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Abstract

In order to search for the way to utilize rice hull as a renewable resource, the inhibition on o-glucosidase and
the fractionation of rice hull extract was investigated. An ethanol extract of rice hull from Japonica-type rice
seeds exhibited 30% inhibitory activity on rat intestinal brush border a-glucosidase (1.4 mU/mL) in vitro at
the concentration of 0.8 mg/mL using 6 mM p-nitrophenyl o-D-glucopyranoside as a substrate (IC,, 162 mg/
mL). Among the fractions obtained by partitioning the ethanol extract successively with solvents, the ethyl
acetate fraction at the concentration of 0.8 mg/mL was found to exhibit the most potent inhibitory activity i.e.
65% inhibition of o-glucosidase (IC,, 0.14 mg/mL). Silica gel column chromatography of the ethyl acetate
fraction exhibited slightly higher (90%}) inhibitory activity, and its subsequent fractionation by Sephadex LH-
20 column chromatography did not improve inhibitory activity. Considering the inhibitory activity and yield,
the ethyl acetate fraction obtained by the solvent-partitioning process would be a candidate for the hy-

poglycemic food if it has in vivo effectiveness.
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$o 2GRS $FO2H AF YIHEE

Al 6}21—‘.—:- X3 g-amylase A A 5E] 17} A2t
o}, dFHE2 g-amylase A A S oz
AHE-E = FA47F qlgdc). b o-glucosidase # 304
= AR} ol FF Ao 97 AF dedibs S oA
shedlol ccamylase 2o} o FolHolm zgalr) 4
oh Sh, Ae £ A F2 olol okl 2A
AR A AN EaRe) 23 el 2Als)
+ oligosaccharidasest= FF2A 02 Y| 7} EFAZ
FA4=lo} gleh. &
maltase complex, trehalase, glucoamylase complex2] v}
7He] EgtAeolc). 2 & B-glucosidase complex= lac-
tase2} glycosylceramidase 2 -4 Eo] glo, B-glu-
cosidic bond & 7=l gheh. o R] Al JHe] H3tA]
= a-glucosidic bond&* 7}=2-33kct. 12} HelAt
22 Habol] £)3]+= ZE oligosaccharidases & o-glu-
cosidase2t 1 Z| X%} o-Glucosidase= 712 Eo]%]
.2+ maltase, sucrase, glucoamylase, isomaltase, lac-
tase 502 FAE Bitg B £x gl dHgr)s]
A2 Ao sulfonylureas A E2] 33t ot
2], a-glucosidase A &) Al &= ol&3 o] $u]E s A]A
A0 olwe] v]|9&y i #xle] odwyl ¥nle
S ¥EAF) = olFoe] o). = a-glucosidase #] &) A +=
i el EuAsE nEe S0
o) <&) & Z(hyperinsulinemia)g- & ©.7)#] g},
HAW7 A a-glucosidase A s Aof] gk AF= F2
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AET ZdsA|uh, oL |2l Rg o Majel BE
2 tAgo] FAE S Ak, A Toll= AW S ol
2 A8 5 e e AEld AEAE 7
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2R o-glucosidase * &l A] £-2] #-3] Zof ha}e] of

