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Abstract

The purpose of this study was to investigate effect of methanolic extracts of 10 kinds of wild vegetables cultivated in Gangwon
province on antioxidant activity, acetylcholinesterase, and [3-secretase inhibitory activities. Results showed that among the wild
vegetables, Aralia elata(Miq.) Seem shoot extract exhibited the highest total phenol content (84.65+1.08 mg GAE/g) and total
flavonoids content (70.77+0.55 mg RE/g), respectively. The antioxidant activity of wild vegetables extracts was measured by using
2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay. Aralia elata(Miq.)
Seem shoot extracts had the highest DPPH and ABTS scavenging activity (90.16%, 40.18% at 2 mg/mL). As a result, Aralia
elata(Miq.) Seem shoot extract was the most effective in terms of acetylcholinesterase inhibitory activity (35.94% at 1 mg/mL). In
the [B-secretase activity assay, all 10 kinds wild vegetables extracts showed low inhibitory activity, and Aralia elata(Miq.) Seem shoot
extract had highest inhibitory activity among the 10 wild vegetables extracts was 14.99%. Taken together, these results showed that
Aralia elata(Miq.) Seem shoot extract has potential cognition improvement impact, suggesting that it may provide an effective strategy

for improving cognition.
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9] 79 2050 Aolli= 65 Al ©]/4d2] =l H]&o] 2000 W E T}
oF 5H] Z7}5t0] 34.9%F Z=95HA Hoha HiEch
(KOSTAT 2015). 228 Q172] F243% FHE =l Ao
2 5EE opgel B9 Agte] wiEol 3ok
E9] 3to] w2 g=5lo|H(Alzheimer’s disease) T X| o
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A2 g FE L It Morris JC 1996). o] 23t 7] & QI
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(amyloid precursor protein, APP)O| TA} IOl A y-secretase,
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disease(AD)2] QAA]|7]'5 A3l X|ZAZ tacrine, donepezil L
galantamine 5-0] A~&-3}F] 31 Q] tH(Figueird 5 2010). 5FA|Tt
ojget FEES W2 A ol &EN 1= Fd 7Y A
o2 QI8 o] AT 5 S AALAI] Tralo] Fzs]
|EI ok

BAxo A A= BEAES F 3,200 9522 U
A Qlom, 11 FollA A7 5AEE A7 2 A
80 ojFo] AUtk AfF= 7154 /ol ELSHL, ol
83t AFETIIRASE o] wlHlshH, Qb Ado] S E
Hlo] @ A4 R A 9] FRFA QI A17F YRt AXolth
ot Aol b e EFElERe A7 Al =
22 % 2= 9)o|(Nurk 5 2009; Lee 5 2010), ¢1%]7]% 744
9 nFASAELARA) T1sAS BT A7 Baw
Ggolet. old] B AT BUEAH Aol Y B
1059 AYFE o= & Edds o, & S
o] 3, DPPH &tz &7 2/, ABTS 2|z 47 &4,
AChE A|3fj 21, B-secretase A3} &/d= S74J5to] L=
A A AR IA7E A AALNMEA S ZHAE
AESHA

2016)°1 4 Aui A o] 7H w2 1052] AP EH FEE A
o] ol AT, 1059 AAFRE FEUT
(Aralia elata(miq.) Seem.) <=, =2FR](Platycodon grandiflorum) B2,
S (Codonapsis lanceolate) B2, TV (Ligularia stenocephala)
Az, Arabs(Allium microdictyon Prokh.) Az, &3 (Ligularia
Sischeri) Az, V23| (4ster scaber Thunb.) Az, ILAFE](Preridium
aquilinum var. latiusculum) A%, 1128 Q7 F(Cirsium setidens)
Az, S YW (Kalopanax septemLobus) <747 0|H, 100% H &g
92 o]g3tol 25CoIA] 2447 5 2EFHATt. 25344
< 33] vhEstylow, &892 oA (No. 3, Whatman,
Maidstone, Kent, UK)Z o]1}5F & 3]745=7](Tokyo Rikakikai
Co, Ltd, Tokyo, Japan)E AF&5to] T EF35t9th 559
2 5 ZA7ZAZ(lishinbiobase Co, Ltd, Yangju, Korea) & -20T
oAl st Aol ARG 105 AP/ s24dx
E2 7t7H9] Ago] gh3o] 100% HE-EE 34 ste] Ao
ARSI 589 A 2ot FAof AMEE]= AR Sigma-
Aldrich Co.(St. Louis MO, USA)Z R 5}, 1 v+
BE Aere BAjo] Agd SFAGL A8t

