibition (%) ICs, (Lg/ml)
Trolox* - 97.2 99.4 5.7
S. thunbergii 0.4 8.2 >100 332 >500
S. horneri 0.5 8.7 >100 62.4 438.0
S. confusum 0.8 51.6 >100 94.0 66.4
S. yezoense 15.5 92.5 74.1 99.8 31.9
S. miyabei 1.3 234 >100 93.7 54.1

*Trolox was used as positive control.

“The antioxidative capacity of marine algac was measured at 0.4 pg/ml.
“The radical scavenging activities of marine algae on DPPH were measured at 100 pg/ml.
9The radical scavenging activities of marine algae on ABTS were measured at 500 pg/ml.



Vol. 40, No. 2, 2009

WHOE Usm & k. B dexe it @48 5
3171 $18l], DPPH 2 ABTS' gt 27% B4 =%
slom ) troloxele] FIElEE BlwEl7] 91519 Photochem®
(Analitik Jena AG)YE ARSI 5 7149 |27 FEE
Zoll, EA o] 7w A E AARHE YERY
om, DPPH 2Rz} ABTS BREZe] IC,@ke 24 74.1
7} 31.9 pg/ml ©IJT}. Trolox2te] $54< Photochem®S.
2 A% A3 JEAN FEE 0.4 pg/ml ©] Trolox ]
15.5 nmol} 553 22 & YePT} (Table ID).

I =A}Wke] o-glucosidase A EA L ARSI AEF X A
g &-go] 7P sk, BAEA FElE At F
28 Ay Ay A=nETy 2 preparative U
ARvtEIHIE Fote] 2719 stgES Felsiien,
NMR, IR ¥ Mass spectrometryS A}&3te] 3135 1S
sargaquinoic acid, 318 2% sargahydroquinoic acid® -
254 skt

T 71 St tiste] 719 S SAs

SIEHE 13 SIHE 29] a-glucosidase A1 1C;2 2+
7k 142 ¢} 12.8 uM=E IE0 2 ARS8 deoxynojirimycin
°] ICy, %1 18.0KTF =2 A &4 S VFERHATH (Table
111).

o o

L

Table III. o-Glucosidase inhibitory effects of the compounds
isolated from S. yezoense

Sample Inhibition (%)  IC., (uM)
1 79.1 14.2
2 84.6 12.8
Deoxynojirimycin* 78.8 18.0

*Deoxynojirimycin was used as positive control.
“Tested compounds from S, yezoense was measured at 25 UM.

Table IV. Antioxidative effects of marine algae extracts on
DPPH and ABTS

Photochem DPPH ABTS
Scientific

Trolox kit 1C,,  Inhibition  1Cy,

name  equivalent ) o o
(I]II]Ol)a) ( A)) (I’J’M) ( A)) (IJ’M)
Trolox* - 93.8 27.2 98.2  40.7
1 7.5 83.9 51.9 76.72  78.4
2 6.1 87.5 455 80.68 447

*Trolox was used as positive control.

“The antioxidative capacity of marine algac was measured at
0.5 pM.

The radical scavenging activities of marine algae on DPPH
were measured at 250 pM.

9The radical scavenging activities of marine algac on ABTS
were measured at 500 pM.
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st 13 S3hE 29] Ay 2 AR RE SA6
o] B Az} DPPH 229 1C a5k 22 51.95) 45.5 uM
2 oiEe] IC,7kel 272 uM B} o o] wke &
ZJoAth. ABTS ] 2o 1C, kS 2zt 7849} 44.7 uM
Z iR ICs#S! 40.7 uM X} oF 2ujy o] vk &
dolAY, siekE 29 7% HIszek 438 VERIRITE (Table
V).

Trolox$}2] 5548 Photochem® 2 =43 A3} 33HE
13} 29] 0.5 uM FE=o1A Trolox2] zHzt 7.59} 6.1 nmol<}t
E5T AR YT (Table 1V).

7 =

ATE B3I B3N] 5%59] Sargassaceae family 3
o thall o-glucosidase 1A B ks S S =
oW Sargassum yezoense’t 7V 73 3= U
= Ae g E4EE B E AEsHY
sargaquinoic acid (1) ¢} sargahydroquinoic acid (2)& 2
1L, o BAEC sl a-glucosidase SAEd 2 &
kst BAE SA4et] E A9, T sigtE B Y o
glucosidase A1 &S YeRNR oL, 3Hatsl S-S ti et
2l troloxoll= WIX|A] Z3pARE, 903k ksl a9kE Zhe
Ao BRIt} wWelA Sargassum yezoensel| A E2| gk
T 7K sRtES 3% 9 A Aot faE S5HE
ZAEE, ko g 17 Sl tist 2873}, T &
A ohE 1At tist A AU AEHow 9T
Zlole} AlsHrt,

o
toba

Ab A

B Ate AAEAR A7 124 (RTI05-01-02) A
How FHPHUL

AEE
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