Fahairh

B-glucosidase complex, sucrase-iso-

}-J

Of

HE 3 2

# ~RtMato 2 9 E| a-glucosidase2| 22|
L H =2 AE|(&A), S8 )ol| 4] Sprague Dawley

rais 7 45%E PG F AW 1Y AR AHgst

o AFo] 2} 200 g = Rhinehart 5*2] ul=l-&- w3
ato] o-glucosidase s #2]313ict. & A& 16417 A
A Al A A diethyl ether & v A7) 3 4£AHS AR A
Nated Reld el F3 A=E Fel2 Fo] msich
Zopxl Futell sul(wi)e] 0.5M NaCl, 0.5 M KCl, 5
mM EDTA (pH 7.0) £94-& 7}3}] Potter-Elvehjem
homogenizer (Wheaton Co., U.S. A& 5E7F 74 5st
F 20,000 goll A} 3087F YAl Helslgdct Ao e}
EDTA £94& 7hs}e] Al eelshe g 34 W
sto] o3& Aol 5ule] 0.9% NaCl £4& 7}5t) F
A s F 1,000 gol| A 3087k A ¥e]Ele] A& A
Zde F oo shgdr} o] EAUE -70°Coll BT
&} A a-glucosidase & sl &4 2] =3 o) A}4-3+ic}.
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g}t 2% o-glucosidase & 14mMe] ztzhe] 7)1A
(maltose, sucrose, isomaltose, lactose, trehalose; Sigma
Chemical Co., U.S.A)#} 37°C, pH 6.004] 60%- Eqb
HE-S-4]17] & A FEvre glucose oxidase/perox-
idaseE ©]8-8F assay kit (Boeringer Mannheim, Ger-
many)E AH&Ete] FA sty AaggdS AAabslddo
ozb B A 1units AR 1359 713
Faljahes Eanef ko % 959ict. p-Nitro-
phenyl o-D-glucopyranoside (Sigma Chemical Co., U.
S.A)E 71A & 3 a-glucosidase 4] = &7 319},
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FEE ‘i—~l F8E5-& pH 5, 37°Cell 4] 10&7} preincuba-
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7hateq 37°C°1| A 3087F 9EEA|AA 100°Cel| 4] 38-7E
2] ¥ 0.4 M Glycine buffer (pH 10.4)Z 713} & 941
el F 400 nmﬂl*ﬁ FEEE SAs¢c &A 32
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1 nkg-lof @/}6}M~U1 2h-&-A| 7t Foke] §oEwe]
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At F4A Autez¥e] Feld o-glucosidases Hb
A7 308 Fo| FAEs} 1.0 HErt HEE 50 mM
sodium acetate buffer (pH 5.0)2 3]X3}ed AlL-3s}qict.
AREgE 712 9] T 6087} a-glucosidases} uH-g-31
o o]z = FB5 e} vk 7kae] WA ) dRAE
o] FEE A3t ARl DMSO+=  a-glucosi-
dase_o,] %U}jo]' o:la‘LQ_ Zx] oL\‘: Ei B‘_F%O_‘,]o{] 7_%]7}_
skt

27{2| ethanol &

olnbA] v o] A€ (dehulling)ol] 2] 5}e] HrayEl 247
& AR Fdol HrEAkE]l, AR 2R E &
o)A 4°C YA BastdA Al Algshsich
Jd=jeke] 9k E A2kg & round bottomed flaske] 3
3 Al 852 5uf(wi)e] ethanol& 7}ela FWr) &
Zx)5to] heating mantle2 7hdshHa 37k ok
23] 257 F o} 3}=|(Toyo No.2 & 4)Z o #3}gict.
o] g §sted 21-3-3)4 5% 7| (Buchi RE121 Ro-
tavapor, Switzerland}g A}g-3le] b3 A7 3 3}
8k 719t desiccatorol| A 7 3Eke] &8 AxkSE &

A gge 2kt

27 ethanol FE2E2%H a-glucosidase o CHEl
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27 ethanol &8 U gke] 200 (wv)e] £
£ 7hste] e F Bfod ol Wl FFa2t
2¥2] n-hexane-g- 7}8}od 21E 3}04 H}=] ‘]ﬁ =83}
t}, n-Hexane (3 A] A&
of thA] F=F2] n-hexane-& 7}%}01 Eae EJ
Fatsirt. vHA1 % n-hexane3& F53191 &
2} ofo] A2} ¢1& wW7bA] = n-hexane 3] A2
Aol wj7zpz] £-&3seict. Chloroform, ethyl acetate, n-
butanol-& 72t A o2 spstel BEaieict. 77
o] B3d L& 7hsirixsie] 48 S skgch

