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Abstract — The aim of this study was to investigate the potential of Acanthopanax sieboldianum (Makino) Koidz (ACS) as a
potent antioxidant and antidiabetic agent. The antioxidative and alpha-glucosidase inhibitory activities were examined using the
methanol extracts and solvent fractions from ACS-leaf and ACS-stem. Antioxidative activities were measured by in vitro meth-
ods such as DPPH and ABTS radical scavenging activity and superoxide dismutase (SOD) activity. When the chloroform and
ethyl acetate fractions of ACS-leaf and ethyl acetate fractions of ACS-stem were compared with the control, the SOD-like activ-
ity was impaired even at the low treatment concentrations. In addition, the ethyl acetate fractions of ACS-leaf and ACS-stem
showed alpha-glucosidase inhibition activities at low treatment concentrations. Analysis of the major components in the frac-
tions of ACS-leaf and ACS-stem was also performed using HPLC. Finally, astragalin, isoqurecetin, chlorogenic acid and caffeic
acid contents were measured. Based on this work, we propose that ACS-leaf and ACS-stem have great potential as natural anti-

oxidant and antidiabetic materials related to health benefit

S.
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U Z(free radical)o] 1A Al Ee] ks SH BT Foh A
o] dojupA| HAL Frlsl wolAAlel 84 AalE 2
& Asla 2E#27} WAle foha Bt Qok® A
sh 2Ed20] A4 A BT
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AR 58 7THIHA R QFdsE g
o o g =2 EAS Hole dALA of
3 A7t Sas] 1w ok
L 7V (Acanthopanax  sieboldianum (Makino) Koidz;
ACSy= AHshs FRUTaE diAe $5o= It
B okg A2 AREY Ui E AT ALgshe g
oRxjo|t}. d2FE AFER7, T el 34 27
U )5S ER)] X5 ofl(#R)ZE 485t =
3L BpbellE =@ A)et] SE(E)S DT EA
woileh? et okgE T gl Waldl vls) Srhb-e)
=719 Qo] kst & 9 e aol gk A= v
HgE Aol n2 2 AFdie Q7hbr 43t £719] |
& FEEH A FE22EE, A9 oMHIOE, RS
Y=L o]&ale] ksl S JFudde] AES o
glucosidase T4 A3l @32 vl Frislglon, sy 2
71582% A S 9% 712AEE E&staat 73
=g

¢

ME W

AEME - B APl AFEE 27 (Acanthopanax
sieboldianum (Makino) Koidz: ACS)= S 3|AH 0109
I FNA Al A Hebd = AR dTa 0%
R AR AR g tigk HE 3 58E As Ao}
APl AR er FEAZJAMI2)E A58 2aA)
Aol Bastar et

A2} - Sodium carbonate (Na,CO,), 2,2-diphenyl-1-
picorylhydrazyl (DPPH), L-ascorbic acid, 2,2'-azinobis-(3-
ethybenzthiazoline-6-sulphonic acid (ABTS), trolox, alpha-
glucosidase, 4-nitrophenyl a-D-glucopyranoside (p-NPG),
Potassium phosphate (Potassium phosphate mono basic,
potassium phosphate dibasic), acarbose (A8980, Sigma,
USA)= Sigma-Aldrich (St.Louis, MO, USA)Z%-E] 79)3}
of ARgstth FEol AHgH v ' (MeOH), | 4Hn-
Hexane), 222 X5 (CHCL) o€ oMAHIC|E(EtOAc) 2
-2 (n-BuOH)H 72+ &= S5k ARSIt

FE2 4 B&E M= - dxst] 2A 243 o7ht
o] (1.6 k) =71(3.0 kg)S 10v] 712 mete =
65°CollA 6117k &<t 7 FE3 § AAHsISiT o] o
S ) F=31e] 277.93 g (17.37%) 142.62 g (6.21%)2]
zizte] o Bl 27| FEES AUt FEES SR
g2 S 9:ell "EF AR F sk Fike o] 85t
33] whEste] EE6inh. F7H R Je 255 &9
S0 mEh SRR FREEXE, oY opHOE Y
HFEER 3314 yiEsie] E8iqlth. #8=S eSS
A3} Q7P Qo2 RE 5356 g (21.42%)2] A B E,
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194 g (0.78%)%] SRZEZTE B3E 856¢ (3.42%)2] ol
HolAE|o]E 2 3459 g (13.84%)] FEhe E3ES AU
ov EE 27|12 HEIE 2128 ¢ (14.92%), 245 g (1.72%),
413 g (2.90%) 2 14.49 g (10.16%) ztzte] &vj H-3 &S
AAT.

