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Protective effects of red ginseng treated with gold nanoparticles
against H,0,-induced oxidative stress in neuronal PC-12 cells
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Abstract Red ginseng prepared from fresh 6-year-old ginseng treated with colloidal gold nanoparticles was extracted
using hot water to evaluate its total phenolic and flavonoid contents, antioxidant capacity, and neuroprotective effects.
Water extract of red ginseng treated with gold nanoparticles (WERGGN) had total phenolic and total flavonoid contents
of 212.2 mg gallic acid equivalents/"Bx and 3.5 mg catechin equivalents/’Bx, respectively. The antioxidant capacities of
WERGGN measured using ABTS, DPPH, and ORAC assays were 272.3, 141.2, and 868.4 mg vitamin C equivalents/°’Bx,
respectively. The WERGGN showed protective effects on the viability of neuron-like PC-12 cells against oxidative stress
induced by hydrogen peroxide in a dose-dependent manner, partly because of a reduction in intracellular oxidative stress.
Acetylcholinesterase and butyrylcholinesterase, which degrade the neurotransmitter acetylcholine to terminate neurotransmission,
were inhibited by treatment with WERGGN. These results suggest that WERGGN is useful as a functional material to

decrease oxidative stress and neuronal damage.
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©] 2l (synaptophysinye S7H1A F7FeE 588 ARG B
JE S ATH3).

FAl(gold ashy= 84171%E <QlmelA 71918 7HE, AlEad,
B, 273}, T89S 2 S0l AMge Floz dEA
t(14). & ATl AR 5 YA FEol
nanoparticles, ©|3} & Yi=QdAHE M Ed 242 7F &3} 25
ZF AF-FA] Sprague Dawley F oA 548 UERA] eskth
(15). 284, F U=dAe AE 2 58 AgdA &
AslAE EA4 WHol, 2F] o T HAe] B
(16,17). =] F4E<A FAE Tt & 49y
#Aste Z2F4EHE A7 & Ax(superoxide dismutase)e} 7HEElo}
Al (catalase) B0l F7HHATH14). B Y=UA= Az
AL AAEEE AIEIAL(18), AR VA A
RAW 264.7 A FEoA] BAAE AASHE ASPAAZ 28
e Aos BIHTKII).
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ZHUANLZEHE A%(Folin & Ciocalteuw’s phenol reagent),
ABTS, DPPH, 2,2'-azobis(2-methylpropionamidine) dihydrochloride
(AAPH), HIENI C, 2R84, ik (gallic acid), 71| (catechin),
tlolwle A ZAlo] = (dimethyl sulfoxide, DMSO), 2',7-dichloroflu-
orescin diacetate (DCFH-DA), MTT, &5 28| M) 2&~F (fluorescein
sodium salt), oA SA7Es|ad, FYFA/eRs|as, of
0] 9 Y3} opA| "= & (acetylcholine iodide, ATCI), butyrylthiocho-
line chloride (BTCC), 9-amino-1,2,3,4-tetrahydroacridine hydro-
chloride hydrate (tacrine), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB),
Q1 2F$1 52 A 4*(phosphate buffered saline, PBS), T+ HEF
(sodium citrate), <14+ U8}-E(citric acid monohydrate), Z2]H]
g 31 & 2] & (polyvinylpyrrolidone; A 29,000 g/mol) Sigma-
Aldrich Co., Ltd. (St. Louis, MO, USA)IA FY3tA
Roswell Park Memorial Institute (RPMI) 1640 BJ%], %-Ejo} &3
(fatal bovine serum, FBS), Dulbecco’s phosphate buffered saline
(DPBS), #HUA & (penicillin), 2~E 3] Er}o]4](streptomycinyS Wel-
gene Inc. (Daegu, Korea)ollA T3l ARE-3I3 T

= LE-®IXt(gold nanoparticle) 20|E M=

F Uizt FRol=s (F)ol2guinto] & (Dagjeon, Korea)
oA Tt 7Fo] A 7|83 (electrolysis method)S ©]-8-3lo] A|
Z3FATHO). 20mm 7HAo] "ozl F /9] FF¥H(S emx10 cm
x2emyS AFo 7 A3, A2 (electrolyte)> ZH<=oll 20
mM FAMHEF, 10mM P4 d43HE, 0.01% SEHET

