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Inhibitory Effects of Four Sclvent Fractions of Alnus firma on a-Amylase and g-Glucosidase, Hye
Jung Choi, Yong Kee Jeong", Dae-Ook Kang® and Woo Hong Joo™. Interdisciplinary Program in
Biotechnology, *Department of B:ochemlstry and Health Sciences, *Department of Biology, Changwon National
leversziy Changwon 641-773, Korea, 'Department of Biotechnology, Dong-A University, Busan 604-714, Korea,
*Department Cioinstitue, MILLENNIUM PROMISE CO., LTD., Gijang-gun, Busan 619-962, Korea - Tn this
study, we investigated the inhibitory effect of four solvent fractions of Alnus firma on a-amylase, o-
glucosidase and aldose reductase activities. The inhibitory test showed that methanol (MeOH)} extract
and hexane (HX) fraction strongly inhibited pork pancreatin and salivary s-amylase activity. The MeOH
extract and HX fraction of Alnus firma at the concentration of 4 mg/ml inhibited more than 70% of
pancreatin and salivary a-amylase activity. The inhibitory effect of fractions has different specificities
against ¢-amylase from pancreatin and salivary. In addition, the MeOH extract and butanol (BuOH)
fraction showed the highest inhibitory activity on yeast a-glucosidase at values of ICs 137.36 pg/ml
and 115.14 pg/ml respectively. The MeOH extract and BuOH fraction showed the highest inhibitory
activity on yeast g-glucosidase than commercial agent such as 1-deoxynorjirimycin and acarbose.
Inhibition kinetics of solvent fractions showed that a-glucosidase has been inhibited noncompetitively
by the MeOH, EA and BuOH fraction. The aldose reductase from human muscle cell had been inhibited
strongly by the MeOH extract and EA fraction at 57.996% and 83.293% at the concentration of 50 pg/ml,
respectively. These findings may contribute to biological significance in that e-amylase, a-glucosidase
and aldose reductase inhibitory compounds could be used as a functional food and a drug for the
symptomatic treatment of antidiabetic disease in the future.
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AP 7 & £8& 7] A3 F2 F AA
& Al R 100 goll 99.8% methanol (MeOH)& #7138 & A2
oA A & 447 S 33 §hE 353}o] Whatman o
A No. 5AZ o Fs4ct. AP Y& rotary vacuum
evaporator (Ratavapor R-121, Buchi, Switzerland)2Z 7Z&
Z5to], ApE2 gt o MeOH 388 23t o] #:2&
& 7 §ojd2 B85l hexane (HX) &, dichloromethane
(DCM) %, ethyl acetate (EA) 3 28] 1 butanol (BuOH)
L2 47t §of) EHsta 7 & A% 5F F 32U A
TBE BEo ARE AHAT

a-Amylase Maligd

Pancreatin -2 ] a-amylase (Sigma, Mo, US.A)9} hu-
man salivary £-2}¢] e-amylase (Sigma, Mo, US.A)ol| ©] 3
Ao & & starchg 7| AR 3o SAH3IHPD14] TEEE
4%zt §uf 23 40 pl9} 1 unit/ml9) g-amylase &4
o 100 pl$} 1.0% starch 100 plE E8}ate] 20°Col A 387F
preincubation ¥ ¥, 96 mM DNS (3,5-dinitrosalicylic acid,
sodium potassium tartrate in 2 M NaOH) &4 2] ¢} 100 pl
£ A7tk W0°Cell N 1587 71gste 2a & AA S8
3 Wz & SR8 Jlete] kgt §, 540 nmo| A &
Feg 249 %A NEFOEE acarbose (Sigma,

Mo, USA)E A48t

a-Glucosidase Ma{EA

1 unit/ml] &5 7]9¥9 e¢-glucosidase (Sigma, Mo,
USA) 20 plo] 2 &) 25 2858 5yl A7}sto 37°Col
A 1087 ¥3-A17) ¥, 1 mM p-nitrophenyl o-D-glucopyr-
anoside (pNPG, in potassuim phosphate buffer, pH 6.9)&
475 ul A7VshITH2L. 37°C°ﬂ 2 2087 9% & 1 M Na,COs
500 plg Arpsta] Bl A7) 1, 405 nmoA F3 &
& S33At SANETLOE MeOHE AH-3HA3L, ¥4
hZ7 2 & 1-deoxynorjirimycin$} acarboseE AF8-3}% T}

Aldose reductase AMsi&A

Human muscle cell 719¢] aldose reductase QA &AL
Fujita, Funako and Hayashi [9]¢] Wd] 35} ZA35H T
500 pl¢] 0.1 M sodium phosphate buffer (pH 6.2)¢] 0.1 M
DL-glyceraldehyde 100 pl9} 1.5 mMe] B-NADPH 100 pi, &
THE A A8 10 ulE F7ske 25°Col A v AT
3% %9 preincubation A|7] 5, enzymeg H7}ste] ukg &
340 nmo A 3% Fo &L BH S FAHA

a-Glucosidase ¥ aldose reductase®| CHEt X 5i
kinetics.