g8l &5 - ABTS (2,2'-azinobis-(3-ethybenzthiazoline-
6-sulphonic acid) 2tz 24 &4 =4S 80 mM ABTS
f-Mo] 30 mM potassium persulfateS E3Fsle] Aol A
IAZF WAL & 734 nmollA] S8 kel 0.8~0.971 &
=5 243t ABTS solutions ARE-SIATE AJEY 10 pLell
ABTS solutionS 90 L& &8st 37°ColA] 30 &<t o
Aol WAIZ] - 734 nm®] 3geld] UVAEA17] Multiskan
ELISA(Thermo scientific Co. Ltd)Z $3=5 43It
A e FE2E A7 PRSP v
slo] Bz 2ASE WES (%)= YERSITE =
0 2= troloxE ARSI

Inhibition (%) = [1-A15 9] FFE=-FAIFN] F45)
A7 N o] T3 E]x100

DPPH (2,2-Diphenyl-1-picorylhydrazyl)el] tgh =43
&2 Yoshida®] ¥ & MPsle] 243k, DPPHe! o
3 FAF TS 96-well plated] A|F 20 uL3} DPPH &
A 80 puLE &9Fate] haollA] 3087 Aol RS &
517 nmellA] UVEA]7] Multiskan ELISA (Thermo scientific
Co. Ltd) 2 43I0t} A 85 H7lelA] o2 iz H
wste] Sz LARHE the ol AlLtste] MEERE
(%)= JERAATE FANZF O ZE L-ascorbic acidES A}
&3kt

Inhibition (%) =[1-Al&H2] FF=-FA TN F4)
T ] §45]x100

SOD (Superoxide dismutase) F-AF&Hd-2 SOD assay kit
(Sigma-AldrichyE AM&-3t] S8l om Ad= F5+5 3
7Hrel FH7E BlaLste] MEE (%)= WERSIT

Alpha-glucosidase i &4 £H - Alpha-glucosidase
Al sS 24317] 918k Watanabe2] P2 #d sl
A3 A APsiglon Ao wet whg ot
0.IM KH,PO, (potassium phosphate Buffer, pH 6.8) 20 pL
o] A5 10 uLE ¥ 3 mM p-nitrophenol-a-D-glucopy-
ranoside (p NPG) 20 pLE &3lA17] & ti2tolle S/7T
10 uLE ¥o] 37°ColA 587 WHSAIALE 58 & a4
alpha-glucosidase 1 unit/mL (sigma G0660-750UN, 55 unit/
mL) 10 L= E5181] thA] 37°CollA] 58E7F w3 AJZITh
5% % 0.IM Na,CO; 5 F7tate] LA, o A/dE
p-nitrophenol (PNPy 405 nmol|A] 855 S43160H,
AZ FZ7HE negative controlZ ARE-EIS o, 71 F
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A7 blankZ ARE-31S9TE. a-Glucosidase A31EH4d-e o}
=3 2ol Axtetdlen 3]HEAE o-8-3ke] 0.7 unit a-
glucosidaseE 50% A=t 23t A 52 FX(ICs)E
T35t} Acarbose (1.0 mg/mL)= FAd ol & (Positive
control, PC)Z AFE-3IT].

Inhibition rate (%) = [1-(AbSg,e—AbSpjan)/AbS ool X100

'sample
Abs,.: Absorbance of the sample
Abs,,.: Absorbance of the blank
Abs,_,..; Absorbance of the control

control*

HPLCE S8t 71 M2 "It - o7 93} 27]
o] #YEd wE HPLCE 53 754 A2 H71s]
fsted WA Q7R 9 7] BYES AHe Fsto
80% MeOHE F7Fst] 141759t sonicator® =3 &,
NE F IS Fsked 12,000 rpm, 4°ColA 1027

23l dZol 2 50 uLe 33 HPLCOl 10 uLE F
%A Foo A 2 Frol AEwyos e
o thet peak WA 9} ZAIFEE o83, 7t A &
SH 2= A AL o838 FEE A, A
FAe] 2 2 FE0] A=ell= agilent chemstation (Agilent
1200 seriesyS o]-&-atith. 24| sEo] el B HeFd o]

s74e tew o,

o
e}

o,
o
by

ZA| F=o] &9l ¢ ug/mL
A 3A4 cy=ax+b
(y: peak &), x: ZAFE, a: 7]127], b: ydH)