o] El®l ethyl acetate ¥3E 10 g2 meth-
anol 30 mLel| 3o 30 g2 silica gel (70~230 mesh,
Merck, Germany)3} &7 412- 3 methanol& 73]
FMhA)A ethyl acetate 33 E-o] silica gelol] F2H=| 7]
sksich %2 column (5.5 70 cm, PTTE end plate %
Zhye]| silica gel 600 g-5 chloroform &2 41 F41 4]
71 &, okx] Fu)3l ethyl acetate F&E-& silica gelol]
F24)71 Z1& chloroform o2 §EHEle] AFZHeof
spoid 2 $218l9it}t. 8&-2- chloroform/methanol=99/
1, 95/5, 90/10, 80/20, 70/30, 50/50, 20/80, 0/100 (v/v)
& 7b7} 2000 mLY ExA e o £EES S
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Rice Hull
| Extracted with ethanol,
refluxed
Ethanol Extract
| Suspended in water
[ I I I |
n-Hexane Chloroform Ethyl acetate n-Butanol Water
l
| Silica gel column
chromatography
| Eluted with chloroform/
methanol gradient
Chloroform/methanol= 90/10 fraction
| Sephadex LH-20 column
chromatography
| Fluted with methanol
/ I |

Fraction 1  Fraction 2  Fraction 3

Fig. 1. Fractionation of a-glucosidase inhibitory activity
from rice hull extract.

mL% ##3le] TLC plate (Silica gel 60 F.i, Merck,
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methanolel] ¥EHA]7) Sephadex LH-20 (Pharmacia
Biotech AB, Uppsala, Sweden) column (3.5 x 45 cm)e]]
loading A7) % methanol2. §FA17]=4] 1 mL¥ #
&} TLC plate (Silica gel 60 Fyi, Merck, Germany)el|
HANAAX frAFRE patterng- 3}o] ZHglgEsted A
Y-S AAsA o] %7 ethanol F:EE-9
&7 Fig. 1ol vbehfigich
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¥ o-glucosidase S 438l B3 S2 iy zhzt
ek w3 RE BYAEL] 4L BF SRR
£ ¥k} o] AAYE 70°CAM 2HY7 #A
9] A&7t glod e, ez ekl 2.0 mg/mL homo-
genate o]git}. Zbzke] 7]A (maltose, sucrose, isomal-
tose, lactose, trehalose, p-nitrophenyl o-D-glucopyrano-
sidey& AH-g5led &A1& 243 A3, maltase] ¥| &
A&7} 1.5 U/mg protein© 2 sucrase 0.35, isomaltase
0.4, lactase 0.05, trehalase 0.2, o-glucosidase 0.05 U/
mg proteine]] v}&}o] £3kcl(Table 1).

o-Glucosidaseol] dj gk A ]88 H Y7ol 9ol
t2hel 71A& Abgsled zbzhe] Ao oigh A
2 ¢ glon), "AzkA] 433 AHAE
b Rhol Uiz Al woll= Aol7t AsAlRtE
g 71de dabe R 3 FAmbgukg AEshe

ol )} p-Nitrophenyl a-D-glucopyranoside&-
2 % EWgE e A% vhE S1Ae
= Azl o] dubAo]7] w el B ol
A& p-nitrophenyl a-D-glucopyranoside S 713 2 5}
o-glucosidaseol] gt A &84S A3} o-Glu-
cosidase2] &A1 pH 6.0014] ZHho|x]|uH'" pHI} &=
o}z]w p-nitrophenyl @-D-glucopyranoside®] nonenzy-
matic hydrolysis”} Z7}3t2 2, F-A| ¥ 3-8 AA 3
7] ¢)8te] pHE 5.022 39ic)t. pH 5.0, 37°CellA]
a-glucosidase®] 608-712] Hb-g-FAle] AAe] =HEE
&4%2] 3]48]43} pnitrophenyl o-D-glucopyrano-
side®] ¥ =& A3l ch(data AJ ).