AP QB 328 FoAA B0 & RYE U o
glucosidase % aldose reductaseo] o3+ A3 kinetics& A}
At EHE A 7 S £YES AHEStY 7)Y
FEE TdeA st AsjEAHE S5 L, Lineweaver-
Burk plotg o] &3k E43}th

Z
T58
A U 100 g& M St A2olA MeOHZE 12 A

28 1665 g5 AUtk MeOH % &
208 ¢AH0E S £33}

7t &3t MeOH 3
£ HX, DCM, EA%} BuOH =

HX £8E 36 g DCM B3 & 09 g EA £3& 371 g 13
3 BuOH £ E& 471 g& Ak

a-Amylase Msfigy

AR ZUE FEE-E 0|88} pancreatin a-amylase
9} human salivary c-amylased] g A3|&A S #AES 2
#}HFig. 1), pancreatin a-amylased]] th3} 2 mg/ml F A
MeOH %% A3 0] 66.61%2 714 EA Y1,

X B3 3%, BuOH £38&, EA 285, DCM B Y& 02
Z}7} 42.66%, 34.28%, 33.21% 8|1 28.13% 2 2151]%_}/‘*01
u+ebytth. Human salivary a-amylased]] )& A sl &4 &
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Fig. 1. Pancreatin and salivary «-amylase inhibition activity of

Alnys firma extracts.

Table 1. Inhibitory activity of pancreatin and salivary a-amy-
lase inhibition activity of extracts from Alnus firma

ICs (mg/ml)

Pancreatin g-amylase

Salivary a-amylase

MeOH 0.558 1.600
HX 2476 1.766
DM 4.033 1.716
EA 4.079 15.841
BuOH 3.256 2.755
Acarbose 0.150 0.164
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Fig, 2. Concentration dependent inhibition of yeast a-glucosi-
dase by different fractions from Alnus firma

Table 2. Inhibitory activity of yeast a-glucosidase activity of
extracts from Alnus firma

1Cso pg/ mi

MeOH 137.36
HX 3890
DCM 2240
EA 171.52
BuOH 115.14
1-Deoxynojirimycin 3230
Acarbose NI

& o)A MeOH 5 89] 6855%2 7H4 &4 UE T,
X £8E% DCM ¥ Q%oi 77+ 52.19% 9} 51 44%§ =4
vebgth aga 2885 BuOH 2gge 77
13.22%5} 2681%2 Dh FEE e ddiF °i g40]
& Ao g eyttt 18] ICoe pancreatin a-amylase
9 7% MeOH 2% 0558 mg/ml, HX B3 E& 2476
mg/ml o] tHTable 1).

a-Glucosidase X&lighy

AU 4 FEES FEEE 2A8Y AR 7)Y
9] o-glucosidased] W& A AL HES ZA3HFig. 2), 200
ug/ml ¥E o)X BuOH 28 Zo] 7596%2 714 & J4 5
g Bgon, MeOH $2E3 EA REEX 747} 75.28%9)
5835% % =& A G4o] Byt HX £8&% DCM ¥ §
T2 47 845%9 59% 2 A H o2 EE o] vehge
1, FAYR T2 E A3 1-deoxynorjirimycine #& F&
A 525%2 & AFNBAAL et o acarboses QA E
37} YehdA gt} [Co& MeOH %%, BuOH 28 &3
FA 28 20| z}7} 13736 pg/ml, 11514 pg/ml 28] 17152
pg/ml 2 JEdor, HX #8E7% DM 8 &-& 3890 pg/
mlo} 2240 pg/mlZ el on, 1-deoxynorjirimycine
3,230 pg/ml, acarbosew= 2 mg /ml T E &40 v}
A gtrh(Table 2). AP Q2] ub5- 9] MeOH %% 23 BuOH

NI, No inhibition at concentration 2 mg/ml
23E 183 EA B8 E o] 1-deoxynorjirimycin®} acarbose
7h A Rg 27199 o- glucosidased] & A E7E
vetdozn 22 3AE 338 44 % a-glucosidase A4
€7/ & 4 vy gdg

