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Abstract

In the current study, we investigated the inhibitory activity of water soluble [3-glucan from oat (Avena sativa) against
various digestive enzymes such as a-glucosidase, sucrase, maltase and glucoamylase.

Inhibition of these enzymes involved in the absorption of disaccharide can significantly decrease the post-prandial increase
of blood glucose level after a mixed carbohydrate diet. The B-glucan had the highest documented rate of small intestinal
sucrase inhibitory activity (2.83 mg/mL, ICsp) relevant for potentially managing post-prandial hyperglycemia.

Furthermore, we evaluated the effects of [3-glucan on the level of post-prandial blood glucose in animal model.

The post-prandial blood glucose levels were tested two hours after sucrose/starch administration, with and without [3-
glucan (100, and 500 mg/kg-body weight). The maximum blood glucose levels (Cmax) of [B-glucan administration group
were decreased by about 23% (from 219.06+27.82 to 190.44+13.18, p<0.05) and 10% (from 182.44+13.77 to 165.64+10.59,
p<0.01) in starch and sucrose loading test, respectively, when compared to control in pharmacodynamics study. The [3
-Glucan administration significantly lowered the mean, maximum, and minimum level of post-prandial blood glucose at 30
min after meal.

In view of the foregoing, it is felt that our findings suggest that 3-glucan from oat serves to reduce post-prandial blood
glucose rise secondary to slower absorption of glucose in the small intestine, via carbohydrate hydrolyzing enzymes
inhibition.
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2. Rat small intestinal a-glucosidase Xa{EAM £

A F Y OFERIA A AARE A7 5AEY Ts
4 Al@7rol=of AAE B M E5Ho] a-gleucosidase (EC
3.2.1.20) A& &A5tETE a4 = rat 59 intestinal
acetone powder(Sigma-Aldrich Co., St. Louis, Mo., US.A)E
AR5 A, 71382 p-Nitrophenyl-a-D-glucopyranoside(pNPG)
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3. Rat small intestinal sucrase, maltase, glucoamylase
Maligtd 24
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A Ald7tol=of AA|E v W3 SHo] sucrase, maltase,
glucoamylase®] A3 T4 RAYT. B rat 9]
intestinal acetone powderE ARESIH L, 7] sucrose, maltose,
starchs ARESFETE Rat intestinal acetone powder 100 mgS
3 mL9] 0.9% NaCl &Mo]] H7}3+ & 30%7F 123] ice water
batho]| 4] sonicationd}3Z, 10,000xg, 4 Co| A 30E7F ¥4 Eg
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4. Rat starch/sucrose loading test
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Fig. 1. Dose dependent changes in rat intestinal a-gluco-
sidase inhibitory activity (% inhibition) of B-glucan. The
results represent the mean+S.D. Different corresponding
letters indicate significant differences at p<0.05 by Duncan’s
test.
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Fig. 2. Dose dependent changes in porcine pancreatic a-
amylase inhibitory activity of B-glucan. The results represent
the mean£S.D. Different corresponding letters indicate sig-
nificant differences at p<0.05 by Duncan’s test.
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Fig. 3. Dose dependent changes in rat intestinal sucrase
inhibitory activity (% inhibition) of B-glucan. The results
represent the mean+S.D. Different corresponding letters in-
dicate significant differences at p<0.05 by Duncan’s test.
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Fig. 4. Dose dependent changes in rat intestinal maltase
inhibitory activity (% inhibition) of 3-glucan. The results re-
present the mean+S.D. Different corresponding letters indicate
significant differences at p<0.05 by Duncan’s test.
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Fig. 5. Dose dependent changes in rat intestinal glucoa-
mylase inhibitory activity (% inhibition) of B-glucan. The
results represent the mean+S.D. Different corresponding letters
indicate significant differences at p<0.05 by Duncan’s test.