2YES o] BEQT pH 6.5-7.5, Aald 2% 80-90°C, AF
20-30 ASIA 3087F WRSAIZ] Fol] 5-15nme] W9le] F g
72} F2oE g9& A

& sHY M=

F YAt £98 A e ed Qlakel 20149 8Y
FH 102704 25 7HH o2 3xd AR AREiA & At
7t Aeold 13kels FE1he &4 5 AXE flEA AL
L3 Th FHHE TN FES IS & BAF WHO R
FA E AFSAL, 95°CAlA A7 FE F, ez
(HB-502M, Hanbaek, Co., Ltd., Bucheon, Korea)Z 60°CoA] 1
F &Rt 12} 7AxSEAL, 40°CollA 25 B 23k HERE AAE
o 4 FEL& FZ7](HD-RG 20000N, Habdong Machinery
Co., Anyang, Korea)oll 7% S4H¥e] 500 g3} ZF<(distilled
water) 10LE %3L 96°CAlA] 24A17F 5t FE3F4th

A FEEY Ny e ZUAZEAE %S
o] 43 WM 0)e R =AUt A8 200 Lol FF5 2.6 mL
9} ZHANQZEAE Ak 200 LS HF7ISIAL 68 Foll 7% (whiv)
13 S 2mLE AUiskal, olF 84 U HAA
750 nmellA =S st FF34 FEE(1I°Bx)
9 FoE e ZTEEAE S AMSSle] 4 (standard
curveyS 2HI%H & A 243190, mg 24t T (gallic acid
equivalents, GAE)BxZ WE ST}

EECEL0|E &2 53X

FEgR s e Kim 521 WHS ANt &35
Atk FEYHHoE I FFTHN FEE 05mL, T
32mL, 5% (wiv) oFA4kAFENaNO,) 150 uLs Esle] sEZH
TA1Z H 10% (wiv) FEFEFPIE(AICL) &9 H7tste] 1
7 9 WSAI71AL, M FAIAFE®NaOH)S B3 E3ete
510nmollA 358 436t 23 FEE(1BY 2
grrols geke BFEAR JHZIS o83l BFEIAS 3}
et & A% 439, mg 717 G (catechin equivalents,

CE)"BxZ UERJATEH

MSiKs &3

ArelR] 5& ABTS, DPPH 2 ORAC W& o|&3ty =43}
%th DPPH 2fiZtg o] &gt AR %2 Brand-Williams &
(22)9] HE Wt G 80% (viv) HlERE-= &
AS ARg3led 100 uMe] DPPH o)zt £98 Ax3 T, 517
nmollA4 0.650+0.0208] FF== St Al ARg-EFTt. &
FZ4 325 50uLel DPPH 2]z £ 295mLE H7leto]
3087 HHAIZl &, SHEE S5 S FEE(1°BY)
o] AEhA5-e vl Co EFEJAHE o] gdle] AL,
mg HEF] C Y3 (vitamin C equivalents, VCE)'BxZ L}ERNSITH

ABTS W ©o]§3 4shA5S Kim 5(23) ¥l et
=243} th. 1.0mM AAPHO| 2.5mM ABTS2} PBS 100 mLE
o] 70°C 2FFo0A ABTS #Z 89S v=391H. PBS &
Ao Z 734 nmol|A] ABTS itz 898 0.650+0.0209] &3%
HEle BEQATh ABTS 2tz &9 980 Lot =34 5
20 LS Egsted 37°ColA 1087 w3 734 nmoll A 5
2 =339 B34 FEE(1°Bx)9 AEPASS mg VCE/
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ORAC H& °]83 F8hd#52 Huang 5(24)°] W= ©I
L3 A7 25 uloll 81.6 nM ZFAAAFE 150 e &
o] & % 37°CelA 1087+ ST 153 mM AAPH 25 ulLE
F7IE ¥e 3 4=A vpo|aZEZYo|E = 7] (microplate
fluorescence reader, Infinite M200, Tecan Austria GmbH, Grodig,
Austria)S ©]-8-3}o] S5 (excitation)S 485 nm, 3 (emission)
520 nmoll A FFEE 1R HHoR F 90% 5 ST &
T4 FEE(1°Bx)Y AT ATl wt AshuR| g o] g
Hge] AAE o83t FdoleHA (area under curveyS ALt
122, A8PR 52 mg VCESBxZ YERAATH

