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Anti-diabetic and Anti-oxidative Activities of Extracts from Crataegus pinnatifida

Sang-Myeoung Nam', Il-Jun Kang’ and Mee-Hye Shin"’

'Dept. of Food Techonology and Services, Eulji University, Seongnam 461-713, Korea
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ABSTRACT

This study was performed to investigate the antidiabetic and antioxidant activities of Crataegus pinnatifida which was
extracted with water and different concentrations of EtOH (0~100%). The extraction yield of 70% EtOH (33.16%) was higher
than that of 50% EtOH (27.79%), water (21.71%), 30% EtOH (21.88%) and 100% EtOH (19.03%). Total polyphenol contents
of 50% EtOH extract from C. pinnatifida were the highest. DPPH and ABTS radical scavenging activities were 80.79+0.83%
and 34.92+0.97% in 50% EtOH extract, respectively, which were higher than those of other extracts. The inhibitory activities
of 50% ethanol extract from C. pinnatifida against advanced glycation end products (AGEs) formation and a-glucosidase were
determined to be 27.09+2.27% and 58.87+0.70%, respectively. The inhibitory activity of water extract from C. pinnatifida
against aldose reductase was higher (30.68+1.41%) than those of other extracts. Overall, 50% EtOH extract from C. pinnatifida
showed the highest antidiabetic and antioxidant effects. These results suggest that 50% ethanol extracts from C. pinnatifida
have potential as a useful ingredient with antidiabetic and antioxidant effects.
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g ste] Skt Sl AAlsk g AJR(1 mg/mL)
200 pLell /< 1.8 mLE 7}38kaL, IN Folin-Ciocalteu’s phe-
nol reagent(SIGMA-ALDRICH, Inc., St. Louis, MO, USA) 200
uLE 7hek 5 5E3F A2ellA WAsAT o] 3l 7%
Na,CO; 2 mLE 7}ataL, ThA] Aol 1413 2§ £ 750
nmol| 4] spectrophotometer(UVIKON xI, Secomam, France)Z
o] gdl] FHEE =HsItE EFEFAL gallic acid(SIGMA-
ALDRICH, Inc., St. Louis, MO, USA)Z A}g-3sto] 2A4819]
o, F e T2 1 goll g mg gallic acid equivalents
(GAE)® YERH AT

3} 4 g 24 271

3. DPPHE 0|3¢%t 2iHZ &S

DPPH 2}t]Z 24248 Blois Wi (Blois MS 1958)2 4
F Agsto] =381tk 96-well micro plateol] A& 30 L=
7Fskat, 1.5 x 107" M DPPH(2,2-diphenyl-1-picrylhydrazyl) &
A 270 uLE 718 H & E3tsle] Aol 3087 HHSAIF
o} dojF WH--d2 570 nmol| A FEE=E %3 F radical
scavenging activity(%)<} 50% scavenging concentration(SCsp)
o= Yepliick Agdl AHgH Al 59 FE= 1 mgmLolH,
S ZT2 ascorbic acid(SIGMA-ALDRICH, Inc., St. Louis,
MO, USA)E AM&3l3itt
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ABTS &}tz 274242 Re H(Re ef al 1999)S L3
Hste] =43t 7.4 mM ABTS®} 2.6 mM potassium
persulfates Aol A 12A]17F BF RESAIAA S-S A
AlZ ) 96-well micro plateol] A& 10 uLE- 7}5}aL ABTS ¥
A 290 lLE 7het F & E3ste] bAoA 3083 REGAIA
o} Aojzl WhEHL2- 750 nmol|A] FBEE 543 U, radical
scavenging activity(%)<} 50% scavenging concentration(SCso)
o & Yehidot Aol AHEE Al8e] %= 1 mg/mLo]
™, FhZT2 trolox(CALBIOCHEM, Darmstadt, Germany)
= AR
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5. Z|BESHHE(AGEs)e| AX| =1t