YAFEE @ FHEL v A 25 EHEA
o] A =x| ¢t7] wjFoldimethyl sulfoxide (DMSO)
ol §-alste] Al FAsct Ax w3l
DMSOE #Hrisld m40 E4de] 43k uks + 3l
7] w &l o-glucosidased] FAJol] F3ke FA| Y=
DMSO®| Hrbexs F3 vt $A 2 3= Table
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Table 1. Enzymatic activities of rat intestinal a-gluco-
sidase

o A9 dgg FA ehokeh 282 BANN
A% 22 /P5e o Fol] sk BagAl o
g 57 she 71 Ee $E9 40%2 AP

a-Glucosidaseol| CH3t X si& A

97 ethanol $£ZE9 14 mUmLe i3t
o-glucosidaseol] ™3 %] 8] £.3}2 6 mM p-nitrophenyl
o-D-glucopyranoside S 7| A 2 &l 3]3S 2]
A= E A4 a-glucosidase A3 A| Q] acarbose} 3
7 Z438le] Table 3ol tellisich. 97 ethanol &
& 0.8 mg/mL2] F%olA] a-glucosidaseE,30% * 3l
3t 2™ acarbose e FEollA] a-glucosidaseE
76% A slEtRct. 1.4 mU/mLe) FHA2A-E 2 a-gluco-
sidaseZ 50% A f|5h= A A2l 5= 97 ethanol
252 7$+= 162 mg/mLolgl 2, acarbose+ 0.04

mg/mLo| et

2749| ethanol F&
7R AN E R A deE o-glucosidase A 3l

Table 2. Effect of dimethyl sulfoxide (DMSO) concen-
tration on o-glucosidase activity"

Enzyme Activity”
Maltase 15
Sucrase 0.35
Isomaltase 0.4
Lactase 0.05
Trehalase 0.2
a-Glucosidase 0.05

"One unit is defined as the amount of enzyme that hydrolyze
1 mole of substrate per minute under the experimental con-
ditions.

Concentration Volume 2 3
of DMSO of DMSO AAbS'“’g‘(’ ;/g(‘)’;bs"’""“)
Te(viv) uL

1.0 5 98.0

2.0 10 101.0

3.0 15 100.0

4.0 20 98.5

5.0 25 93.3

6.0 30 89.5

10.0 50 74.3

"Volume of total reaction mixture was kept constant at 1.0
mL.

PAADbs.puso means the difference between absorbance in
DMSO-added reaction and that in its blank.

“AADbS. ., means the difference between absorbance in buf-
fer-added reaction and that in its blank.

Table 3. Alpha-glucosidase inhibitory activities of the
ethanol extract of rice hull

Inhibition (%)

. 3)
Samples {l;:)ll‘)i Concentration (mg/mL)” 1Cy
0.01 01 08 mg/mL uM
Acarbose” - 38 58 76 0.040 62
Ethanol extfact 2 14 24 30 162 -

"Weight of evaporated ethanol extract from 100 g rice hull.
“The final concentration in the reaction mixture.

*The concentration which caused 50% inhibition of rat in-
testinal o-glucosidase activity were calculated from regress-
ion equation.

