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Lipase and a—-Amylase Inhibitory Activity of

Sargassum thunbergii Extracts

So-Jeong Lee

Department of Food Science and Technology,

Graduate School, Pukyong National University

Abstract

Diabetes and obesity are the. most serious and chronic
disease of the general population over the world. One
therapeutic “approach for the prevention of diabetes and
obesity has being made to investigate  potential inhibitor
against lipase and a—-amylase ‘from natural sources. This study
was performed to investigate the inhibitory activity against
lipase and a—amylase to elucidate the possible use of seaweed
extracts as an anti—obese and anti—diabetic agent. So, we
measured lipase and a—amylase inhibitory activity from 21
species of seaweed extracts. As a result, Enteromorpha
intenstinalis, Porphya yezoensis and Sargassum thunbergii

ethanol extract showed 58, 49 and 37% lipase inhibitory a



ctivity and Sargassum thunbergii, Sargassum siliguastrum
ethanol extract showed 69 and 60% a-amylase inhibitory
activity. These results suggest that Sargassum thunbergiiST),
a brown algae, evidenced prominent inhibitory activity against
lipase and a—-amylase. In the inhibitory test, ST ethanol
extract showed 37, 19 and 16% lipase inhibitory activity, and
the a—-amylase inhibitory activity of 69, 54 and 33% at
concentrations of 5, 2.5-and 1 mg/mL. In order to study the
changes in enzyme inhibitory activity by heat, pH and ¥y
—irradiation, ‘ST ethanol extract was carried out “by heat, pH
and y-irradiation(3-20 kGy) test. In  the heat treatment, all
treatments were increased than' the untreated. In the pH
treatment, stable activity showed range to pH 4-8. And ST
extract was no - signifieant changes by y-irradiation. ST
ethanol extract. was  separated into five. different partition
layers, n-—hexane, chloroform, ethyl acetate, n—-butanol and
water layer, by solvent extraction. As a result of enzyme
inhibitory activity for each obtained fractions, out of four
different partition layers excepted water layer showed higher
activity than ethanol extract. Especially, chloroform fraction
exhibited the strongest lipase inhibitory activity of 63% at a
concentration of 2.5 mg/ml. a—-Amylase inhibitory activity

showed also higher value than acarbose(positive control) in



chloroform fraction. Therefore can be used ST extract as the

natural inhibitor of anti—diabetic and anti—obesity.
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Aol TR AZEL Jrh A LR FEe " FH|vE
d Bd2F AFHLee et al., 2008), 7FA(Kim et al., 2006), %}
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AFA=ol Ak gl E7skal sjFB =l e &

< FAANATH, Fh(Lee et al., 2005), &

2008), A3 Cho et al.;»2007) ® & (Lee et al., 2008) %

Sy

(Lee et al.,

al., 2008). @i} Hitol: thkdl dxFERYH 7S4S uela
o2 AF D HFFE AcAZ FEeuAss AT} U 8
93 gleh. @AZA B vl getd AaAN AR BHL 2

T S FFol= Ecklonia cava, Ecklonia stolonifera X Ishige

okamurae=Z%4¥ 2% phlorotannini(Lee et al., 2009; Iwai,



2008; Heo, 2009), &=x7F<Ql Grateloupia elliptica?lx 2%
bromophenoliF(Kim et al., 2008), Eisenia Bicyclis(Cho et al.,
2008), Laminaria japonica &2 tdF<l fucoidan(Park et al.,
2007) ol HasEar ot Foig zpel Hla) A= S8 A5
ol Eisltt, ¥, A =F9o|(Sargassum thunbergiy ZZEAE
(Phaeophyta) EAFWFaH(Sargassaceae)ol] &3sbH 2yl A oot
ANA &3 & F AT AEFEA 30 sH-odl AAety offAE

o AR AEHI Qo T FEWA Fahn o AU g

AF3H(Choi et al., 2006), 3+9<5Kang et al.,, 2008) % st (Lee
et al., 2009) 5o A& g Ao F2l¥E =4 E=Park et
al., 2004; Seo et al., 2007)] 3] A%
Aol et A= HaE Hol gl
A Aol M= K Fo] FE=9 lipase % a-amylase A @l
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B ARl A AR FEFE P A Sbel A AH ] P