of

MEM=Z v Y 25 S3t

Ao ALg-8 PC-12 ARZHEFE American Type Culture
Collection (Manassas, VA, USA)2] 7S AMESISIT) M viRS
8 ARE-SH Hi]= RPMI 1640 HiA|o 10% GE24 FBS, 100
unitymL HUAH, 100 pg/mL 2EZH EnjolAS H7lsle] ARE-3}
AL, 37°CNA 5% CO,Z FAIsHE Ml%7](AutoFlow NU-4750
Water Jacket CO, Incubator, Nuaire, Plymouth, MN, USA)°ll ]
i Fsted ALg-s Tt

PC-12 M2d] it G234 259 Ax 54 2 Alx B

s BW7HE f18A MTT WS o]-83Fth25). Falst v= 4
AL 93 AEEA F7R= 96-well platee] PC-12 AIEZS 2.0x10°
cellwellZ EF31] 4A|7F wjFstdt). Pz e C
&AMk, 34t FEES 0.00625, 0.0125, 0.025, 0.05°Bx
o] w2 AE Hel F, 3417 9 widS Sk o1F MTT
AlekS H7bskaL 3A17F ¥ DMSOE ©]8-3te] Enulzk(formazan)
< &8IA1A vlo]AZZHo|E HE 7| (Infinite M200)S ©]-8-51]
570 nmollA S$BEE Gt Ax FEEL 33T F=
B3 AFsiA &S thxd AEAES b 80% ol A
=82 He 52 AA3AT)

FFEa 2B AAAE BE FIE 9o 7]&3 Ax
A Ags 2 o NEE wigsiath FF34 FEE
AZ Ego] gle Hd =7k AEg &, JsltEd2E
=357] 18] 100 pMe] IS AS A7 B9t A2 s o]
F MTT AlekE "7k 3217k At Tt 570 nmollAl 53
T2 npo]aAR Zgo]E WE7|(Infinite M200)E ©]-§3te] =43}
ATt Alx AEES 2 vluste] WEE (%)= YERIITH

AEER 8 A AR 24 BP0 wEe Ansdrt.
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M= LY MStAERA £

AEZ U 4Fsl:E# 2= DCFH-DAS ©]43 JJEAgos
Z743HATH20). PC-12 MEE 96-well platee]l 2x10* cell/well®
B 5 24003 S ujdelslt. e dEEa FEES 1
7k 52t A7l ¥, PBSO| %21 50 uM DCFH-DAS Al 2o 7hst

307 HESAIZATE. ofo] AkEleA 300 uME 2417 54t
ZEA1713 WA, 5 480nm, WE 530 nmellA] FFE=E wlo]
2ZYo|E =7 (Infinite M200)o1A Z431Act AE W A

LU

srEd e awst vastel MEEO)R JehiAT, 53
Mo MRE Aol ZsHr,

AChE ¥ BChE X &M

FZ 4 3599 AChES} BChES] oAl 848 ztzte] 71"
2 ATCIZ} BTCCE AREEIIaL, A AJeko 2= DTNBE o]
3lo] Hwang 5(20)°] WS ¥¥3ste] Z4313ith. AChE A
g4 et w9 #5845 F5E 20ul, DPBS 150 uL,
DTNB (10 mM) 30 pL, ATCI (15 mM) 20 uL2 Z7}skaL 37°Cell
A 1027F kTt 8, BChE A 84 =4S Yalxe=
oot sx=o FFE4 55 20uL, DPBS 150 uL, DINB
(10mM) 30 uL, BTCC (10 mM) 20 pL= 718t 37°CollA 10
27k W89tk 2 & AChE (0.2 U/mL) Y& BChE (0.06 U/
mL) 20 pLE H7FeE F 37°CollA 10827+ WAL &, vho]A=
Z#°|E ¥57](Infinite M200)E ©]&-3t 415 nmolX] 2 =5
ARt SFEA 559 AChE @ BChE A 4L 34l
A8 3 nM EFF 3 G3(tacrine equivalents, TE)S ARE-3ho]
FHoz AT

0

oxl
Z o

A2
WE 3 9 4% BN 38 Eeglon], BARNL SAS

SAZZ 23 (SAS version 9.0, SAS Institute Inc., Cary, NC,
USA)S o] 8319t} Hatgke] 2Fo|= analysis of varianceS ©|-&
sted ERIBIAAL, p<0.05 FelEollA 9719 t%77d (Duncan’s
multiple range tes) 2.2 #2215 HZ3IT
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25 9] 23} dAREES] SRl HESHES 4, A4, A,
A, Z4F Soll gl £xE Jar, WAz $471(-0N)E
7RI Qo] ASPIAAZA es T ek ofEh, Y, 3
& A, FAS T2 ohekst AYEAE 7HITH(11,26).