ZE B3] A|at-F(starch hydrolyzing bacteria)2] A] 14-7(] S
2 I EE olikeletAot Hgke] o3t A o=, A5t ?;3%
A AAA AE Al 728 B S8l a-amylaseoﬂ gk
AL i1, a-glucosidaseo] T3t AL =L A|E
HEFRe Ao deiA ckKim 5 2011). wheby] Wek2
2710l AL, a-amylaseo] ot ATAHL e v, a-
glucosidaseo]] T3t A AL T EE&F O F o}, HAL
Agol B9 5 o2 ARHt

olbe] ATk Zzke] EAM 50% AES 2 Weh2
2710] = 2(ICs, mg/mL)2 A2 3FH Table 13+ ZHotc}. 2]
W E-ZFE 719 AL, sucroseS E3)|3l= sucraseo] tEF 50%
inhibition concentration(ICso)Zt©] 2.83 mg/mLZ 7} 943
AL o % Y9tk oliet AT WeL-2RTIo] AT

itk Ao Asdhe Ao R Qg EdsAA ol

E8% F 45 U2 AL Yujsiu, ol 25 AXNARAES
53 398 4 9 Ao= Azg

2. Rat starch/sucrose loading test

27 ) §rute] Ao £A5H= E42 a-glucosidase
S 43tA)7)E Bdolth o] il @
corgst ge OlE*EE AHE B9 2FoIM BIRE &
A717] B Zel, F5F & @S AR 1guE &
& W a-glucosidase®] B2 JAXNA F+E & e 2=

Table 1. Comparison of inhibitory activities (ICsp: mg/mL)
of oat B-glucan against rat intestinal a-glucosidase, a-amylase,
sucrase, maltase, and glucoamylase in vitro

a-Glucosidase a-Amylase Sucrase  Maltase  Glucoamylase

<10 <10 2.83 <10 <10

ol ARt F+= Zo] LI 2HEEFTE M7=
83 92 3ttt wakA in-vitrod| A9 2A4F7HE B3
2% U a-glucosidase A ZAS HAESE A2 HEeERZE19
A AR E FEEDA B718t7] 3l Sprague-
Dawley(SD) rat& ol &-3t0] F12] Weh-227ke] 4% e 7t
A aas Z:z—]s].od on, A= Fig. 6 ¥ 73} Ztch

A2 HELZ2THS starch & E35te] AT Eo] T 052
hrs 5<¢ & o% 243 A3}, A3 30 Fo control+(212.06+
300 ——Starch 2.0 g/kg

— & f-glucan 0.1 g’kg
——B-glucan 0.5 g’kg

250 -

Blood glucose level (mg/dl)

* 0 l‘ 2 3
Time After oral administration (hours)

Fig. 6. Changes in blood glucose level after an oral
administration of starch with [(B-glucan to SD (Sprague-
Dawley) rats. After fasting for 24 hours, 5-week-old, male
S.D. rats were orally administered with starch solution (2.0
g/kg) with or without samples. Each point represents mean
+S.D. (n=8). Different corresponding symbols indicate sig-
nificant differences between control and treatment at 30 min
by unpaired Student’s #-test (" p<0.05, * p<0.01).

250 —+—Sucrose 2.0 g/’kg

B-glucan 0.1 grkg

—+—f-glucan 0.5 grkg

Blood glucose level (mg/dl)

P : : ;
Time After oral administration (hours)

Fig. 7. Changes in blood glucose level after an oral
administration of sucrose with B-glucan to SD (Sprague-
Dawley) rats. After fasting for 24 hours, 5-week-old, male
SD rats were orally administered with starch solution (2.0
g/kg) with or without samples. Each point represents mean
+S.D. (n=R). Different corresponding symbols indicate sig-
nificant differences between control and treatment at 30 min
by unpaired Student’s t-test(" p<0.05, ~p<0.01).
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35.3) HiH] 0.1 gke-body weight(175.17421.29)(p<0.05), 0.5 ¢/ T+ 37 A3

Al, 27 U e B8l a0 AE st
kg-body weight(170.33£14.25 mg/dL)(p<0.01)oA s&= 9 o, o]2 Ea) 4359 2
o)

A% @9 oo dAlste Ade

EHOR o 17-20%2) AF BF 45 A AL L Y 4 AU, oI A81HL VTR F4 A
4= 9lgith o]& Als A|7F ¥ dAkSsolA| gk ok Z Q1% Z+Z ] A|$HCalorie restriction)S E3f o]o] X = X]
X BAE +UT Table 20142} o] Tmrre] WEAT W WA A A4 W DB A BUF SAAT| £8E