M3Lo] AL 5, FAAZs ] ZAl LHAA -20ToAA A GetHA

1-2. AloF

Lipase from - porcine  pancreas, a—amylase from porcine
pancreas, MOPS(morphelinepropanesulphonic =~ acid), p-nitro
-phenyl butyrate, dextrin from ' potato starch, 3, 5-—dinitro
-salicylic acid(DNS), potassium sodium tartrate tetrahydrate+e
SigmaAtell X F+YsY3, 2-Amino-2-hydroxymethyl-1,3-propa
nediol [ Tris(hydroxymethyl)aminomethane ] &= WakoAFoll A <13}
of A}-g-3F3itt.

Az EE TEAEe] AE2FE 95% MR FET T Al
OAl & H7lste] & FEES FE3T WA Azl 10v%
o] 95% ol §FeS 715t 2o A] Shaker(Dongwon Science Co.,
Busan, Korea)E ©]&3dto] 2443t F=3 5 A4E 2] 7|(UNION
32R, Hanil Co., Incheon, Korea)® 3000 rpmell4 10E7F L4 E

Pajoith. 4ol A F de AAe A3 FAH Wyow 25



g 7ot} dgad EdeA 33 W FE8ke] FHoklv A

S AHAE I3 & rotary evaporator(RE200, Yamato Co.,

4

Tokyo, Japan)® =3l 37TColA 7AxsYT. 1xE Alg=

~20CoNA RASHA A& ALL3FS T}



Table 1. Samples used in this study

Scientific name

Korean common name

Ecklonia stolonifera
Sargassum thunbergii
Eisenia bicyclis
Undaria pinnatifida
Laminaria japonica
Enteromorpha intenstinalis
Porphya _yezoensis
Sargassum siliguastrum
Sargassum confusim
Sargassum micracanthum
Sargassum horneri
Sargassum fulvellum
Myagropsis-.myagroides
Sargassum-sagamianum
Sargassum hemiphyllum
Sargassum muticum
Corallina pilulifera
Lomentaria catenata

Dictyopteris prolifera
Rhodymenia intricata Okamura

Meristotheca papulosa

Dictyota dichotoma

spol 7] 5 2t
o] Bt
AT A
R DR
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3. EaANEH SA
3-1. Lipase A&|&A]
Porcine pancreatic lipase 0.3 mgo] 10 mM MOPS and 1 mM
EDTA (pH 6.8) 30 uyLE &332 100 mM Tris-HCIl and 5 mM
CaCly (pH 7.0) 850 pLE A 7}8}e] enzyme bufferE 41|35} T}
Enzyme buffere] A& 100 plLE #H7}8ted 37ColA 15837+ whs-
AlZ . ®Eg % 10 mM p-NPB 20 pLE F7bste] =§A1A or

o

37CoNA 1587 Hk&AlZHEF. p-NPB7}-p-nitrophenol® 7}4=&3
H AHEE UV/visible spectrophotometer(GENESYS 10 UV,
Rochester, NY., USA)Z 400 nmollA] &3 =5 =A 59}

A3E(%) = 100x<[1=(A-B)/C]

ARE A FHE
B: 845 A7 2
C: AEg ARSI T
D: Exot NS HASA e I

3-2. a-Amylase # 3|4

Porcine pancreatic amylaseE 16 unit/mL & E= 9E & %

T AE7F & FEA a4E 200 pl H7bste] 25TelA 51t

WAl T 58 % 0.5 % starch® 400 ul. 53] thr] 3&7F
L FHslo] @A AleF 100 pLet =&A1Z1 9 85T

A 1583 W AT whgo] 2y Z& 900 pLE H7bete]



