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In this study, we examined the anti-diabetic activity in vitro by the crude extracts of Tetragonia tetragonioides which has been
known to superior plants for the traditional prevention and treatment of stomach-related diseases. a-Amylase and a
-glucosidase, the principal enzymes involved in the metabolism of carbohydrates, and aldose reductase, the key enzyme of
the polyol pathway, have been shown to play the important roles in the complications associated with diabetes. A hexane
(HX) fraction of T. tetragonioides were shown to inhibit more than 50% of salivary and pancreatin a-amylase activity at
concentration of 2.882 mg/mL and 2.043 mg/mL, respectively. In addition, the HX and ethylacetate (EA) fraction showed the
highest inhibitory activity on yeast a-glucosidase at values of ICso of 0.723 mg/mL and 1.356 mg/mL respectively. The HX,
dichloromethane (DCM) and EA fraction showed more higher inhibitory activity on yeast a-glucosidase than commercial agent
such as 1-deoxynorjirimycin and acarbose. Also, the aldose reductase from human muscle cell had been inhibited strongly by
the DCM fraction and HX fraction at 51.95% and 47.22% at a concentration of 1 mg/mL, respectively. Our study, for the first
time, revealed the anti-diabetic potential of T. tetragonioides and this study could be used to develop medicinal preparations
or nutraceutical and functional foods for diabetes and related symptoms.
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(acarbose)(10)9} HZE]H 2 (voglibose)(11)7} Al#H=3 Q1o
a-Glucosidase inhibitors= 27479k wA|-gE o] &)=
o|FFY EIEALE 7I9Fo7 A5l e 45
AN, A% S A0 ZH, l&d HoEA B
o] JiMe] aydolty. £3] a-glucosidase inhibitore] =&
3 oA @3 &goA gslEe] 4s)
9 FFE Ao A V& GEEC] 2 e AYY @,

=
54 8 EHIE Vs A% 59 $A8e Axe @ 4
Z

U AHE 7HA Urhk12-14). 3 IEFOEHE A=
HIE-S 7ot #idell o]2& polyol AR &3t tiato]do]
Gl FYPZS faets AoZ dEA Yrkls). Aldose

T XA AZHIERZY WIS AAg=
B GAARA, L2HES WS A= o] BHoR
e g e AT
B Aol AREE ¥ FEAEEA AY, A,
AT, PAIs SO B3 Gjaso] & LHA 3UTH16-20).
Ty ofelakgoll dek A7 Ao, 1 9jof o o
Ao #e A7 wEE Aol webx £ AFelxe
3 Aol B A77F ARG HAPBx FEES o8-S
I E42 a-amylase, a-glucosidase, B-glucosidase 12|31
aldose reductase®ll th3t A3 EHE A 2N Tl oW
3 ABAZR G TFEsAl e 712 A st R A
5 A wAEN S F8T7bsA diel] ozt skl

op

>

R

58 =4 % 2

Alge] 7t 8o S A7) 918 Wz & 1 keell 99.8%
methanol (MeOH) 3 LE 7}3fe] A0 12417k wRlslAEA
33] WkE 3Z3}31 Whatman ©J3}A] No. 5AZ 79ty 313
t}. &3} rotary vacuum evaporator (Ratavapor R-121, Buchi,
Switzerland) 2 AYE%3Y MeOH FEES AATE MeOH
FZE-2 hexane (HX), dichloromethane (DCM), ethyl acetate (EA)
T12]31 butanol (BuOH)E 3} o2 & &3, 2+ 55
RE 55 & 1427 5 £UE 5] AEE ARSI

N

a-Amylase Xsj&M =3

017t e} 719¥9] a-amylase (Sigma, Mo, USA)<} =] 4
7199] a-amylase (Sigma, Mo, USA)ol| tgh A& starch
g 742 el AT, 7 £ FF AR 40 Lol
1 unit/mL9] a-amylase 50 uL9} 1.0% starch 100 pL-& &3t
20Co| A 387+ Wk8-A]7]3L, DNS (96 mM 3,5-dinitrosalicylic
acid, 6 g sodium potassium tartrate 2M NaOH) RFAA]fS-
H7FstgTt 80Tk 100C oA 2H2h 1587 7hgate] whals