SAXME| - BE A 33] vhE SAgsto] Hwiad
22 YR BA1A £412 ANOVA (One way analysis
of variance) 2 Student’s t-tests AME-3I92H p<0.054 73
G frogk Ao g AAsIe]
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QIR 3t F| £& ¥ 2&E9| 20| A5 -
Garsl A4S =4 ste WY O 2 ABTS, DPPH, SOD
actvityS ©]-&31 ) ABTSE H2 H24S o ats)
EZ3} WhgahH Falo 2 ehdlo] Ht), DPPH Sz &
Ae AR A FHZ=EA] 2,2-diphenyl-1-picorylhy-
drazyl (DPPHY’} 2% 517 nm 3gollA S57F doju} =2
LS wA| = gatksl B8 wheshA| HW 27t vt
7lo] =eElE =7 "t o] |83t DPPH zt]Zte]
AEAEE UVIEAZIE S5t in-vitro’dollX A 80 &
2k} 245 Bl SOD (superoxide dismutase) AF
A2 AA| YollA EA4FA (superoxide)] A7l o]
sk Jaolm AU ARk gefd S dAsk] 918 SOD
FARES Ad 2AE S I AAlE 28
3led SOD S4< ek 7R da 2719 F&3 #
&9 50% JA = 22 A7 FE(IC,)2 23
258 Table Io] YFERH ST

S7RbT A3t 2719] 5 9 EEo] AdARlgelsol T
e FEFE A1F3 A3 ABTS' 22 2759 49 2
TR 912 of|d olA|E|0)| E(34.04 + 1.69 pg/mL)°] 71
AL I e F e, FREXE, 4 2 E
o' HriERt. Q7R 2719 79 EREEE Y
E(18.74 + 4.80 pg/mL)2] 714 vk FoA Alshe A
o= gRI=tt. DPPH 2tz &2AZE 385 4% &
TR 3t 27 B old opMEIo|E Y= (Y 138.63
+2.04 pg/mL, Z7]: 111.68 + 2.91 pg/mL)oA 7P vhe
TR Ak ZoR 1A SOD AR A=
BIEZ doMe FEEFEE(178 + 0.65 pg/mLyEIE
o], 71X = °d opMEIC]E(1.30 + 0.13 pg/mL) &+
o] B FxoA Aslske 2l SR8l 7R
A3t £7] FE 2 HIYES o oMAHo|E B E] 3

J

Table I. Antioxidant effects of ACS-leaf and stem methanol extracts and their fractions

ABTS™ (ICy, pg/mL)

DPPH (ICs,, pg/mL)

SOD (ICs,, pg/mL)

ACS-leaf ACS-stem ACS-leaf ACS-stem ACS-leaf ACS-stem
PC. 1136 + 1.41 527 + 0.32 -
MeOH  221.00 + 55.65 183.83 + 3.93  746.60 + 59.02  346.82 + 18.05 9.75 + 1.14 16.98 + 2.02
Hxn 156.35 + 15.73 747.09°" + 68.49 906.72" + 47.06 4117337 + 357.08 18.80 =+ 1.04 12.12" + 2.82

CHCl, 112597 = 7.72 18.74"" + 4.80 1136.18 + 8645  282.58 + 438 178" = 0.65 2517 + 0.99
EtOAc  34.047° £ 169 2749 £ 365 13863 + 2.04 111.68 + 2.91 2507 £ 071 1307 £ 0.13
BuOH  88.65 + 9.89 65.08° + 1.60 34426 + 6.88 233.54 + 7.55 5847 £ 145 2607 + 023

ACS-leaf: Acanthopanax sieboldianum (Makino) Koidz-leaf, ACS-stem: Acanthopanax sieboldianum (Makino) Koidz—stem, P.C.:
positive control (trolox for ABTS, L-ascorbic acid for DPPH), MeOH: methanol, Hxn: n-hexane, CHCl;: chloroform, EtOAc:
ethyl acetate and BuOH: n-butanol. ICs, value in the concentration (pug/mL) of sample required for 50% inhibition. Each value
represents mean = SD (n=3). p<0.05, p<0.01, p< 0.001 vs MeOH.
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Table II. Effects on alpha-glocosidase activity of ACS-leaf
and stem methanol extracts and their fractions

Alpha-glucosidase IC, (mg/mL)

ACS-leaf ACS-stem
PC. 93.48 + 9.82
MeOH 2,085.41 + 35.23 474.05 + 82.82
Hxn 1,985.62 + 4.77 2,436.19" + 82.30
CHCI, 1,693.67 + 238.54  1,139.09" + 29.34
EtOAc 301.89"" + 51.48 155.32"" + 4.07
BuOH 205817 + 26.59 461.75 + 21.31