4. € 9 pH A

4-1. € A
AN2E AT FE& s ¢ 60T A 10, 30 ¥ 60+, 80T
o} 100TClA ZzF 1037 20%, 121C 1583 4483 3 Fdst
At ol & 4TAAA Bt A3 A8t

-~

5. ZPHd ZA}
st A AT WA kAT ae] ol kA
S AU R o gate] A2

2] 100,000 Ci *Co

FER2 =5 5 mg/mlL g% 27 3, 7 2 20 kGyY
SFA T Hulbd Z2AVSE Alss 4T YHRASIHA

S drF xAME
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o
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o)
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L
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Sargassum thunbergii ethanol extract

Water n-Hexane

n-Hexane Water layer
fraction | Chloroform
| ' 1
Chloroform R
fraction — Ethyl acetate
Ethyl acetate Water layer
fraction
Butanol
Butanol Water
fraction fraction

Fig. 1. Procedure for the solvent fraction of ethanol extract

from Sargassum thunbergii.

_11_



o)

I

A% 2

ol

7A
i

ol

L

22}
sy, a7 AP, AL 2

o

3

o whebA

1

o
yal

&

el

ol
HH

Y & FE=dA &0l ¥

do] 1= &322 0.88 B 49| Fol SA4&mel #=5+=

2. axAHEA

ol e qzF FE=9 aLAHES

o
-

a
k)

583}

Tl
=

olr 7]
 lipase

[e)

&
81k

dolHdtt. 5 mg/mL T2 A

ka3

gl

9

A

A

x5 &

f

9

HjRk 27 24

s

ko)

=i}
=

T

’

<}

s

)

442

3)

-amylase #

= O

‘H S A]

9

Al A S BYHTable 3). a-Amylase A

o

T

of wls)

=

I



0
Y2

B 7] A o Bs FEEClM 699 60%°]

=K

ojAH sy = FE=A

1S B (Table 4).

o

EEE

A

ol
HH

A7 whel

s

2 g-amylase

A& lipase

1

9) screening

28

=

&

4=

3

2 g-amylase A

2 =& lipase

_13_



Table 2. Yield of ethanol and water extracts from seaweeds

(unit : %)
Ethanol Water
Ecklonia stolonifera 4.04 26.00
Sargassum thunbergii 8.47 13.30
Eisenia bicyclis 11.62 21.60
Undaria pinnatifida 13.13 36.09
Laminaria japonica 11.37 21.7
Enteromorpha intenstinalis 6.7 26.3
Porphya yezoensis 3.32 18.4
Sargassum siliguastrum Wai! 22.22
Sargassum confusum 12.29 10.33
Sargassum micracanthum 14.85 14.85
Sargassum horneri 19.75 14.72
Sargassum fulvellum 21.27 17.16
Myagropsis “myagroides 16.82 16.32
Sargassum sagamianum 12.39 9.98
Sargassum hemiphyllum 5.72 13.06
Sargassum muticum 4.74 -8.45
Corallina pilulifera 0.86 3.23
Lomentaria catenata 13.01 9.92
Dictyopteris prolifera 7.34 19.09
Rhodymenia intricata Okamura 3.69 11.82
Meristotheca papulosa 4.31 4.22
Dictyota dichotoma 4.30 6.93

_14_



Table 3. Lipase inhibitory activity of seaweed extracts

(unit : %)
Ethanol Water
Sargassum thunbergii 37.37%x1.46 22.58+1.04
Eisenia bicyclis 43.48+2.35 15.13%+1.11
Laminaria japonica 18.58+1.51 80.00%+0.57
Enteromorpha intenstinalis 58.43%+2.31 -
Porphya yezoensis 49.211£3.26 -
Sargassum coenfusum 6.12%0.58 13.69+0.41
Sargassum’ micracanthum 27.68+1.47 16.37£1.92
Sargassum horneri 30.50+1.52 17.76£2.32
Sargassum fulvellum 18.81+0.32 8.43+1.41
Myagropsis myagroides 43.03%+3.28 11.15+0.74
Sargassum sagamianum 70.36+2.83 9,78+1.52
Sargassum. hemiphyllum 27.47%x2.39 16.25+2.64
Sargassum muticum 41.90£0.00 56.32+0.82
Corallina pilulifera - -
Lomentaria catenata - -
Dictyopteris prolifera - 22.13+1.23
Rhodymenia intricata Okamura - 13.63£0.25
Meristotheca papulosa - 18.32£2.26