]
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2. & Edlul= &2 &3
2 %= =S Duval & Shetty (2001)9] "ol wha} z+

A F&E, 2% Follin-Ciocalteau’s phenol regent 2 10%
Na,CO; & 1:1:1 9] H[ &R 3 & 1 A7 52t 9H-3A1H
t}. o]% microplate reader(Molecular Devices, Sunnyvale, CA,
USA)E °l-&ste] 750 nm oA FFE=E 54T & gallic
xid EEZAG o830l & W BES AT

EetEo|E FE ZF AR FEE 0.5 mL o 95%
ethanol 1.5 mL, 10% aluminum nitrate 0.1 mL, 1 M potassium
acetate 0.1 mL, 5575 2.8 mL& 7lsto] A20]A 30 &
59 H-g-A]Zt}. o] % microplate reader 2 415 nm oA &%
g % rutin EEFAE o] §sto] F EE o=
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4. DPPH radical AM&M =X

2,2-Diphenyl-1-picrylhydrazyl(DPPH) 2}T]Z A7%5- Ozgen
5(2006)9] RS HPsto] SHsHA 0.5, 1, 2 mgmL &
Lo B FE& 0.2 mLof ofe2= §5f?t 0.4 mM DPPH
|H 0.8 mLE 3d7Ioto] FAaolA 1027t BESAIFAT T8
T ZF2 microplate reader®] 517 nmoj|A] &30, the
Kol ofs}o] DPPH Bhiz £75S tehilch. PATZE

O 2% ascorbic acidES AFE-5FTH

_ Experiment

Z¥ AAX=(Y%) =
DPPH =t)Zr A 75(%) 1 Control

< 100

5. ABTS radical &7{&M &3

7 mM 22'-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS) &3} 245 mM HJAPEES E9t5to] aofA
OF 16 AIZF BESA|FH 01, 734 nm of|A] EF=7} 0.70+0.02
7F HEF 4R 05, 1, 2 mgmL =] 4K FEF 50
uL o] ABTS &9 150 uL & 37ksto] 4204 20 & &<
HH-3-A]#A microplate reader 2] 734 nm oA SFEE =75}
ALt T2 A olsto] ABTS &tz &A5S HEHILS

o, FHYYRLOZ L= ascorbic acid = ARESFSITH

_ Experiment

X 100
Control

ABTS 2tz £75(%) = (1

6. AChE(acetylcholinesterase) X{alf &
Acetylcholinesterase(AChE) A3} Z4J-2 Ellman S5(1961)2] Bl
£ WHEgsto] &I} 2.45 UmL AChE, 0.1 M phosphate
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buffer(pH 8.0) ¥ 3 mM 35,5'-dithio-bis-2-nitrobenzoic acid (DT
NB) 8912 125 9] ¥ &2 T30 200 4L & AR 7, A
A ZZE(1 mg/mL) 25 L 2+ 37°COA] 10 7t vHSA AT
o]& 71% 0.075 M acetylthiocholine iodide(ATCI) 25 uL & %
7Folom, B350 A|(Optizen POP UV/Vis Spectrophotometer,
MECASYS, KRYE AR&-5t0] 412 nm oA §8LE 5745131
th. AL che Aol ofste] sl

AChE A si&/d (%) =

[ Cabs — (Sabs — Babs) |/ Cabs < 100
Cabs: 0.1 M phosphate buffer®] &%
Sabs: A &=&E3} ATCI 7|8 &3&9] T4
Babs: AH] &89 T34k