Bovin Serum Albumin(BSA)(5 mg/mL)¢} methylglyoxal
solution(2 mg/mL)°ll Dimethyl Sulfoxide(DMSO)Z =91 Al
E(10 mg/mL)E 23, 50 mM sodium phosphate buffer (pH
1HE AHESt & FIE 5 mLZ 2Rtk 37T oA 244
7t FoF WH-S-AIZl 3 spectrofluorometer(Fluoroskan Ascent
FL, Thermo Scientific, USA)S ©]&3le] HkS A5 o] AR
9] &= (Excitation: 355 nm, Emission: 460 nm)S =7 3}%]
t}. 2% 93HHE(Advanced Glycation End-products, AGEs)
o] JA &L T FF= TV S VTR AR §
B T7F 35 vlaste] SA st 2T amino-
guanidine(SIGMA-ALDRICH, Inc., St. Louis, MO, USA)S
AH&-8F T
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6. a-Glucosidase &4~ AXN| =1}

a-Glucosidase &4 A F3E S 317] 93 a4
ZA| = McPherson et al(1988)°] AF&-3F BIH S g sle] 2
/\] 3}t 50 mM sodium phosphate buffer(pH 7.0) 100 uL<}b

F2 a-glucosidaseE 50 mM sodium phosphate buffer(pH 7.0)
o &3A1A 0.00124 UmL TE& T E489 60 Lol
DMSOe°]| =91 A|& 10 pLE 3 7}?‘:} % 37T 1523} pre-
incubationd}S3 t}. 4-nitrophenyl-a-D-glucopyra- noside(pNPG)
(SIGMA-ALDRICH, Inc., St. Louis, MO, USA)E 50 mM so-
dium phosphate buffer(pH 7.0)°ll §3A1AH 247 mM F=2
THE 71289 30 uLE pre-incubation®] it &0l H7}et
215 405 nmol| A FFE=E 10Zvic} 18 59t kinetics2 =
Aokt FAUNET O 2 acarbose(SIGMA-ALD- RICH, Inc.,
St. Louis, MO, USA)E A&-3}5ith

Inhibition(%) = { (S B)}X 100
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a-Glucosidase &4 A FHE S 317] 93 a4
ZA|= McPherson et al(1988)°] A-8-3F S HAY sl 4
Alalat). a9 Alzs FA 200 go] & rate] SHE
AZEete] 1 qe] A9 S5l Wt 50 mM sodium
phosphate buffer(pH 6.2)& 84 1719 500 L2 ol 4
5 ellA TS AFAG. ©] & 47T, 7,500 rpmel| 4] 304
7t QAR &, O ASAS Fste] EAYo R AHESS
o &4 Al 5% Alol= WA 1 mL celloll 50 mM pota-
ssium phosphate buffer(pH 7.0) 530 pLE Yo, A|Z3t
F49 160 Lot 100 mM DL-glyceraldehyde 100 pLZ o]
Z9lth 223 AR 10 jLS PolF 3, v wo 2 1.5 mM
NADPHZE 100 pL 9ol FAth Cell W F-olA HHSAIAE
340 nmell 4] NADPH &33%9] #a&3 S4sth H9d
Z7 2 2 quercetin(SIGMA-ALDRICH, Inc., St. Louis, MO,
USA)S AH&3tsith
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B A3 Avte Fa+RTUAE FAS oM, A7 gH
9] F9]/d 752 Statistical Package for Social Sciences 10.0
(SPSS Inc., Chicago, IL, USA)—O— 0|83} one way analysis

of variance(ANOVA) testE 3+ F Duncan's multiple testol] <]

&l p<0.05 FEAA FABAT
4w 2 o3
1. Z=30ol| g FETE2 HE}

AL BE FEE2 Table 14
2 &35 23, & FE259 §
70%, 50%, 30% °et& FEE o7

2tk 200g9] A &
E2 21.71%°] 2L, 100%,
2 Z+7} 19.03%, 33.16
%, 27.79%, 21.88%= 70% °l&& FEE2 58| /M =
A JEFHTE Duan er al(2014)2] AA} FHSol] et 8
70% ollehE = Al 59%°] &= Uelgetl, 2AF 25 7
TS ARESISY] Wil O B e UER Blom A
ZYE ) Kim et al(2014)2] AHAF A 2] FE2A7E B 70%
o gehE FEFEA] 10.23%2] &5 JERNUTE 2] F-5(Se0 &
Kim 2014)2] 7%, 9-& £(2.95%) 1.t} 70% <l E-2(10%)
Z A B 58S B0l b, 715 5(1.63 %)3 70% ©l
B2(1.47%) FEA & FF°] i o =7 Yehd, 25
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Table 1. Extraction yields and phenolic compound contents
of C. pinnatifida with different solvent systems