A7 SE3 WA F, SRS 7okl 540 nmolA F%

T2 2459t SANETOEE dimethyl sulfoxide (DMSO)
£ ARSI, A UIRF S 2= acarbose (Sigma, Mo, USA)
5 ARSI

a-Glucosidase2} B-glucosidase X{afj&4 =3
g% 7199 a-glucosidased} oF== 7]¥2] B-glucosidase
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A3 7142 247} p-nitrophenyl-a-D-glucopyranoside (pNPG)
9} p-nitrophenyl-B-D-glucopyranoside S AFE-3led AJ& 3 Lol A
A A A=E ZH89tH22). 1 uniymLe] &% a-glucosidase
(Sigma, Mo, USA) 20 pL$} 0.5 unit/mL2] oMEE= B-glucosidase
(Sigma, Mo, USA) 20 uLE 7 &v & A8 5 uLo 7}
st 37°CAA 1087 WA H, 2 520 71-E pNPG 8-
(potassium phoshate buffer, pH 6.9)-& 475 uL #7}s}5ith 37C
oA 2087F ¥+ F 1 M NayCOs 500 uLS H7hste] HHe-2
TAAZIAL, 405 nmolA FBEE ST SAHETORE
MeOHE AMS-3l9al, FANZETCZ 1-deoxynorjirimycine}
acarbose S A3t

Aldose reductase X &fjl&4 =3

Aldose reductase= DL-glyceraldehydeS 7|2 =Z A}&3lo] =4
atrh23). s=EE 2AG 7 FEAE 10 ule} 0.1 MY
sodium phoshate buffer (pH 6.2) 500 ul, 0.1 M2] DL-glyceraldehyde
9} 1.5 mM9] B-nicotinamide adenine dinucleotide phospate
(B-NADPH)E 37}514d 25°CollA 387t 26k AIZTh 0.4 units
o] o7t &8 AME 7]99] aldose reductases H7}SIL SA|
340 nmollA 3E B¢ FF=E SHIA

MeOH F25 70 g& ¥tk MeOH F5E-S HX, DCM, EA%}
BuOH 22 FA8oz gv] £t HX £FE 1435 ¢
(20.5%), DCM #3E 897 g (12.81%), EA £8E& 699 ¢
(9.99%) ¥ BuOH E3IE 515 g (8.88%)% R}tk

a-Amylase X{f &M

17k el 7199 q-amylased] W3 JA| a3 SHo|M=
80C WHgolX HX ®3Eo] 71.73% 2 Asfaxr} 7 =%
o, DCM 8 &3 EA E8E2 43.71%9) 41.62% =2 YE}
ok ®3F 100C ¥hSolM = HX E3E0] 62.23%E 7H%
=4 Uehgor, DCM 2883 A 2382 47 57.70% <
53.6358 Al &3S JehthTable 1). % 7199 a-amylase
A a9E A% 47, vz FE2F 2 4 2YEY 5%
7} 5 mgmL & o, 80C ¥4 DCM EEE3} EA E3&
& 717} 9233% %) 86.74% 2 L A EHE Urhjon,
HX ®#3&E T3 66.58%F2 Aoyt =2 ZoZ ZALY
Atk 100C WkgolME HX EEE0] 88.74%% 71 =&
A axE Yepd o, DCM #3E3 EA HE3E2 82.16%
9} 78.32% 2 UEPATHTable 1). 2+ 23837} acarboseo] w3l
ICs (mgml) 7k =343 Av) HX EEE-2 217 Bl g-amylase
o} 7% a-amylaseo] sl z}z} 2.882 mg/mL9} 2.043 mg/mL
o2 YL, acarbose: 217} 0.164 mg/mLS} 0.150 mg/mL
2 UESITHTable 2). WEbA 2 A7 23 Mgz 55 9
#EE0] aamylase®] 7197} HES2=o) wet AHEAHE t=
A Uyepdo g z+ BIE s s o]ite] Aeda &40
EFE] glom, o]Fo] 7|¢o] T a4 Whg 2o ti3|
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Table 1. Effect of temperature on salivary, pancreatin a-amylase
inhibitory activities of crude extracts from T. tetragonioides