Dictyota dichotoma

* - ; less than 5% activity.
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Table 4. a—Amylase inhibitory activity of seaweed extracts

(unit : %)
Ethanol Water

Ecklonia stolonifera 59.81%£2.39 -
Sargassum thunbergii 69.29+£0.70 -
Eisenia bicyclis 22.89+£3.36 -
Undaria pinnatifida - -
Laminaria japonica - -
Enteromorpha intenstinalis - -
Porphya yezoensis i -

Sargassum' siliguastrum 60.28£2.79 21.41%+2.12

Sargassum confusum 33.88+0.42 12.34£1.03
Sargassum micracanthum - -
Sargassum horneri 8.82£3.41 -

Sargassum fulvellum 20.30£3.89 20.46+1.23

Myagropsis myagroides 8.46+0.92 21.50%+2.10
Sargassum ‘sagamianum = -

Sargassum hemiphyllum 16.32£0.21 29.71+1.17

Sargassum muticum 11.64£1.23 4.57£0.78

Corallina pilulifera

Lomentaria catenata
Dictyopteris prolifera
Rhodymenia intricata Okamura

Meristotheca papulosa

Dictyota dichotoma

" - less than 5% activity.

_16_



2-2. A|Fo] FEE9 aLAANEA

2-2-1. Lipase A3|&A

As 249 7|1 A& 24, Ao 4st 2 S, 354
Py

QS B oA aule] F7b Y A hatel

A2l Orlistat(Xenical)7} o]&l8t 71 Hd] o] 2gel= Aoz oy
A 9lth Orlistats FxA o= ZAAWI SA}sle] 9o} 2| 4o Al
U E e ARt SR Lo N Ty xS} T

AAEe ThEREdE weEldd | weEbd xRl e At

{0

Ol

monoacylglycerol FEE 7}5-E He AL 2 Asly ] e
AS How MHHES EokFo| HIRES] X 5o AR&H I vt
(Ahn et al,, 2007). ole] A Fol FE=¢ AW F5E 22442

e W E FEES 525 %2 1 mg/mL 52 lipase AfZAHES
S48ty 1 A3 (Table'5), g FEE9 ¢ 37, 19

5 FEELS 15, 14 2 13%9 #e B
of dEtE FEEANA E2 @48 BT o+ Bitou 5(1999)9]

i

Aol A Ishige okamurai, Sargassum muticum % Porphyra
tenera M¥rS FEES o] &3 lipase A& S A 77, 94
2 63% Ht} e lipase A3 @3t A TF Bitou 5(1999)9]
Aol M & v et

o

S 2o g¥E HolY ethyl acetate F
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B FHZF7F lipase ANZAES 7HA= AL sxFo o] 59
4+ polyphenoli#7} &4y w¥ld sy 2g HFAE w511 HA
oz Fho S Aty Wroz d#d rHAhn et al.,
2007; Bitou et al., 1999). H]% ZFZEJAE thh 3 ¢S B

=

Foy xFEE, HIE Z AHAA =49 a-glucosidase %

o

—amylase A3EALE Dol Lee 5(2009)9 Ao up=d
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2-2-2. a-Amylase A3|&4
a-Amylases ©53tE9 o-D-(1,4)-glucan 2L H3 s}
ARAM AN FE, MAE 2 25 Y B@ss tiabe] H4A<d
aaolt, Yyt G B H[REe oA Eobi a-amylaset
Fo| ol wofsty] WiiEol a-amylase As|2E2S d-A A
AAe] A w7t HE &Aool Frh(lee et al., 2008; Rhinehart et
al., 1987). webx A Fo] deE 2@ & FEF=S 5, 25 2 1
mg/mL XA a-amylase A& &S Lol A (Table 6),
BE FEENA 69, 58 2 34%9] AMEHE B 5 mg/mL T
o 4 73%<2] #<S X2l positive control®l acarbose®t FAFSHAl =
ol gk A= Choi 5(2008)¢] HaAx= vt
=9 AL 18% Rt =2 @< HEJom, Oh &
(2009)2] A+ AFdA 629 66%2] AT HS HQ rf 2