2 Ao A3 1°Bxe] FEe4 FEES O 12g IFE
(solids)yS -3t UTH(data not shown). G F=&3 =84
o] &% S 2122 mg GAEFBxES E13(Table 1), o]& T
2 176.8 mg GAE/g X =0l a3t} 214} FZ(main root)2]
FHE 92 12.1 mg GAE/100 g dry matterZ X3 = ATH?27).
B Ao FFEato] ¢4 F2o vlE ¥ &L ' IS

o}
(28). Kim 5(6)° WEW 59 $4H8 o] 83 S4F AF g0l
A 93] 5 F FoE e of | IS, Lee
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Table 1. Total phenolic and flavonoid contents as well as antioxidant capacity of 6-year-old red ginseng treated with gold nanoparticle

Total phenolics Total flavonoids Antioxidant capacity (mg vitamin C equiv./’Bx)
(mg gallic acid equiv./’Bx)  (mg catechin equiv./’Bx) ABTS" DPPH? ORACY
Red ginseng extract 212.243.5 3.5£0.4 272.345.5 141.242.9 868.4+29.6

12,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging assay

22,2-Diphenyl-1-picrylhydrazyl radical scavenging assay
90xygen radical absorbance capacity assay
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Fig. 1. Cytotoxic (A) and protective (B) effects of water extract of
red ginseng treated with gold nanoparticles on neuronal PC-12
cells against oxidative stress induced by H,0,, based on the MTT
assay.

e 9HY At 2wt FHE S8 gAH0E SR 4
FS Beltky Busielck

ABTS, DPPH % ORAC ¥ o83 534 F2E9 A3}
W25g 2793 A= Table 13 2t 3584 552 DPPH
gozg o] &3 AR S-S 1412 mg VCEFBxO] Z(Table 1),
o] oF 117.7mg VCE/g ¥ & s|gech. DPPH |z 47
T a2 Aik AR Sl vlE) SAtellA FETE I
o atalix| o] F7Fetk HAEJTH2S). 5 FHeE
93] S T Aozl 4R DPPH iz &7Fo] il Hls)
oF suf FhETE HIFATKE). E3E 632 A4S o]&5t]
= wiiK(white ginseng)oll HIs| S-4tellAl DPPH &tz &A%
o] oF ouf AFdttia BIEATH26). B Aol ARES F
24 GAl, T4 Al FGelA AsPERIAIZE AEA BAdel H
A, Alxzdol A3 wEsiEe] & 7] Wi 4ts)
WASol F71etAE 2 oR oAAXIT

ABTS HE o83 23A 5L 2723 mg VCEPBxEA] 226.9
mg VCE/g I8 E°] 3133 th(Table 1). 58 FHo = 4¢ A
ZA] F4 37 BES4E ABTS U7 2758 718192,
93] F& F Aol vls| gAlA ABTS oz &AL of
5.0 71 Ao2 RIFPTKG). 3, ORAC HoZ =743
FFe4 FE2E AT 8684 mg VCEFBxE(Table 1),

400

300

abc abc abc

bc
200

Oxidative stress level (%)

Soluble solids content (°Bx)

Fig. 2. Effect of water extract of red ginseng treated with gold
nanoparticle on intracellular oxidative stress in neuronal PC-12
cells, based on the DCFH-DA assay.

ol ¢k 723.7mg VCE/g @& g3t}

MAEM=Z 25 S}

MTTHE ol&sle] =34 FE2E2 3A%F Ae 59 PC-
12 AZME e 35 54¢ A3+ Fig 13 2tk FA4E
2 tlETe] AEAEE(100%) TP, B84t FEE2 0.05°Bx
7HA] PC-12 Al AEL0] oF 88-2%E Ho], A7A Eo| thah
=4S Holx| AUTHFig 1A). FFT4 FE2ES NYSA &
3100 pMe] sl AE 1AIZE B9t A e PC-12 A2 o
Z(100%)00 Bl 2F 48%°] AJEE-S R th(Fig. 1B). WHH,
24 FEES vE AT AdPEe Az AESS F
T o)EFR o7 ZI7MZthFig. 1B). 0.05°Bx =34 325 A
YAl A AAEZE(58%) Y =2l HER] Co Mx A&
£(60%) 212 Aol fIATHFig. 1B).