7. BACE1(3-Secretase1 )X-I ol &t

A EE9] B-secretase A A A1 BACEI(B- secretase)
FRET assay kit (Panvera, Madison, WI, USA)S AF&5}o] =45}
St} Black 96-microwell plate ©f| reaction buffer 10 pL, substrate
(0.75 M Rh-EVNLDAEFK-quencher in 50 mM ammonium
bicarbonate) 10 pL, 3-secretase T A(1 units/mL) ¥ ZF AA) 3=

%(1 mg/mL) 10 uL & F7Fsto] A=2oflA 1 AIZF ¥EEAIX1
3 stop solution 10 L& 7}sko] ¥WRS-S AXAF T o|&
fluorescent microplate reader(Spectramax i3, Molecular Devices,
Sunnyvale, CA, USA)E ©]-85}9] Ex 545/Em 585 nm I}
A] Substrate 91 Rh EVNLDAEFK-quencher 7} [3-secretase 5.4~
ofa) wejzlol e FRwe ZYakck

8. ANz

BE YE 33 U Sgsle] Hage ANSAL, A
Tzk9] SAIA == SAS version 9.4(SAS institute Inc., Cary,
NC, USAYZ ol85te] 4319ich. 014 H412 ANOVA
A< AAI5HH, Duncan 9] B39 74 (Duncan’s multiple
range test) O 2 F-2Ad2 p<0.05 oA HASIIHT. A
A= SPSS statistics & ©]-&5}0] ASIF T

1. & E8|H= g2 & S22 0|= &=

HE54 SheES AEA 0 o ExE 0] gl 24 tiA
ARE O] ShUE A thokeh 29 BARFS 7HA] L Sl ol &
-2 phenolic hydroxyl(OH)7| & Z3tsl7] W&ol Thalg o 7]
et Ad BAs3 gA Ao, Akst a3 59 oot
AEEAHE 2= 02 A St Halliwell 5 1995; Kim

T 2000). 1059 A7 WS FE2E T F5 &oA F

rob
ofo
fol
L)
2
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RS - ol 5%t AR I A
Zus & EekE olE RS 717} 84.65+1.08 mg

GAE/g 3} 70.77+0.55 mg RE/g © & 10 % A& S0l A 713
e dFE Btk OE 959 AR & EulE I
£2(59.9240.36 mg GAF/g), 2rH](51.42+0.13 mg GAE/g), 1.
%) 74 7)(44.3740.20 mg GAE/g), TA}2](44.324031 mg GAE/g),
LHE%(38.7140.32 mg GAE/g), A1HS(31.90+0.18 mg GAE/g),
SUH(26.18£0.11 mg GAE/g), =2+4](5.23£0.04 mg GAE/g),
T (4.95:0.01 mg GAE/g) 02 % Z|uis o] 23
=90t B8 &2 AolT AR & Behriols gL
=3(43.23£1.26 mg RE/g), 1LA}2](34.93+0.42 mg RE/g), 1.8
A7 7(32.9240.22 mg RE/g), }H=3{(31.74+0.41 mg RE/g), L&
H](31.1840.36 mg RE/g), AFH=(22.00+0.30 mg RE/g), SU}5
(10.0640.13 mg RE/g)s=0 2 & St o] gafo] 245
Ao, =2hA| 9k HYy 7&%517\1 Sk TH(Table 1). of2|gt
A= 100% Hehs 4255 THoA =2t gy &
2rs 3 ST ol= ‘é—E——J F20| YFol e Aoz
= At EFF Hwang 5(2011)2 EA 2220 THE HH
I EbA| o] ol Rt AR AFollA EAESHA|
&2 Ty =EA oA F EF s el 0.60 H 0.59 mg
GAF/g O & $}gfo] o} W2 # o g H 1% H} Qlo] 7}0&&
A b Aegol HHT Heb] 2520 Y § &7

]L—_ ol __a]-_u;_io]l: ol-ako] zz%gz] O}% 2ojlog *]'i

Table 1. Total polyphenol contents and total flavonoid
contents of wild vegetables extracts

Total polyphenol Total flavonoid

Scientific name

(mg GAE"/g) (mg RE”/g)

Aralia elataMiq) ¢, 6511 08 70.7720.55

Seem.
Platycodon 5.23:0.04 ND
grandiflorum
Codonopsis lanceolata 4.95+0.01 ND
Ligularia stenocephala 51.42+0.13 31.18+0.36
Allium microdictyon 3, 941 1 22.00+0.30
Prokh.