JERel St el oA Y due FEEAN e
2

i
ol

ol

(o

ek

of»

rlo
03:
rU O
™
o,
éé
L

gol] FZH 7] wito
ob7] WE Ao ARHCHKim et al, 2008). AZole] A9 o
e 2FEeol dIAsAR AEH I 3= acarbose$t AL

A e ANBHS Holt 0w Hoh B FFw /154 LA
Aol Aol B A @

=
H sxF A9 a-amylase A &) hI AFE=
AR E, P 2358 AAE  diphlorethohydroxycarmalol(DPHC)
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(Heo et al., 2009), Histo 2 xe ®g % phloroglucinol F%A ¢l
eckol ¥ dieckol(Okada et al., 2004), 7He] 2 32 5E GA
phlorotannin¥(Lee et al., 2009; Iwai, 2008), bromophenol+
(Kim et al., 2008) 59 #H&=A4 =#9o] a-amylase &4 A &3}

= Ao dEA gl o2 mFojHol A Fo] FEEd %=

L
=
& &3 a-amylase &Adel GFlo] HQ3k Flog A}
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Table 5. Lipase inhibitory activity of Sargassum thunbergii

ethanol extract

(unit : %)
Concentration(mg/mL)
9 2.5 1
Ethanol 37.37+1.46 19.32+3.06 16.12£0.39
Water 1SR 3== 10100 13.7311.01 12.72x£0.71
Orlistat 100+0.23 99.23%0.85 96.39£1.18
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Table 6. a—Amylase inhibitory activity of Sargassum thunbergii

ethanol extract

(unit : %)
Concentration(mg/mL)
5 2-h 1
Ethanol 69.29+0.70 58.81+3.64 34.95+2.63
Water = - -
Acarbose 77.0211.23 75.12+2.19 59.15%£1.98

_22_



AE 7k T A Al vidEoY ) v ES Alojs)

2 Feos ZAgR kA
A& udste] dAesE mudez e drilee et al,
2009). At ole| gt ZtdA = el e Fddao] T = A

]

A= EHE Fd SOl maAN S-S e

Az Ay 2

(A
rir
ofN_-fa
Y,
%)

rO

o

ol

2

Q
o
_?L
k)
H
ol
B
rd
50
rr
12

A7 "Rk} ol X F9] oEE FE=ES 60CAA 10%, 30
B 9 g0E, 80T < 100Te A 1083 20

A
’_A
\)
’_A
i
d
R
’_A
a1
Ar
i
12

Aelstal w3k 5 lipase ¥ a-amylase ‘A& S SAAT
(Table 7-8). Lipase A& F4 A3, e DAz F A 38%9
A g S Bl FAg el Hla] Asfjddo]l T7He S & 5 3l
Reow 53], 121TColA 15&3F A el FAlel 7o Hls] &
ol 13% +7Hes 9 F AU a-Amylase AL 12
1T, 153 7FEA gl = Aol s oLt ol & A9
g BE Aol FA el vl &Ado] Frhstdith o= 1007T,
30 EAYAANE EAUT FEES a-amylase Asf &Aoo A

stS HeQl AILim et al, 2005)¢ WAHF F-970] A=

|

y
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tyrosinase AsiAS 100TCoA 108 dxgA g9 AR}
10% HAEe] &4o] A3t¥ At Bang 5(2008)9] ZApete thE
AgFoldth Kim $(2008)¢] Hite] maw AZAE I zs19<S
W AP FYvm dEol wYdor sk &4 o] Tk
Al Stk wEkd dA Y mE Aol FE=Y 24 TV &
@ H=3g= Skl 7I9E sew