Extraction Extraction Total phenolic content
solvent system yields (%) (mg GAE/g")
DW 21.71 20.02+0.147%*
30% EtOH 21.88 36.54+0.04°
50% EtOH 27.79 41.83+0.07*
70% EtOH 33.16 40.130.05"
100% EtOH 19.03 20.44+0.04°

D Total phenolic content was expressed as mg/g gallic acid
equivalent (GAE).

? Each value is presented as meantS.D. of 3 times.

» Means with different letters are significantly different at p<
0.05 by Duncan's multiple range test.
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THAE 71Eo® sto] AT A Table 17 2} & &
2ols FEFES E, 100%, 70%, 50%, 30% A& F2&5 &
o & 747} 20.02, 20.44, 40.13, 41.83, 36.54 mg GAE/go]H,
50% clgte FE=cMe 7P =7 vehy, 252l ¥

Q.

3 2u1e] A4S YeERATE 50% oeHe FEE7A] = o
7t 7V wlE el SRR 70% o
SolA] oBzE ZHASI AL 100% o EHS FEE-of A
ASIATE Lee et al(2000)2 o&Hg Fkol w
& sigtEe] 60%7H = S7FE 2, 80% ©]
Aot 3 A= B AT Ao} v
S YJeRITE ©]& 100% olgheHt} Z3} 53
Svle] S92 HsAA Eeluee SHlEE
. Park & Hong(2014)2] FZ&wHd w2
Pasl gl s 22 s Helow, ol
offgh&2 7} ofghgo] EgE ] qlo] Al T
o] & dEd B0l g4 £&=H A7) vl stttk
Kim er al(2014)9] AHA} ¥ 9] F #l|= ek 2.67+0.18 mg/g
©]aL, Duan et al(2014)] 2FALE-S-2 70.41+1.47mg/g S 2A]
F&7 v AIgS BHAath
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DPPH<S o] §-3F & = %
o] &&= W F she|th DPPHE &itatEd ) vke-
slo] Fol git)Zo] AAEHA] Hepdoa] o g
Ax = A2 PakstEd & S48kt AH-Eth(Bondet er
al 1997). DPPH2 ©| &3 2jt)Z LASAS 4 23, 50
% oleke FEE2] o] 80.79%% 7 =A UehAt
(Table 2). A& =0l W2 DPPH 2]z AA A W)l =
Ao 2HE ABLE 50% AAA7)E 52 SCshs &, 100%,
70%, 50%, 30% cl&-& &5 o= 717} 0.97, 2.95, 0.46,
0.38, 0.53 mgmL =5 YERNITE Park ef al(2013)2] <
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n|zte] gaksl B4 Ao M E 50% ol§hS FEEA 71
=2 2495 JeERla, deks w57t 7F el uiet DPPH
2 ABTS &z 227%59] 70%, 99%% FHasle] ¥ Adw}
FAFEE 232 23T Duan et al(2014)2] AL 70%
ofehe & A] 91.17%(0.8 mgm)Z F o = VERge
Lee et al(2013)2] AAED odlghE FZ 2] 82.6%(1,000 ppm
)9 Z2HE BATh Kang et al(1995)2 H=4 3F3tEo|
Ghaksl Ao Zldetia sk 2 A-e] Ao A 30%
o ghs, 50% &S, 70% olehe FEES U F oE &
Fgol =S5 gz &7 4ol Eol, gid# &A 24
o] HlEA FFEY A Je oz HAth a3y B
55 B F ds o] oF 20 mg GAE/g
4 A FAde] SCs a2 0.97, 2.95
mg/mL=E & xpo]E BRItk kA &, 100% e 55
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rtslER 7 Whg-ste] ool gitdo] AAEHA A=A
oM FAo g gaE s ez gate A S =4 shed AL
S-¥ CH(Fellegrini ef al 1999). Table 2 ABTS 2}t|Z 27
FAS =43 Aajolt). 50% e FEEo FHEI} &
AL 34.92%, SCso 1.22 mgmLE 7V =21, DPPH 2t
Z AT FARE Zake] UEhITE 2eu B ATl
A= ABTS oz &7 8/de] DPPH #HZd &2ASdH T
Hlm A vre AnE YeRf ATt Duan et al(2014)2] AHA} 4
T AR Agke = Yeht ABTS 2z 24 84d0] & ¢
A Jebdth o] Lee ef al(2012)0] Hag F wHol o
gt 7183} o]} WSk Ed el A =t gt S ak