Ligularia fischeri 59.92+0.36 43.23£1.26
Aster scaber Thunb. 38.71+0.32 31.74+0.41
Preridium agquilimum 14 34 3] 34.93+0.42

var. latiusculum

Cirsium setidens 44.3740.20 32.92+40.22

Kalopanax 26.18+0.11 10.03+0.13
septemLobus

Y GAE: gallic acid equivalent.

? RE: rutin equivalent.
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Hh A G dee 2E80) $ EYuE BT & =
HlolE §eF AT Lee 5011)9) Fit AT &

Hetg FEE] g FASE &4 AolA Bag ABH
deE FE22 230t AR & EYHs g5 Bt

2. DPPH radical 2H&N &3

DPPH tjZ &75-2 A Svjzo] d4itst 240 9
o SIEHA B Hapdo] 2AE = AP E o83 Y
O g H|WA 7tdsto] et HALNZRY Gt &4
< B4 off f-895tt} 0.5 mgmL, 1 mg/mL, 2 mg/mL Al
7H] HE2 543 10 5 AR e $&59] DPPH 2
o 2AEHY A= Fig 13 2 Y3 =24 &=
= AR A AHl 7 FEE014 F=794 22 DPPH
2 &7150] 7MY st 7HE %2 2 mg/mL 9
A FEEES 50% ©]449] DPPH SHHZ A7A52 HIS
o, 11 % 55 & "gs FEE014 90.16%= 7MY =2
2ASGE BT 7, 298], UEF vgE FEE0014
= Z}7} 88.43%, 85.74%, 81.83%% T8 & U202 &2
2AEge HAoH, Su, A, 94T, vk
Here 2Z2 B AL 27t 61.04%, 59.22%, 56.37%, 50.65%
9] o A2ASAHL Vet dutyo g 3G a5t
& Eodls ¥ St ol T AlolY] WA= w2 T
AAS YEPHTH(Gheldof & Engeseth 2002). Cha 5(2009)°]
Hugt viof] M=2d F5o= HeA sitEe] ol &R
o] glo] DPPH & ABTS 2tz AA%0] 43 A= 1
BRI o H, Lee 5(2009)9] Hilo] = F5 &oflA 22
H SR ot HiGA] SFEANAE B2 TS a5

10 a b — 0.025 mg/mL
S , 0.05 mg/mL
= Z . 0.1 mg/mL
g 80 7 0.5 mg/mL
H i 7| w1 mgmL
8 ; 7| mm 2mgmL
> ,, ,
£ B Z
2 60 1 ,, 7
[ |/ / Z
2
i ? 7 7
3 7 .

o 1= ] 7
8 40 2 7
s g %
£ v 7
& g 7
% 20 [ i ’
04 % i 4 9 7
- 2 2 A & 3
& S & F &S & & S oS
& g & £ KT F & &£ &
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Fig. 1. DPPH radical scavenging activity of wild vege-
tables extracts. Results are presented as the mean+SD of
three independent in triplicate. Means with different letters
above bars are significantly different at p<0.05 by Duncan’s
multiple range test.
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3. ABTS radical 2HEM =X

ABTS assay = 84S} 9H-2-51a] 2 9] ABTS 2
q%—.Q_ AH/H o]-_]"_r_ AHHH ABTS oko] /\]i == %_4 o]-
238} F5o] o8] JEAo] B0z e Y2 ol
St =2 Holtt. 0.5 mg/mL, 1 mg/mL, 2 mg/mL A| 7HA] 5%
543 105 AP R vlghe 2280 ABTS 2]z 47
24 AL Fig 29 2t} U, 2AE AT BE 235
=M s=RFoFo® ABTS 2t &750] S7HHR L
u, DPPH 2t 275 ATe} go] £5 & ehe 225
oA 40.18%2 7P E AATHL urEmiu}. AA Mo
DPPH Ztt]Z AA5HTE W2 ABTS 2tjd AALHE Y
Ehfigich o] ABTS i ol @hrjzo] |5t DPPH &= ¢
st 42 ehrigol=, ABTS & 1—’%*3711 4 B4 vE
483t 4= QAN DPPH & 32 254 E49] FAtstsg
243t} o] 23t o] F-2 ABTS am;* 2A%Ao] B} &
L& Ao=7 A ETH(Uchida & Stadtman 1993; Re 5 1999).