Aol AsjEido]l gie wep F7F B fHAskeE S e
o el AR 3=l AdEol ALHE sHEE o]
gt =24 wkEshr] wiEow

=2 ol sl @Al F7tsl7] mitol nIAAS sk AF THE

ol N % [Ehgon 8188 & o Blow Alus
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Table 7. Effect of heat on lipase inhibitory activity of

Sargassum thunbergii ethanol extract

Temperature Time Inhibition rate
(C) (min) (%)
60 10 39.57+1.48%
30 41.89%0.84
60 41.36+0.95
80 10 43.01%2.22%
20 43.7442.99™
100 10 42.69%2.22
20 45.5440.95"
121 15 51.55+1.30°
Control 38.05+1.59°¢

* Concentration: 5 mg/mL

" Means in the same column bearing different superscript are significantly different (p<0.05).
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Table 8. Effect of heat on a—-amylase inhibitory activity of

Sargassum thunbergii ethanol extract

Temperature Time Inhibition rate
(C) (min) (%)
60 10 76.46+0.93%
30 75.97+0.09%"
60 75.98+0.13%
80 10 78.4442.10°
20 78.10+1.32°
100 10 76.62+1.71%
20 73.46+0.72°
121 15 61.33+1.56¢
Control 66.31+0.82°

* Concentration: 5 mg/mL

24 Means in the same column bearing different superscript are significantly different (p<0.05).
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3-2. pH <84

o] pHZ F3}5}al lipase % a-amylase AT S FAHsI ot
(Table 9-10). Lipase A3&7d¢] 49, 5 mg/mL &=l 37%°
A g B AT Hlwd uf, pH 4, 6.2 8= A
g A B ov pH 29k 1094 = tha FHAEo] pH ¢
Aol 27 AEd g 729 83%d BTt EAHS B «
—amylase A3|&/d pH 49 69X = FA2 ek FARREH 70%2] <t
4 AEPES ZA 2L} pH 29 10904 = tha Ad E48

U
FE9 AaANELol AT

Bl ol XFo] dwe
AorEdol A T BAAd Aow Areth ot 44 ol

A o438t a-amylase- A& S Bl Lim 5(2005)9] At9+=
& ZAyoly Lee 5(2006)9 Hare] w=w alytule] EA5H=

mushroom tyrosinase A &A1& pH 5-7¢] WA= kA o}
A3 A7 o EerAste] x7]e 20-60% AHAEe AsfEA S

7H A AR Aagith gy dabAQl AEe] pHYF eFAHA
TE $AYS 2Es o, HAZLANAR 2% ALgs=d &
A7F HA Fs HAoZ Al HT
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Table 9. Effect of pH on lipase inhibitory

Sargassum thunbergii ethanol extract

activity of

Inhibition rate

H
P (%)
2 26.25+0:61¢
4 38.13+2.27°
6 34.83+0.88"
8 37.30+0.21%®
10 29.93+1.05°
Control -
36.61+2.98°
(4.8)

* Concentration: 5 mg/mL

24 Means in the same column bearing different superscript are significantly different (p<0.05).
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Table 10. Effect of pH on a—-amylase inhibitory activity of

Sargassum thunbergii ethanol extract

Inhibition rate

H
P (%)
2 38.27+0.13°
4 71.43+1.35%
6 70.36-+1.06°
8 54.48+0.92"
10 38.14+0.41¢
Control ,
70.74+1.36°
(4.8)

* Concentration: 5 mg/mL

" Means in the same column bearing different superscript are significantly different (p<0.05).
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3-3. ZAmbAd ZALY e kR A