Table 2. DPPH and ABTS radical scavenging activity of C. pinnatifida extracted by various ratio of ethanol

Sample (1 mg/mL) DPPH Scavenging activity (%)

SCso" (mg/mL)

ABTS Scavenging activity (%)  SCso” (mg/mL)

DW 42.18+1.2894 0.97+0.02¢ 13.33+0.47¢ 4.50+0.12¢
30% EtOH 68.59+0.87° 0.53+0.01° 27.37+0.71° 2.5740.03°
50% EtOH 80.79+0.83° 0.38+0.01° 34.92+0.97* 1.22+0.03°
70% EtOH 71.44+1.62° 0.4620.02° 27.75+0.79° 2.58+0.05"
100% EtOH 26.61+0.06° 2.95+0.02¢ 14.64+0.59¢ 4.57+0.04°

! Concentration of the material which is required to scavenge 50% of DPPH radicals.

? Each value is presented as meantS.D. of 3 times.

» Means with different letters are significantly different at p<0.05 by Duncan's multiple range test.

9 Concentration of the material which is required to scavenge 50% of ABTS radicals.
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(Advanced Glycation End Products,

gﬂ— A ﬂﬂ% THEo] MEEGS A7)V dlE
o|th(Sato et al 2006). ¥ A AL FEEL] HEFT
sPHE A A ARE IRlsith xTe2e HET
shtEe] S A A17]= aminoguanidne(AG)S AHE-315
o, AG2] ob] = WS amadori 3}HES] 717 9} wk-g-
sto] Thld 2F wabA st At el tHAhmed
N 2005). AGe] v]&] A} FE2EL e Fahits oA &
I Bon), FEEURE AVEA & FEE57 100% ol
LS FEEL 4.05%, 2.15%%E HlwE] e A5gS Bl
HHH, 70%, 50%, 30% SEH-E FZE-2 20.05%, 27.09%, 22.23
%= e T FEEEve vud 5 589 As BT
A THTable 3). Jang et al(2006)2] 80% &2} Lee er al
(2008)2] 100% oll&hE A M= A7} HFGshibE A
4 As g} e Aoz Yelgth

Table 3. Glycation inhibitory activity of C. pinnatifida ex-
tracted by various ratio of ethanol

HN

- Aln]E] Holrlob fiEaarit

6. a-Glucosidase &4~ AX| Z1u}

D]—‘—-I:ﬂ i<} O]— }.—4‘6:]_1,]- 7(19:]7 U] A] ?%71\_:_]@:]—‘1,]_ ?51—7]-]] 31;H Zh:ﬂ/]
shitolt}. a-Glucosidase= 4272] brush-border membrane©]]
EAete 7HrEel EaEA AHE ol Ry R w5
skes 571 S1g ddRe FER 7eEsl ghth(Van de
Laar et al 2005; Gua et al 2006). 24 a-glucosidase©l Tf
gk AsiAle] IS xro g FalE = RS AAAA A2
3 et 22 dE A AW e gy olth(Kim et
al 2005). B AFANM = A} FEEZFE a—glucosidase Xﬂ
AL S8t dpslEe] ¥ed 26 A ERE
St & FZFE, 100%, 70%, 50%, 30% ol e ZZ“oﬂ/ﬂ
Al o] ZolA= ATFS HPTh | mg/mL To|A] A
e vt Ar} 70%, 50%, 30% olehE FEE<] 35.62%,
58.87%, 36.78%% hZT O & Al&-3F acarbose .U} U] &2
A S JeERIA) 7t FEE9] SCy #b= S8l 4
3} 50% olehE F550] 0.84 mg/mLE A5) o] 7P ¢
S5t tHTable 4). wWakr] A4} 50% olghe F552 g
&) 43} FF oA a-Glucosidased] XS A= Ao
2 Kot} a-glucosidaseol] 93F 7 B S A8t 2x
2 & gﬂo] TA49] A3t T4e ERH R AT
T a2 A 5 vk Park er al(2012)2] AHAREES] o
-g1u0051dase A= Aol A acarbose HU} e AL

o} 10 mgmLe FERE A2l Al Aaldde EA,
ZZ‘:'(17 6%) = 70% EHE FE5(32.5%)°0A1 o
=& AP S B FARE AIS Bl