“Molecular weight of acarbose is 645.
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AL FSEAZA 484 3pgtEolnt. A6 7)E
9 84 HIAEe] Fie] %IE VFeAE AHE
317] 915le], FAE B2 FE3S o 8ol A9
0% 1A oc-glucos1dase ANBA]E —%ﬂg sk
(data AB2F). 1WA At FARNE 7P 8] ¥
2 EFEESYET %l~ 4o g A=) 2 sl
dubd o2 FEsle] A& 5 gl= FEEY el 7}
L& FEE el o2, A 8S 80% 7
LA o 2ol o2 21A3] percolation A]7]E B L
2 el ook vt A|8E 3] percolation
A7)7] el we A|7te] AQEER Be okl
2288 7] Y3lede £F Azl 72 Aol {2
3t wpeba] B FE o4& heating mantleZ 32|17}
4 rdspA FEshe ubiS Adsialct Uuby
02 AlZAEEL 80% methanol S-Bol] 2 L3 =7}
714 o). ey} 97): 80% methano! 4243} 80%
ethanol §- 02 F&3 A$-E v|u3d S o $&
o) xo)7} gladth. = 80% ethanol SAF 100%
ethanol 2 2&3 792 v|2dlgdS = S8 A
o7} ¢lxith(data ). o)Abe] AAE FHsl £
A& o A= ethanol-& AR4-5he] &5 wbE-S A=Y

ahodeh.

217 ethanol £E2225E o-glucosidase X{sia
22 2%

937 2] ethanol %82 a-glucosidaseol &t 3}
o] 71&2) deyAl A s Ale] acarboseo]| v} &=
A3 & Ao 2 HriglvKTable 3). 121} crude
extractd] 7%= BN F55] = Ho] ohr ¥
FANEE o FhEle] sl7]el ethanol FEEE
235 (Fig. 1) Asi8A-E FA3titl. n-Hexane,
chloroform, ethyl acetate, n-butanol& A}-&-3}ed =214
o7 B33l Fo| a-glucosidaseol| HEF A BAE
ZAFsl9] S w n-hexane -8 -E3} chloroform ¥-3&

£ 0.8 mg/mLe] FEellA 7zt 3%} 5% A& &A
& ¥9g] o ethyl acetate ¥ -2 65%, n-butanol -
HEL 34%, T FYEL 28%9 AAPA4E Byt
(Table 4). t}Al 7]2] E3]-5 Fol|4{ & ethyl acetate &
3 Eo] AaBAdo] 71} Zgkowm, 53] ethyl acetate
EHEL cthanol FF L v|ste] LA 2A
27135149k, = 6 mM p-nitrophenyl o-D-glucopyano-
side 2 A]—%-U]' o-glucosidase HH3-&- 50% A s} sl= &
%7} ethanol &2 162 mg/mLeld] v]3}e] ethyl
acetate 23] 52 0.14 mg/mLo]git}. o] 2 HE] 979
ethanol %ol o-glucosidaseol] gt VZ*] GRS
ehiAl e 4REE BhEle] slek M, o
315]’ B8 ARELS Lo B3 o]}e] A7 =]
4 Qlth= A& o & %ok n-Hexaneoll= F2 7|
b, 924, A, sterol So] £&=9, chlore-
formollv— alkaloid, Biv3A|, 42|, AEM 4 o] £&
==, ethyl acetateol}i= flavonoids, tannin 52| poly-
phénols o] 8251, n-butanolel] = A EFAUE
o] Al o]z} B Ao Azl o|3lw %A
ethanol =222 23)¢| ¢]3lo] n-hexane £33 E3
chloroform 2322 okd o 2= | R5(63%) ]3] 5]
2]t -glucosidaseel] & a3 71| qAglch. °l
AL Holx A AJ¥ol A, o, A, sterol T2
ohd-& AJAKgkc}. = n-butanol & E3} & 2
o

985S
o-glucosidaseol]l tHE sl &tAdo] vl-$- F2 7z}, &
W72 Dy 2l o-glucosidase # s} # Q) 5= A7} of
S 8ol =L g zIsid Y9 o-gluco-
sidase A A EL ol9} e G EEial= op] 7o
A"k

gl 23 B2 o 2 o-glucosidaseol] tHgh =3 &t
o] 714} =& ethyl acetate 28 E-S v |3}t7] ¢
3le] 2] stepwise gradientol] 2|3} silica gel column
chromatography & Al3jatedch. 2 Z3= Table Seff
vehd e} 7o) chloroform/methanol=90/10 #3%

\1r-{t:

_s.