Inhibition (%)

Pancreatin a-amylase

Salivary a-amylase
80T 100C 80C 100

MeOH 10 mg 2150 £ 936 26.65 + 1.27 64.52 89.19 £ 5.03
5mg 17.80 £ 496 1832 + 3.61 16.52 24.00 + 1273
HX 10 mg 9374 £ 332 100 88.89 + 15.71 100
5mg 7173 £ 305 6223 £ 275 6658 £ 587 8875 £ 1591
DCM 10 mg 5496 £ 11.09 63.96 + 5.15 100 9738 + 371
S5mg 4371 £ 095 57.70 £ 460 9283 + 557 82.16 £ 3.68
EA 10 mg 7444 £ 943 7456 + 2.07 94.78 100
5mg 4162 £ 105 5363 £ 094 86.74 £ 1875 7832 + 14.96
BuoH ™ ’ ’ ’ ’
5 mg - - - -

Table 2. ICso of extracts from T. fetragonioides on a-amylase activity

IC5() (mg/mL)

Salivary a-amylase Pancreatin a-amylase

MeOH NI NI
HX 2.882 2.043
DCM 3.497 3.348
EA NI 3.323
BuOH NI NI
Acarbose 0.164 0.150

Values are mean of the triplications.
NI, no inhibition at concentration 5 mg/mL.

a-Glucosidase2} B-glucosidase X5l &4

Az FE2ES TEEZ ZASIY 4% 23, a9719
9] a-glucosidase®] 3l 1 mgmL F=oA HX #EE°] 60.27%
2 7 =& Adars veplglen, BuOH 3 E0] 43.02%,
EA ¥3E 31.95%, 283 DCM EIE 20.12% <22 A3
A4S el en, MeOH FEE& Aads vehfx

2SI THFig. 1). )= 7119 B-glucosidaseol] Tt Aaf|&d-2
2 mg/mL F%olA DCM 28 E7} HX #8E&0] 717} 27.72%,

1958%% Aoz HA Jeillon, o FgEdxs
go] m|ksiAl UEl e, MeOH FEE90Aw= E4d¢] YEt
WA FAThHFig. 2). B4 Al A== ICs (mgmL) FHOFE
Uehd ZINTable 3), a-glucosidasedl] thall HX H&&E2] 3
270] 0.723 mgmLE 7FF A SAHIJLH, EA EIE
°] 1.356 mg/mL, DCM #8 &< A3l &2 1.536 mg/mL
o2 24NN, P dERTFEZ AME-SH 1-deoxynorjirimycin
9} acarbose™= 2 mg/mL ool m|eFstAl EAo] Epgo2n
Halxo] HX EYES #2 AASH oD a-glucosidase
24 dAAE ML & & s Ao Tgdr.

Aldose reductase A af &4
Az F2ES sTEE A8l 543 23, 1 mg/mL
FEoA Ha Pz DCM EEEo] 51.95%F %WO] =

Rog UYL, MeOH &%, HX £8& T8n

E2 46% ©1FoE fostA #A ‘%E}”E}(Table 4) ICso

DCM E32E&o] 0940 mgmLE Atzoz e 5t

Aefsle 2oZ Yelgtth(Table 5). webr] x|

°l T a2 QA% FHFY] oz a7} Hol
2 i

2
M

4%
e 2
W > orlo e

ae

100 oweoH
OHX

80 EDCM
3 BEA
&
~ 0 BuOH
c 60
o
9
c 40
=
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Concentration (mg/ml)
Figure 1. Concentration dependent inhibition of yeast a-glucosidase
of crude extracts from T. tetragonioides. Values are mean + SD, n=2.

100
OMeOH
OHX
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- NEA
T 60 I mBuoH
C
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340
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0
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Figure 2. Concentration dependent inhibition of almonds [3-glucosidase
of crude extracts from T. tetragonioides. Values are mean + SD, n=2.