M-S deA A7 AFst] fsiM 7hE, sbekerE Ale,
€

Azk g3z v Kim et al., 2006). HolE thFdt HAE
ZAE AASEY ks (Harrison et al., 2007), & (Lee

et al., 2009) % L&A (Kim et_al., 2000) 52 Az&d W3l
sl dolie A7 & Es] o] o X AL rt. o] X Fo] dgh
1 5 FEE 3, 7 % 20 kGy AFoz Trpd FALE A AEH
lipase % a-amylaser A S W= Lol dty 1 A
(Table 11-12), AlFoloda B & FE2dA HEAT 3 24}
TolA el ARl A2 o] ateolrt gle AR YEHT o= H|
i oets FEFE fvbd Al wrE ddE8Ao] S, aureus, E.
coli, L. innicua, B. subtilis & P. aeruginosa®| ©™3a] 7wuld ZA}
A, 3o AWz FoAe Aol glvtE Eau(Kim et al.,
2006)9t%= Atz AFoln, Byun (1999 oAl 10 kGy
Aol v Al Artstd o] dFS wA A etttk AT

dx st Aol it Monica 5(2007)& ZZ=whEle] ZhwlA
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Table 11. Effect of y-irradiation on lipase inhibitory activity
of Sargassum thunbergii ethanol extract

(unit : %)

Dose of-irradiation (kGy)

Ethanol 39.12+0.46% 41.20+2.09° 38.98+1.74° 39.23+1.85

Water 16.23+0.%%° VIS Oy 1”36+ 1.36°F }6.75+3.21°

* Concentration: 5 mg/mL

? Means in the same low bearing different superscriptare’ significantly different (p<0.05).
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Table 12. Effect of y-irradiation on a—amylase inhibitory
activity of Sargassum thunbergii ethanol extract

(unit : %)

Dose of-irradiation (kGy)

Ethanol 71,96+ ZWEENTINAE RSN (1024 2.2 75m69.911+0.32°

Water . B . -

* Concentration: 5 mg/mL

% Means in the same low-bearing différent superscript .are' significantly different (p<0.05).
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4. A Fo] & EEEY aLAHNEA

4-1. Lipase A3EA

2|50 oeke *
A

of pol| A A A

d
of F&AY A& EHS FHst7] st A Fol JdEgs FEE
< n-hexane, chloroform; ethyl acetate, butanol ¥ Z& =4]0]
e &8s o)&sle sxHon BRIBS A9}l R &

m =

2 S FE=E st 3Akste] YERd A S =2 chlorofor
g1Zo] 2327%°9 #H&E HA 71 =2 &S YERowH,
o=

water, hexane, ethyl acetate, butanol

%

(Table 13). 2z} #3855 5 25 2 1 mg/mlL &2 33 F
lipase AsLAAE SHsty. L AI(Table 14), 2.5-5 mg/mL
FEoA water-FimZ AlQstalE e EFEEEY BT &
A S HAY. E3], 2.5 mg/mlL F =4 chloroform F3%E&
o] 63%9] lipase AL dE Ho 7H =2 lipase A& S 1
Bglon, o= xFE&d Hld A sk 38 o4 2l

g0 =2 lipase AMEd S Ueld= E-o| v 2 S 420

ol\
N

LA E Q= dEE ZFE=E Hld H]FAAEmA chloroformeol
2 £E2H7] yFoR AlsdHy. I8y AdEE H|TER s A9
Orlistatel] "8l T4 S kS 2l 23+ Kim 5(2006)2] Ajer

FE=9 lipase A& dS Lot AolM 2FE= 3 £d=9

i
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a—
Sy BIES 5 25 1, 05 2 0.1 mg/mL 352 A3 =

a-amylase A LS FH3StHTable 15). Lipase®t whzk7FA]

2 water@d &S ALl BE B EANA AEE ZFE=E B
=2 348 HYth E73|, hexane? chloroform #3E9] [Csoftol