HU
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4. Acetylcholinesterase Xlsff &M

71998 A5t & QAA7]5 FNE EFLE sh= EFA
231 d=5to|HH2 AChE &4 S71E Qs Ach 7} &9
ol F94 AFAEEE 7leEAe] 8 URICE AA|
H3 Yot AAFHALEZRI ACh o] E3)E 97| s AChE

A | A| 2 galactamine, donepezil, rivastigmine, tacrine 5-°|

80

0025 mg/mL

0.05 mg/mL

= 0.1 mg/mL
0.5 mg/mL

Y
3

w1 mg/mL
w2 mg/mL

ABTS radical scavenging activity (%)
N s
3 8

N
Q¢ S IS & N
& N IS $ o e o & &
& & § A $ o
N S 2 & 9 3 & O 5 &
M EANC T Y KA A
& & & @ N 2 S
S
f & & 8 & & & 55
b S & RS

Fig. 2. ABTS radical scavenging activity of wild vege-
tables extracts. Results are presented as the mean+SD of
three independent in triplicate. Means with different letters
above bars are significantly different at p<0.05 by Duncan’s
multiple range test.
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o, o5 FDA 9 3|g5 o] A& A= ARESRAL Sl

oA ACh B% FAl= /X715 74 matel AHaA 7t
Q= Ao R HAE I TH(Coyle 5 1983; Shao 5 2004). ©|

o & A= 105 AfF 2559 X715 /I &
= gQlst7] 9l AChE A &4 ZHstlem, 14
= Fig 3ol YeUiQlHh 11 23, 55 & WeE 5500
Al 3594%9] 7V =2 AChE Asj&AdS Hlom, I3
(23.29%), ] (22.80%), 23 (1930%), 1EIAH
(14.31%), AHHs (12.65%), SUHE- (11.98%), TAFE] (11.48%),
Z2H2(8.49%), T (2.83%) 2= S ¥ =7 o
2E|Eto]A] A EAdo] YTkl HIlE ascorbic acid = G
2o ® AREESIOH, 1 mg/mL oA 48.25%2] A sH&/d

& X I tH(Dhingra 5 2006). Jeong 5(2009)2 ZHA| T 4 5
2t9] GeFEEE ol-doto] F4et 9 ACKE A4S =
e A, s gl 7P B 53 445580

71 =2 AChE JQAIEE Hskqith & AfoAE +
< %—?—%g«l 7}'0 %L;—% Ed¥s 2 UE
ol 7t =2 A Hol Ao 7 AlgHrh
E3F Lee 3(2010)4 _H_Lo]] rn} ™ 4 2 749 ACKE A
S 249 A3, tiRE 4 D FAof A= AChE 9
Al o] TAY S EA] LTt o]of & AtolA= 10
T AT vk FE2E F 859 AR FEE0] 10% °]
39l AChE A3} 2742 Uetdio] QA7) iAo =2
£ HA A FUEEAY 87 ¢ WS e ”&E}%‘:}

AChE inhibitory activity(%)

Fig. 3. Acetylcholinesterase inhibitory activity of wild
vegetables extracts at 1 mg/mL. Results are presented as the
mean+SD of three independent in triplicate. Means with
different letters above bars are significantly different at
p<0.05 by Duncan’s multiple range test.
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5. BACE1(B-secretase) Ao 2t

B-Secretase = o 20| & T Tl E o] ofu| Al TehS
Adksto] AR /g0l #ojstr| wiZoll & d=sto|HH X
BEAZ B2 A7 H3L QItk(Vassar 5 1999). ofof] & A+
A= AR A IFES & 4 Q= B-secretase T A0f Tf
g 10F ARF HeE 289 A 242 SHlH
Fig. 4 ¢} Zro] 75 & Hghe FE552 A3t 959 AH
7 FEEOAE 10% H|Te] A &Ao] TAEo] B
-secretase 4 A8 GXo| uu|gt Ao g JeEhton, £5