Table 3. Inhibitory potential of by extracts from T. tetragonioides on
a-glucosidase and [-glucosidase

ICso (mg/mL)

Sample
a-glucosidase B-glucosidase
MeOH NI NI
HX 0.723 3.892
DCM 1.536 2.478
EA 1.356 4.269
BuOH 1.600 NI
1-Deoxynorjirimycin 3.230 NA
Acarbose NI NI

Values are mean of the triplications.
NI, no inhibition at concentration 5 mg/mL.
NA, not assay.
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Table 4. Inhibitory potential extracts from 7. tetragonioides on aldose
reductase

inhibition (%)

100 ug/mL 500 ug/mL 1000 ug/mL
MeOH 19.793 £ 5815 29315 £ 2.855 46.394 + 3.127
HX 11.556 + 0.629  23.298 + 4.815 47.222 + 0.861
DCM 22524 + 4909  24.116 + 5040  51.951 + 2.002
EA 11481 + 2.095 30452 + 2326  47.011 + 2.703
BuOH 7.704 £ 0419 15.114 + 4744 21955 £ 5.425

Table 5. ICso of extracts from 7. tetragonioides on aldose reductase
activity

ICso (mg/mL)

Aldose reductase

MeOH 1.144
HX 1.099
DCM 0.940
EA 1.052
BuOH NI

Values are mean of the triplications.
NI, no inhibition at concentration 2 mg/mL.

L

HZ I A7t 553 Srbsta o, A& ol
g A57t oHY g FHFY Do Frtsta
= FAloltk T Y o]F9] Ag= ST A Bl
at7] miEel TS NAATIL JUHE PSS e oAb
o] FHE Fi vk weEbd AP BAEE THAEA
28 7hed AAxAY Aol H4Hs] dasith 53] Y=
FHFo ARE &5 AL MEe w99 e o
ojth. £ AFXNE ¢ AAY FEE, 3 ol B3t
ofelaso] 2 ¢4 e WA FEES o8t AF
M2 Bazh QIRY ddel g 84S ATsiaA ¥
#H 722 a-amylase, a-glucosidase, (-glucosidase 183l
aldose reductase®l] et A &aE A3

AW a-glucosidase= TFFFS B53ES GIFFE 25
3t BrglEe Astd ARl BAZA AR AHE
AE-LS WA amylaseoll 23] oligosaccharide® £3]%| 31 o]ojA]
°]& oligosaccharide= a-glucosidase®] 2J3] TE=FOoZ E3

ot a-AmylaseE Ao ZH TUFo T I S
AAsH Fd 2do| Too] "tk ¢, a-glucosidase AA]
= oligosaccharide THA! a-glucosidasedl] Z3HeH. 24 saccharide
7} xeo g B3 FEe AS WalgoEM AFEYs 24
StH?24,25). Az FE2EL A7 ©Y 7€) a-amylase
o talA 5 mgmL Yul, 100CT W&o HX EIFE
6223% > DCM H3E 57.70% > EA EIE 53.64% >
MeOH FZE%E 1832% > BuOH £3I&E o2 Asjaxr}
yUehton, A% 7199 a-amylaseo] thal] 22 F=oA HX
TEE 88.74% > DCM 8= 82.16% > EA #8E& 78.32%
> MeOH FZ%E 24% > BuOH E3IE £o2 AHjadr}

UERATE ICs 3 HX 238 E0] A7t e}l g-amylase 9} #73
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a-amylase®] ™3] Z+Z 2.882 mg/mL, 2.043 mg/mLE TS
5 Hlg JHez B w2 JAlge Aoz e
gt a2y 4 diE2ToZ ARSSE acarbosedl] HIB A
o] Golxle o= HE| e AAE T ok A
g 241G 71 gk AF7F dasitia Als gk g ol Ao}
o} ezl Ayt & UE Barringtonia racemosas
A4 a-amylaseo] 3l 10 mg/mL F=914 MeOH FZE]
Mgk Wkl 43S BYa1e), 9%, dEiRel 37t ot
I RH Achillea ligustica® HX #IEE 1 mgml &%
oA 80% o)l =2 AMaazrt Uehd Ao E HuEH 3l
th27). W3z DCM &2 5 mg/mL T4 80% ©|F
o] A azyt Jeld o 2M Barringtonia racemosa ¥.Th= A3
a3} Holdt Aoz UEPHAL, Achillea ligustica RT~= A3
BI7E b W oZ e