Z+7} 0.39¢9F 0.34 mg/mL9 k= Eo 0.88 mg/mLe <= e
positive control?] acarbose® Ut} & ICs5atS WERY] FHold «
-—amylase A|EEE 7 AE G5 U ol Ed A=
B T8 EA4 a-amylaseol] H& AMEdS Bl ethyl acetate
8= 9] ICspfte]l 345 ng/mLe] #2 B2l Zl(Lee et al., 2009)%
ARl Aol m | Chois(2008)8] W= F%=9 a-amylase A
242 hexaned} dichloromethane &2 EolA WS ZFE5E
of Hla) < AsEAde Hl A dA = AAE HEHAT.
Asolel B, 2F=EolH]3
53], hexane¥} chloroformol A &2 SAS Heole o=z 1
Hol oy Aol TAHNRE =5
= UB= =49 &=0] &old Zor AtnHY.
H k33

ojateo]l gujH B3 Eo| 3t gAhAHEAS EFs|H A, lipaseH]

AL ol

(o3

==
ML
_] (
e
2
R
in)
s
flo
m (
oX,
o
K
S
A

3| &A L chloroform #&E9| X4, a—amylase A3|&4 L hexane
2 chloroform 8 &o|A =2 AIALAHS HATh AA7A 2
H A ZFol9 AP A EZAo|= chromene AA(Seo et al., 2007),
plastoquinones(Seo et al., 2004), fucoidan(Zhuang et al., 1995)

Zo] Raug v} gt} o] FoA chromene AlY ¥ plastoquinones
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+ chloroform &9 f7]&ue] 2 &&¥&= o=z 4HA ok
mepa] 2 A A ZE e 2509 chloroform wE8EAE °lE
224 FARE Ald e =250 aHe] e Aem Atndn
ool AdE wEor Hojd aAA

a
chloroform E& &9 a4A3 & =429 oo 2% U A2
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Table 13. The vyields of solvent extraction fractions from

Sargassum thunbergii ethanol extract

Fractions yield(%)
n-Hexane 9.07
Chleroform | 7PN
Ethyl acetate 3.10
Butanol 2.96
Water 20.12
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Table 14. Lipase inhibitory activity of solvent extraction
fraction from Sargassum thunbergii ethanol extract
Inhibition rate(%)
ICs0
(mg/mL)
5 mg/mL 2.5 mg/mL 1 mg/mL
n—-Hexane 100+0.07 33.49%£2.36 14.59£1.63 3.75%£0.37
Chloroform 100£0.12 63.23%+2.63 24.77+£2.19 1.98%+0.12
Ethyl acetate 86.90%3.26 51.64£0.39 = 2.42%+0.01
Butanol 45.14+2.98 22.15%£0.96 - 5.56+0.52
Water 5.38%2.66 4.72£0.23 = =
Ethanol 37.37%x1.46 19.32+3.06 16.12+0:39 6.70£0.37
Orlistat 100%+0.23 99.23%£0.85 97.15%+1.21 0.001%£0.002

* less than 5% inhibitory activit

* =; Not done.

_39_



Table 15. a—-Amylase inhibitory activity of solvent extraction

fraction from Sargassum thunbergii ethanol extract

Inhibition rate(%)

ICs0
(mg/mL)
5 mg/mL 2.5 mg/mL 1 mg/mL 0.5 mg/mL 0.1 mg/mL e/
4 83.57 74.60 67.96 63.84 11.78 0.39
nrHexane 41 02 +0.63 +0.23 +2.03 +0.24  +0.02
Chlorof 89.01 87.03 83.18 73.56 23.79 0.34
orotorm 4 3791 +1.17 +0.69 +0.32 +2.36 +0.00
Ethyl 88.28 88.01 70.59 56.12 12.44 0.45
acetate +0.14 +0.89 +1.14 +1.28 +1.69 +0.01
Butanol 85.25 82.70 7205 54.15 1441 0.46
utano +0.18 +2.21 +1.23 +0.98 +1.82  +0.01
16.42 ~
Water +0.21 B
Ethanol 69.29 58.81 34.95 20.12 B 2.30
ano +0.70 +3.64 +2.63 +1:03 +0.17
Acarb 73.87 74.88 57.01 3848 12.85 0.88
carbose 4902 +3.78 +3.70 +0.36 +1.23  +0.06

# less than 5% inhibitory activity

* =; Not done.
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