Table 4. Alpha-glucosidase inhibitory activities of solvent-partitioned fractions of rice hull ethanol-extract

Inhibition (%)

Yield (%) - 1 2)
Fractions Concentration (mg/mL) 1Cs
. mg/mL
From ethanol extract From rice hull 0.01 0.1 0.8
n-Hexane 42 0.8 - - 3
Chloroform 21 0.4 - - 5
Ethyl acetate 31 0.6 27 48 65 0.14
n-Butanol 5 0.09 17 28 34 40.7
Water 1 0.02 16 23 28 2187

YThe final concentration in the reaction mixture.

DThe concentration which caused 50% inhibition of rat intestinal o-glucosidase activity were calculated from regression equation.
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Table 5. Alpha-glucosidase inhibitory activities of silica
gel column-separated fractions of the ethyl acetate frac-
tion

Table 6. Alpha-glucosidase inhibitory activities of Sepha-
dex LH-20-separated fractions of the fraction chloroform/
methanol=90/10

Yield(%) . Yield (%)
Fractions" — Inhibition - Inhibition
ractions From ethyl  From rice (%) Fractions™  prom fraction  From rice (%)
acetate fraction hull 90/10 hull
Chloroform/ 1 21 0.06 25
methanol (v/v) 2 63 0.19 88
9911 0 4] 0 3 16 0.05 20
95/5 0 0 0 "The final concentration in the reaction mixture was 0.8 mg/
90/10 70 0.4 90 mL.
80/20 10 0.06 39
o X 0.03 : 7PsAde) Fedl, dubdoz 4129 polyphenols
20/80 2 0.01 0 Aot wkgsie], Al F 5 849 SolHe
0/100 10 0.06 0 2 ukesl=uf & v = glulaly) w)Eo|do g ul

“The final concentration in the reaction mixture was 0.8 mg/
mL.

o] 0.8 mg/mLe] Fx oA AalEdo] 90%=ZA
2] B EEo) vlste] HadAe] Eghom of Al
HAE= 28 5] ethyl acetate £33 Eo] vjehd
65% Hrd 2718 Zle|ch. Asjdd7 t]Ee] ethyl
acetate FYEZRE S FEE T0%EA o9
ethyl acetate -2 E-0] o] i =] ¢l

Sephadex LH-20 (exclusion limit about 5000} A] &
2x¥ 382 9 nFg B4l AAe 53] -85
t}??. Sephadex LH-20 column chromatography 2. frac-
tion 90/10-% fraction 1, 2, 32 B3&3}giL v 0.8 mg/
mL2] sXol|l4 fraction 1-& 25%, fraction 2= 88%,
fraction 3+ 20%2] #8418 ¥ c)(Table 6). o] F
2E] 27 2] a-glucosidase A 3NA] E-2 Art BA}ske]
5000 o]z}e)n], Ez2F 1000~2000 o] 8}2] B3} &
Qe opd How 2R

ojate] AR NE] YA ethanol FE22 FHH
A at g-glucosidase Z in vitrodl| 4] #&l|3}adc}. o}-&2
97 ethanol $5-8-2] A A Aol o}Z a-glucosidase
o gk A PA S Advnd, WA g aF
4 SEoln AEAte) FhEAE opd Aoz
HEo], A2 7 2 Lo 3ol osle] A slEAge)
A 2718l 8- 72 o ethyl acetate 3] 5
& AW "AselA AR ol &3l o] o
o] 1o}r} Akl $-4-& wed ¥ qhstela bk

2 el ol Al o
sidase & SelH o2 Aaste ZelA] F2 o & R4
5 Asfsheal g gobllels AR o4 gk
ch. 979 o-glucosidase #] 3 A2 Sz o=k
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