27199 a-glucosidase W3 WA FE2EL 1 mg/mL
TZoA HX #8%E 6027% > BuOH £3& 43.02% > EA
B3E 31.95% > DCM £EE 20.12% ¢o2 A4S et
Yldh oRZ= 71999] B-glucosidasedl] thdt A& 2 mg/mL
FTEoA DCM E8Eo] 27.72% > HX E3E°] 19.58% %
Uehdon EA £8E3 BuOH £ EME mst 24&
U on, MeOH FE=olX = &40 YeuA skt

a-Glucosidaseol] THE}H ICy (mg/ml) 7S HX E-2120] 0723 mgfmL
2 7P 9A SAEHACH, F iz ARE-gH acarbose
9} 1-deoxynorjirimycin= 3 mg/mL2] FZo|A % a-glucosidase
o Wa) AANEHAE UYehlA] Zetaink B-Glucosidaseo] ik
ICso (mg/mL) 3+& DCM E&8Eo] 2478 mg/mLs A H o
SA SAHEUT AP UHFS] MeOH 2358 a57]9
a-glucosidase®l] T3l ICs©] 137.36 pg/mLo.Z WHaixo] H]s|
Asfigdo] Hold o= UEpony(?), 4=7]¢] EOH &=
7 70% EtOH FZES | mgmL =14 7zt 15.14% <}
4828%9 AMEAE YePHoEM(28), WP HX &
o] AFAA} ¥ Hold Aoz YEhgth
7] dFFAE AFRET U acarbose’} ER9} ofEE
29 a-glucosidased] = AAS AdAaHRE YeERA|

7]

%= AoZ Yeh Wz FEE0] acarbosed= THE 717t
o7 1¥F AL JA = Aoz Alg"th w3 Haz
FE50] a27]19 a-glucosidaseo] W3t A AL 7HHe
2R 7|29 ddEiAr} 7T JE A7) B8 A Yehs
5%, AAL BRATt 5o #4829, 30 Hadt &
A& Aoz et

4 polyol Al o) dell ogk Frg HF i B
3}4] aldose reductase &AIEAHS ZASE A3 1 mgml &
oA DCM ®gEo] 51.95%2 AJAEAo] /Mg & Aoz
YERET, ICspS 0.940 mg/mLE AF O & e Eroji

A TS 7HAIL e Aoz Ut

B ATE Fot] el A W3x FEEETH
a-amylase, a-glucosidase, 3-glucosidase —12] 1L aldose reductase
o oI AR BohE ASst] Wazel G oY 2
ARAZAY 4L FUY
53 2o 34 2 & 5
bl 94 9un FREARA FEL WS Row
Ao =G WAxE s 52 Bael 4w
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A2 FEAEEA FES PP 27 S AoE

7t €.

2 AFelA Sy qE, A8 B A7) AR
N A BEbEAS WA A NxdreA Wk
FEES AFESIY P E249 aamylase, a-glucosidase,
B-glucosidase 18] 31 aldose reductaseo] 3k A& &
ZALEATE g2 HX 28 &L 3t B, A A%
a-amylase®] Hal 5 mgmL s=AA 27 6223%, 88.74%
Z =2 AfadsE ey e, a-glucosidaseo| U=
HX #3E0] | mgmL F=olAM 6027%% =2 A|ads
Ueldo g &) fﬁfjrﬂo} ]i AHE-E3L 1= acarbose$}
1-deoxynorjirimycin Bt} =& 9#] 8315 H{th agla vy
P30 S AR, WAL, AP, TS
Aol 59 AAE g S FL #-o] Qe aldose
reductase®] TS AALAIE ZAE 23, 1 mg/mL F=olA
g% DCM #3237 HX #3E] 47 51.95%, 47.22%%
=2 AEAS VveElgo s Gy I 23 §HE9
duli e g7} Qe Ao FHuFEth A AAFOT FH
Bk 271340l 2o} wen ARAle A% FRE oS
goid 7ol w2 7k A7 BRaEA e ¥E

3

=

-

o] s 859 7S HAISTLEN nlo| S wR
S oy

i

ohlet A5 ABR 2BANE BH FES S
efg Aoz slhHck
Z A
B ATE EAFHIN AR BLEL7 L A
A7 Aste|R g oo =YY
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