Aldose reductase MaligA

AT 3259 ANENS 333 2, 50 ug/
ml FEolA FA B8 Eo] 84293% 2 &L A3 84e] Ue}
%3, MeOH 22 &% 57.996% % Aol & Ao g e
Wt HX 2857 BuOH £ EME td £& 849
Uelgon, DCM 2828 19073%2 vehgtHTable 3).
IC& MeOH %83 EA £8F0] 72+7} 10787 pg/ml,
1799 ug/mlZ AFxofA A8 £& RLZ vy
tHTable. 4)

o-Glucosidase 3 aldose reductasell [{gt A3}
kinetics

FZ2EY AHEAAE 24T 4, Aol =& £
£8 3 gdaa tahe kineticsg 3435t th MeOH F
223 EA £8E 171 BuOH B8Eq o &2 719
9] g-glucosidaseol] t}3} A3} kineticsZ ZA}3l A3} A A
H A 712e s Aoz JehdohFig 3). P& e-
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Table 3. Inhibitory activity of aldose reductase from human
muscle cell activity of extracts from Alnus firma

Inhibition (%)

10 ug/ml 50 ug/ml 100 ug/ml
MeOH 489717884  57.99616.29%4 63.779+4.681
HX 8.8930.279 21.103+2.175 22.866+1.481
DCM - 19.073+2.378 23.256+3.514
EA 4169016693  83.293+3.056 83.123+0.727
BuOH 23.277+0.899 25.771+0.447

Table 4. Inhibitory activity of aldose reductase activity of ex-
tracts from Alnus firma

ICs pg/mi
MeOH 10.787
HX 269.313
DCM 419.675
EA 17.99
BuOH 585.51
(A) 50
——50 ug/mt
40 1 27000 ug/n
—- 200 ug/m

[ —%=No extract

1/[v]
3
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Fig. 3. Lineweaver-Burk plots of the reaction of yeast a-gluco-
sidase in the present of (A) MeOH extract (B) EA frac-
tion (C) BuOH fraction from Alnus firma.

glucosidase A&jAIE] 3AH As|713& 7Hd AL ¢
A o] Ao U] FEEL d& v|eg Az
£2 3 Aoz BUHTHI2,24]. 3-H aldose reductase 7
$oE YT AHE B g cHunpublished data).

LI )

Fal AEHE 4o, £F R FEQYSE EHy &
Ae F4el weh 2FH 1 glok B AgdMe A8
a2 ARG 22 Qs Yehde o8 7t 5 da
2 XHE7F ¢ T84 Y EFRAY FHEFE oY
shed FHaa gtk FEY oo AN E M F8
AL g3 g5 E I G 22 AT + A
EE dte Aot dA A&d A 4F Y7 AsA}
ol g5 3 gloy ¥x9] @ejrt 7]l ZA HAd 9
Fox)71e &Y FHFol YEUIIzA AzFAo] HE
7] WFo) A9 fA % tEe] & A B&L
09 Fason @ 4 Atk F=EY PIFE 34 WY
3 T EFeE gy 4 HES dAFeE
Aol A EobA AL ohgo2A Wystel 4Rl
292 AR YA v B4 PEEL A1) 2
A 095 18T A4Y A4l deuh B4 PiS
o FAZE ANYZ, AAEZN, 37152 N, 4375
ANE & F Aok 222 B oF g XEAY A
e wf s Fasty g SR A7 Ha gl

B dpdre FAEER), L) &8, NSY(BM
m), A, &89 A&, %3Hdx, d4E, dY T
4172719 * a7} Rug YR & 4F FoAN =
W 25 gtel ARSE A7 AL B 8ol Ape gty
FEEE o] 48l o] AF FEEF L B4R o-
amylase, u-glucosidase “12] 3 aldose reductase®] A3 &3}
g A3 3ul o 2 NSAZA AEE 48 7|2

of EAste 842A 2R g@5sES 9RE 8
s ussEg 230 8449 ALolth ANE 48
A E (starch) & amylased] 9J3] 22| 1FE B3I a-glu-
cosidased] oj8) ExFo g Eafet) a-glucosidase A A
E 24329 A o-glucosidased] Aoz ddFrl
Trgos Rase] Froe Ae WP 4F ¢
9& 2230(8) A4 ol ABH e wglucosi
dase JAAMEE o}7lHX(acarbose)[26]9 HFFRA
(voglibose)2317F Sith. AP RS REFES pan-
creatin a-amylaseo] o3} MeOH &% 66.61% > HX #§
5 4266% > BuOH E8E 3428% > EA £8& 33.21% >
DCM £8E 2813% £2.2 A& o] vehd). D o)Al
ole} oA ofg] A w7} Y# A = Barringtonia racemosa