5

o o

M= LY MStAE A 2hs}

B34 FE2E Ug AX W AEaE 2~ 8l Hrre
AE Fig 29 o) SAWRT 300 uMe] FAHEEAS 1A
7F e A T tlERa(100%)2 vlasie] fo)d o
2 =2 oF 244%9] ASlAEHAE FEETh Fduzed
300 uMe] HJER C AHEA], ASAEHAE 185%E A
th. 0.00625, 0.0125, 0.025, 0.05, 0.1, 02°Bx] =T F&E&
S A3 AP ZolMe zhzb 238, 230, 220, 212, 209, 194%=
T 9EHog HE Y AEAEYAE AN HTKFig. 2).

22319 EAE] Al Tl ak(caffeic acid), ¥EY Ak (ferulic
acid), AEJ2]2k(gentisic acid), A& AH(syringic acid) 5] &A1
oz dEATHE). dsitezs HEYAakm del-FulE akm-
coumaric acid)®], SR =0|EE2A = FlE|I0] Q4 F29] F
23 AE3AERE WEATH27). ASHRAA R ZHEsls o5 ¥
E33HECI(31), AE WellA] AslEEd~E ASIAA 1AM E
B3, AAAE 715 T 5ol dFS FUAS 322 ARG
(32,33). & Y=YAE AZs Anig 6d2 SiolE Rel,
Rbl, Re 59 thFat RAArtol vt ZEA8HTH9). 14t ALEd
F2E 2 AA|Abo]= Rgl, Rb1S FAraeirt §23k 4ls)
2EHARRE AAAIE BIsINTHI0). ol HA=3EE
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Fig. 3. Inhibitory effects of water extract of red ginseng treated
with gold nanoparticles on acetylcholinesterase (A) and butyryl-
cholinesterase (B).

AChE % BChE A

3FE4 FE5E9] AChE AT H719} tEo] BChE IAls
< ekt A8 w9l F=84 FE5S *2lA], AChESt
BChE 9A5S T 4%319& A3 thFig. 3). $=34 F

225 0.0000125, 0.000025, 0.00005, 0.0001, 0.0002°Bx= *]2]
Al, AChE 2Al52 z+zt <F 51.0, 603, 68.0, 76.7, 97.7 nM TE
o a3t (Fig. 3A), BChE A5 2zt 143, 160, 17.7,
19.3, 20.7nM TEUHFig. 3B). &=&4 %%%o] BChEE.TH=
AChEE ¢ 9Alsle &35 =itk BChE &
3 AjdA] AXHoz Frlshe Ao= %ﬂ%&;@(ﬂ). 9 Az
= A=33E 2 AMxAtel=rt i e FEES &
43t AFFEHNAN FHERANEAE JAst oHEEA
9] 28 AAXNA AAALE Hslele AAE N 7FeAE S
HojFrh

o ok
S

d

2 aTNE F e S92 Agsie 643 Qa] 2
A B et Aol BEAE 95 FE9 &
Y, FEhcolE FF, VPAS 2 A

WG, Ul 9T FREL Sk pEcp

booff & o
o, tlo i

o 7—}7L 2723, 1412, 8684mg VCE/"Bx A=y ﬂﬂ%t} FEES
ISR N E e AlE U ASlEEd XSS 7HAAA PC-
12 2ARAEL] BEEE FTE &R 57%17’%}. Tl 3

el sk

249l oY EAL 715

=22 =

AChE ¥ BChE €7

=

EZ38k8]A) 2| 49 WA 2 T (2017)

SEELIRE

g
=
AeIe TS o8 A 2 *Wi*mﬁﬂ 2z B

42 7S AXsAT

—_

10.

11.

12.

14.

15.

16.

17.

A =2

AREEEAHe] Ades AT
3 % ST A=A A

ol At shao] ] +3E AU No. A2014DD106).
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