& HEHE 2EEoAX 14.99%2] B-secretase G4 A &
A& YA AlEoA £t EtE ol ERF IE
O] B-secretase A4~ AS&/J0] Urh= A= YA, 0]
Z-27) AL oA HakstA] Uth(Jung 5 2015; Youn 5 2016).
Fe Ao = F5 oA 2ETt SESR B-secretase
B4 Asfig/dol gt F7HAQl Aot AR 44 24 71A

_4

o gt A7t Wad Aow AmHrt
AmhaiH 2o
AN ZHT 105 A7 2589 § S

6.
2
Zehwico|= ekt DPPH 2tlZ 47184, ABTS 2tz
AATA, ACKE AT, BACE Aa12H4 k9] A4
£ Table 20 LrehigITh 1 A, § Bellls W &
Sehnico|= Fako] JEAL R=0982 2 212 (p<0.01)
o 7MY e ABVAE Y9, & el o
3} DPPH 2ht]2t 27424, ABTS 2l 2484, ACKE A

120 -

[ 1 mg/mL

a

100

80 -

60

BACE1 inhibitory activity(%)

Fig. 4. BACE1([3-secretase) inhibitory activity of wild
vegetables extracts at 1 mg/mL. Results are presented as the
meantSD of three independent in triplicate. Means with
different letters above bars are significantly different at
»<0.05 by Duncan’s multiple range test.
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Table 2. Correlation coefficient between total polyphenol
content, total flavonoid contents and antioxidant, AChE
inhibitory, BACE1 inhibitory activities of wild vegetable
extracts

TPY TF? DPPH ABTS AChE BACEI
TP 1 0.982" 0.884™ 0.959™ 0.930™ 0.894”
TF - 1 0.830" 0.922™ 0.909" 0.892"
DPPH - - 1 09177 0.925™ 0.706"
ABTS - - - 1 0914 0.834”
AChE - - - - 1 0.885™
BACEl - - - - - 1

) TP: Total polyphenol contents.
2 TF: Total flavonoid contents.

" p<0.05.
™ p<0.01.

S1€4d, BACEl ASjE/dE Ato]] AHBA A =2 43
A (R=0.884~0.959, p<0.01)2 UEFHQITH & ZetH o]t
g DPPH HZd 2784, ABTS HZd 2784,
AChE A dl&4, BACEl AJEAHE Alo]o|AE R*=0.830~
0922 2 SoH(p<0.0NCE =2 AAIAAS Jehfict.
oehA 2 Ao A AR $REo] Sl EetE kol

4 Hl= SiekEo] kst avel] w2 7o E Skl e &

g oheh, 917)% A EAE S JBBAL %2
selsigict.
20 U HE
£ A7oIAE A=A Aol /g B 105 A
F2 olg3l] FAS L AXY)S ML AT HAZAR
A9} S AR ) & B G, 5 Sepu

o|E 3s}EF, DPPH radical A4 &4, ABTS radical AAEA,
acetylcholinesterase(AChE) A3l &4), B-secretase & A A ]|
D42 BTk A R 2220 & Bes @
B} 3 BohuiolE YRS 2N AT BF ¢ 22E
ol A Z+z} 84.65+1.08 mg GAE/g, 70.7740.55 mg RE/g ©.& 7}
A} =9k o™, DPPH radical & ABTS radical A~AZHA] =70

M 75 & fgE 520 7H &2 842 Yol
oh AChE A3 &4 SHZHNME FF & FE=°

35.94%2 71 =2 A3 SAS St ESE Bsecretase &
A& A &2 10 AR F HEE FEE01A v|r|gt <
Aol WA, 11 F 55 & 2E2A 1499%

1059 K7 F25 & 7 &2 A4S el
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>
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o o] Atz mFo] H3E 1l F5 & FE=°] YA
715 A 2AZA Y B8 7HsA0l M w2 ZOR AR
5]“1 F7t AR 24 7% 2 A8V dse AT
& A7} A E]ojof & Aoz Azisirt.

E A= 20199
T2 XY ol =3

_H
O
nkﬂ
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