FE(Cmar)= A7 HEL-SFFHE Fofg oA 190.44+ £ 7 UE Ak Aotk
13.18(p<0.05)2 Cmax ko] ojH o2 tasthm, A3

T Y7tR] E28t= A 7K Tmax) E3F 30~40% A o2 Qo gl H=
AN A& & 5 ATk ol2Et At HE 27 Y &

+3HE ol aaAE S0 A5d HER-ZFe *éHﬂ HELZE7Me 2rgho] B-13 AT FAle g E3H ot
SERIIME faSHA HE 2% EP*%TﬁﬂE FE A5, B4, 2R 5 uBEY Az, Az

g
A Begro 2 AAtEs g felo) ek
Fboh 03, ASjsh OE T oldfAN 28 92
1 otk 0|5 WEL2R7ke] o

g Z
Aeote] EtF o R S W3, gBrdHE 4SS E Q] o
A AAAZ AL ou|slit}. = o

st A7) HEk-ZFES sucrose®} E3EHY] AL Bo & g ol

0.5~2 hrs 5 @32 &A1, I 23, A% 1471 Qg =z —o]”?:l' 9 W) SO 2A ThoFst BT
Control +(182.58+15.01 mg/dL) tH] 0.5 g/kg-body weight 7} ol2ol T gtk w3k, TR AHSEE Ao}, gk
Eo]3(154.67+11.16 mg/dL)(p<0.01)0| A F= SJEZ O =7 oF 24 7)o BAS =EEE BET oid, 2
16%2] A& ot A58 A5 AL & 5 AU Table S Mo Butz A BEs We2agie] Zas|d 1
3 oA} o] 2=te] FFH I F=(Cma)s A2 HE- mo 23| AskH oz, Waket 227 A AA|7} o] 2o]] 7|
FF7E 0.5 gkgbody weightS FoIgh oA 165.64+13.18 k3l Q) AlAolch weby B dAfoAe A2 439 £§
(P<0.01)Z Cmax gko] AR OF 10% AL, A5 A WElZ ke e AHEAH L vutzdo] B
3 G7tA] =Est= A ZHTmax) ET 12~44% 523 7| AS FH7] s, wE-Z 270 AHHAAL ©
02 A9 A7l AL & 2= QIct 0|3t AE =3 AE 2y 2H2 gAFe] ALY iAbe] shtel ekstETate] o

AF 5 94 9 FAA 5antel FABH A H o U AL AHE AL, oS BEBlEO] ABES

MNE ATHOE B F4B Aot AL FAT = o o] AN A B AT F2 229U FAS)
sloich Sl8) 4 W) gmutel] EAIste] olgR o4 BotE &
olo] An 7Y Weh-ZRIY I AE BB o] Polsh AukFRIATolA] EAQ sucrase, maltase,

Table 2. Pharmacodynamics (PD) parameters in SD rats after administration of 3-glucan and starch ingestion

Cmax (mg/dL) Tmax (h) AUCt (h*mg/dL)
Control 219.06+27.82 0.63+0.23 503.91+35.49
B-Glucan 0.1 g/kg 192.72+12.65 1.06+0.39° 476.19426.69
B-Glucan 0.5 g/kg 190.44+13.18" 0.89+0.22" 477.36+30.46

Each point represents meantS.D. (n=8). All parameter were compared between control and treatment groups by unpaired Student’s #-test

sk

(" p<0.05; ™ p<0.01; and " p<0.001).

Table 3. Pharmacodynamics (PD) parameters in SD rats after administration of 3-glucan and sucrose ingestion

Cmax (mg/dL) Tmax (h) AUCt (h'mg/dL)
Control 182.44+13.77 0.88+0.23 467.91421.57
B-Glucan 0.1 g/kg 174.9249.13 1.00£0.55 463.02+25.74
B-Glucan 0.5 g/kg 165.64+10.59™ 1.57£1.10 445.75+26.53"

Each point represents mean+S.D. (n = 8). All parameter were compared between control and treatment groups by unpaired Student’s r-test

sk

(" p<0.05; ™ p<0.01; and " p<0.001).
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glucoamylase®] &/l u|X| &= Hel-ZF 1] A& E =
AL g A, wel-2F ko] Ao Bl groll Tefdte su-
craseE AIH O AfstaL, HEL] A&3tggof Bofsl=
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