=]
=
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7. Aldose Reductase &4 X &1}

Table 4. o-Glucosidase inhibitory activity of C. pinnatifida
extracted by various ratio of ethanol

Sample (1 mg/mL) Inhibition (%) SCso" (mg/mL)

Sample (10 mg/mL) Inhibition (%)

Aminoguanidine 87.62+0.24122
D.W 4.05+1.644
30% EtOH 22.23+1.18°
50% EtOH 27.09£2.27°
70% EtOH 20.05+1.41°
100% EtOH 2.51+1.57¢

Acabose 21.08+2.469%* 4.45+0.06°
D.W 14.69+0.76° 2.64+0.10°
30% EtOH 36.78+0.51° 1.67+0.02°
50% EtOH 58.87+0.70° 0.84+0.02°
70% EtOH 35.62+1.74° 1.82+0.11°
100% EtOH 12.32+41.09¢ 6.68+0.40°

! Each value represents the meantS.D. of 3 times.
? Means with different letters are significantly different at p<
0.05 by Duncan's multiple range test.

" Concentration of the material which is required to scavenge
50% of a-glucosidase inhibition.
Y Each value represents the meantS.D. of 3 times.

» Means with different letters are significantly different at p<
0.05 by Duncan's multiple range test.
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ol ofste] A W glucose =7} G5tk &

5191 § A~(aldose reductase, AR)el 2]} sorbitol 2] 234
1 A3}, sorbitol2] 22 Al AEAS ASAIFA Al
L7F FatE]o] Al xute] Hs fAE 4 §Al " th(Hutton
et al 1976). ©1} FAlo AZEU A M A o] X w A
FAAE EEEHA Hol v S35 JERIERE ARS
3 2o] 3k A 7 A3t Gabbay & O'Sullivan 1968).
B Ao A FEE] g S-S A 9El
rat A AR JA| E4& SHst] Axs YeRAT
(Table 5). EFEAQ quercetin®] H|dle] FEEEL e
AR A &< BIAth F2E FolA 100%, 70%, 50%, 30%
o er-& 7Z+z} 8.5243.39%, 19.3242.68%, 14.77+1.14%, 22.16+
2.11%= HlwA W SA=A & FE5E-2 30.68+1.41%
2 Aoz w2 245 etk WEE et 4779
A A ARMEAE S A= vgks 520 & F
E= 8 =4 Ut (Jung e al 2008).

T
—a

O

s
=
2

|

ABTS 2z &2A%, HAFTTHE 945, a-glucosidase
A5, aldose reductase <A 233 &2 70%
oehE FEE0] 33.16%= 7Y =9k, 50% olete &5
o] 27.79%=% 1 TS =9kom & 30% o e, 100% of &
L2 247} 21.71%, 21.88%, 19.03%= YERACE % #E
L 50% e FEE0] 41.83+0.07 mg GAE/gC.2 7}
% E=9k3, DPPHS} ABTS 22 &7 %% 50% olehe F
Z5o] 247} 80.79+£0.83%, 34.92+0.97%= 7} =9t} HF

N 01[‘
ur Mo

Table 5. Aldose reductase inhibitory activity of C. pinna-
tifida extracted by various ratio of ethanol

Sample (1 mg/mL) Inhibition (%)

Quercetin 95.45+2,13D0
D.W 30.68+1.41°
30% EtOH 22.16+2.11%
50% EtOH 14.77+1.14%
70% EtOH 19.32+2.68°
100% EtOH 8.5243.39°

) Each value represents the meantS.D. of 3 times.
? Means with different letters are significantly different at p<
0.05 by Duncan's multiple range test.
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