7} pancreatin a-amylaseo]] &} 10 mg/ml 5 %o 4 MeOH
extractel ¥} w|ofshA| @4 o] vielyton, HX, EtOH %
EAME 288 ¥/t S7HE g} e Ea) 143
HATL Bag A viwstd A g U7} Barringtonia
racemosa BT} 48 A4 58-& 7HALo] &€ 5 ok
o] 4E8& w3 o-glucosidase YA &4 MeOH F&E 9
ICx0] 29.96 pg/mi2 Horow, HX, BOH 232 %3
1C0] 22t 13168 yg/mi, 16367 pg/ml2. 2347 o4}
© 222 YeYrH10]. Human salivary a-amylased] 3}
A= MeOH F2E > HX £8E& > DCM 23 & > BuOH
+8E >FEA REE <02 R84 dar} g2 Jehyg
e, Z BHE gt ol A4 g4 7] ¢
£ fdd g3 SolHoz 4% ol dd & £ g
[16]. 18juh %A 2T o8 AR E acarbosed] ]3] thad
40| "ojxe ASE wuHol B3 HAE Eaf B}
g 2E 712 i A7/t ety Algdd. &8
7199 u-glucosidase &) &4 A= MeOH $&E 3} EA
+8F 283 BuOH &8 &9 ICxo] 22 137.36 pg/mis}
17152 pg/ml 1)1 11514 pg/ml 2 ebo 24, FAT)
2702 AME¢ 1-deoxynorjirimycin [13]$} acarbose ¥t}
& A 83E 1Yt ole w7 %29 o-glucosi-
dase JAEH7} 1 mg/ml FEo]A 70% MeOH 550
8205%2 7} ok Busel e Al]# wmse A}
oo 3580 40 Hold AR Yedon,
A u9] 70% EtOH &89 ICs 3ol arcbose7} 250 pg
A o 013 pgo.2 HuE Ao HmHe Ao e A
o2 Jegth20]. dA A#EE a-amylased} o-glucosi-
dase AsjAle FF45 dALTHE HU A&HY B
E02 A%t AASL BF T B8-S Fulsle AoE B
1Eof n}22]. metA ol BFAstAY RALE 3
WA AF n8YE TR0 Al wHez 2749
e-amylases} a-glucosidaseE #ajdtozn Txwro] E45
AAMNTE Fy A9 A% 18-S g3 4 ot
[21]. E§F acarbose7} yeast o-glucosidaseo] 3+ o) &3}
7b mEg AoZ Yehd Ao uhaf Al gy B
yeast a-glucosidased] ths] AFLoMx 723 oA azs}
YElY .24 acarbosedte THE 71& 0.2 AFde Aoz
BoE 4 Atk webA A E8A AT BHEE A 8
of 71& d37dstAY g BEGNR19S v¥E 5 3
= 237t 2 Aolg} AR €T

Aldose reductase 2} Ao &t AP g UE 2589 A
AEHE AT A, 50 ug/ml RN EA EEEH
MeOH F&Eo| ZtZ 84.13% %} 58.73% & =& As|& A o]
Uetg oz AUy 3550 gayd 1293 ¢
HEY didr a7t sle Aoz dddn o Age
w22 peonidin-3-glucoside, ferulic acid 181 quer-
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)

cetino] 10 ug/ml =N % 50% AN&E e A%
M%:# AH0|Z APFL e Y MeOH $583 EA ¥
EEo] 10 ug/mlo A z+z} 52.38% 9} 44.44% 2 A 33 A}
AN B 22N YA B S4B FREARA 75
£ g oz Jyen

2 o
22 gy B2 249 2740 dou, ASHelL
8% 27 29 P4 GIF9 AL 2747

$471 AY E7b53t
& A7 24 EES B o3
o FHE& T Yo gy g3k 84S 7HAEA
A& 7hed AAALY Apdo] FAE] ol E A7
A EAER ¥ APELE YR g3 o}FA B1
b (Y dds g4 sl 2AIY . Pancreating}
salivary o-amylased]] t§3] MeOH #Z&3 HX £ 8 &0} ¢-
amylaseZ A3 02 A3 H, yeast a-glucosidased
qg 94 84L& MeOH F&E3 EA EIE 18x
BuOH ¥ 8 &9 ICx0] 22 137.36 pg/ml9} 171.52 pg/ml
ag]x 11514 pg/miz Uebdo g2 X, dx) d37)siA = A}
53 = acarboses} 1-deoxynorjirimycin B th & ¢4
2348 BYoh B¢ £28 g4 oo 93 FuA &
W fabsl BEste] Aldose reductase QA B4 2AMS
A3, 50 ug/ml =X EA #8833 MeOH F&80] &
7t 84.13%9) 58.73% E =& A EA ol el
kA B AFE Bote e A sk AUy
FEEENH FA80 41 g3AstaHYs} Hold A2
ddn A2 B8t 448 staAsiy olg §3ty
Hro] @ 24kl el BAstet whol 2 A F vels) whel2 9
FF M 5 Tgd oA BRI A2 a4 g

Al 2

B 97E 06ME FAUST FHATAA Aol
gste] sa5gonZ ol FAEPUTh
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