ACS-leaf: Acanthopanax sieboldianum (Makino) Koidz-leaf,
ACS-stem: Acanthopanax sieboldianum (Makino) Koidz—stem,
P.C.: acarbose, MeOH: methanol, Hxn: #»-hexane, CHCl;:
chloroform, EtOAc: ethyl acetate and BuOH: n-butanol. IC,,
value in the concentration (pug/mL) of sample required for
50% inhibition. Each value represents mean + SD (n=3). *p<
0.05, “p<0.01,”"p<0.001 vs MeOH.

sbsksol] 9k Zlo g dRlEl o 5 kst A%
ol tigh A7t xlaE Fa/do] ok

et Mol &8 - o-Glucosidases AW 43} 3}
A Fo drsES TEFOE HIANA F glucoses
ST IE BARA ol BE st €99 sl 9
S T o] B0 JAAI= BrslEe] 43t B FE
et A% I A4S ve a9s Aok R §)
I} 2719 = 9 EIET a-glucosidase T4 50%
Alsted] o A5 FE(1C)E 5788 A¥+= Table
ol Gep AT o7 F9d WeE FEE9] o-
glucosidase &4 Aol sk a3k= Z7171 Yol vjaf &
< LA 50% &4 oA A4S UERll= A 0E Kot
Hoh a4 AR RIFAN, 71 S =8 ]
w3k A= QIR £7]9] g opAlHo|E EI&

F
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ol o
uy A T
O 2~ 5 a -
o7 el 540] =2 8l 9= 2% 859
o

S7hhe As gl F AAL 27h 271 HEs

odobAH|o|E £33l Hlsl 10 ~ 200 o] =2 =

< 98l F7H1 A7F Hasi

QIR it £7| REE9 F24Ee HPLC 3™
7t - A1E9] 42 HPLCE ol&stion, 7t Alge] F
87340l tigt HPLC chromatogram Z3R= oo} ko] A
ATt e 7] ARESE FRAJH-S phenolic compound
Z M chlorogenic acid (1), caffeic acid (2), flavonoid =4
astragalin (3), isoquercetin (4)S 17 3ste] 7o €83}
ot HPLCS ©]83F 2492 Agilent 1200-MWD (multi-
wavelenght detector, USA)E ©]&3}312™, Agilent
Chemstation softwareS &gt 8 &2 o] &=}, 7+ A4
ol gigt = 748 918k Capcell PAK MGII column
(4.6x150 mm ID, 3 pm, Shiseido, Japan)S AM&-SIA T &
A ZA0 24, 542 0.5 mL/min, column % 35°CE
7310 0.1% formic acid/acetonitrile (A/B, v/v)E B; 0%
1 5%, B: 108 16%, B; 25%: 45%, B; 35%: 65%, B; 405
1 75%, B; 4334 5%9] 2702 498 AAEkitt. HPLC
o] &3t 27T At £7] E¥ES] 4 chromatogram
Fig. 1 2 204 A|AI & v} Zom 7244 3ol m&
7} 233Ee] A 7F A¥= Table 1 YERAT

=
=
[e)
L.
Z

Table III. Quantitative results of major compounds in ACS-leaf and stem methanol extracts and their fractions

Chlorogenic acid Caffeic acid Astragalin Isoquercetin
(mg/g) (mg/g) (mg/g) (mg/g)
MeOH 5.0439 0.0004 1.5841 2.2651
Hxn 4.9587 0.0003 1.2969 1.8758
ACS-leaf CHCI, 0.2383 0.7701 0.9009 0.8557
EtOAc 25.2746 11.0345 0.4776 2.9881
BuOH 20.6082 0.1355 3.1354 2.0012
MeOH 1.0332 0.4417 0.0003 0.0002
Hxn 0.0935 0.0003 0.0004 -
ACS-stem CHCl, 0.4540 2.0451 1.1381 0.6139
EtOAc 69.7955 4.0603 0.2489 4.2476
BuOH 55.967 0.2583 0.2633 1.8278

ACS-leaf: Acanthopanax sieboldianum (Makino) Koidz-leaf, ACS-stem: Acanthopanax sieboldianum (Makino) Koidz—stem, MeOH:
methanol, Hxn: #-hexane, CHCIl;: chloroform, EtOAc: ethyl acetate and BuOH: »-butanol.
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Fig. 1. HPLC chromatogram of ACS leaves by fraction. A: methanol, B; n-hexane, C: chloroform D: ethyl acetate, E: n-buthanol,
1: chlorogenic acid, 2: caffeic acid, 3: astragalin and 4: isoquercetin.
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Vol. 50, No. 2, 2019

2 =2

= —

B AFNM = invitro S B3 Q7 93 &7
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