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Effects of Opuntia ficus-indica var. saboten Ripe Fruits on Protection of
Neuronal PC-12 Cells and Cholinesterase Inhibition
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Abstract Oxidative stress caused by reactive oxygen species is ascribed to many neurodegenerative diseases like
Alzheimer’s disease. Phenolic antioxidants can reduce the oxidative stress. In this study, ripe fruits of Opuntia ficus-indica
var. saboten (OFS) were extracted using 80% (v/v) aqueous ethanol. Total phenolic and flavonoid contents of the OFS
fruits (100 g) were 409.9 mg gallic acid equivalents and 72.2 mg catechin equivalents, respectively. The OFS fruits had
antioxidant capacity at 381.2, 298.2, and 3,219.9 mg vitamin C equivalents/100 g in ABTS, DPPH, and ORAC assays,
respectively. The OFS fruits showed protective effects on PC-12 cells against oxidative stress in a dose-dependent manner,
partly due to decrease of intracellular oxidative stress. Furthermore, the OFS fruits inhibited both acetylcholinesterase and
butyrylcholinesterase. Consequently, these results suggest that the OFS fruits might be served as a source of functional
materials to reduce oxidative stress in neuronal cells and to inhibit cholinesterases.
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LolM A whdx duje] Fuls 3, TSR olE FHE
AP TS AFHoE A8k, Wdxe] in viro PC-12 Al
AME BE g3}, ag]al obAE E-17 148l 8 Ax(acetylcholinest-
erase, AChE) ¥ FEZ37}4323) &4 (butyrylcholinesterase, BChE)
A 2sS st
HE X
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vlolEFYl C, Fitslgd, Zk(gallic acid), 71 (catechin), &
HAAZAETE Al (Folin & Ciocalteu’s phenol reagent), ABTS,
DPPH, MTT, 2,2'-azobis(2-methylpropionamidine)dihydrochloride
(AAPH), dimethyl sulfoxide (DMSO), 2'7-dichlorofluorescin-diacetate
(DCFH-DA), ZF 2 M Q) 2F (fluorescein sodium salt), OFHEZ
A7l g, FEIZU/IEE 4, acetylcholine iodide (ATCI),
butyrylthiocholine chloride (BTCC), 9-amino-1,2,3,4-tetrahydroacri-
dine hydrochloride hydrate (tacrine), 5,5'-dithiobis(2-nitrobenzoic
acid) (DTNB), ¢14+2H5-21H4~(phosphate buffered saline, PBS)=
Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA)°IA T3ttt
Rosewell Park Memorial Institute (RPMI) 1640 ¥j=], $-Efjo} &3
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} &£3F & 287 27 (Polytron PT 2100; Kinematica AG, Littaw/
Lucerne, Switzerland)Z 15,000 rpm4] & 3}(homogenization)3t
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(filter cake)ell ThAl 5% &u 100mLE &35l 5d FE224
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Ao, mg 24t FH(gallic acid equivalents, GAE)/100 g fresh
weight (FW)Z2 YERNSITE
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ATk FEepE 0| R WdE FEE 05mL, SR 3.2
mL, 5% (w/v) oFdAARFENaNO,) 150 uLE Este] 527 b
SAIKL H 10% (whv) AlCL 892 F7lste] 187 § wHgA17]
3, 1M FAIAEFNaOH)yS ¥l E3ste] 510nmellx §3%
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PBS &S o]&3te] 734 nmoll A 0.650+0.0209] SF==E 3]4
3 ABTS &9 980 uLe} Wdz 25 20 uLE £33, 37°C
, 734 nmoll A ST A 2SI A
shA T Hlolelyl Co] BFEFAE o83t HHIAUL, mg
HlolE}R] C F(vitamin C equivalents, VCE)Y/100 g FWZ U-E}
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DPPH #t|Zg o]&3t Akshix] 52 Brand-Williams 5-(18)2]
WS Wy sle] 2B 80% (viv) HERE-E E3hgRS A}
&3t 100 pMe] DPPH 845 Axd §, 517nmollA] 0.650+
0.0209] SF=2 MY WAz FE5 50 Lol DPPH 2

g A9} AR TS mg VCE/100 ¢ FW= JER)

ORACH S ©]-83+ 4155 Huang 5(19)°] W& ©]&
stk A7 25 uLel 81.6nM EF LA AE 150 uLE Hol
F T 37°ColA 1087 wRksiith. AAPH (153 mM) 25 uLs 5
712 Yo T FPF=A vlo|aZZHY|olE IE 7| (microplate flu-
orescence reader, Infinite M200, Tecan Austria GmbH, Grodig,
Austria)S ©]8&3}o] EF(excitation) 485 nm, = (emission)
520 nmell A FFEE 90k Ft vl 1 Ao ST A
7+ el wEt wdR FEE0| AtsR|Rgel] o3k ¥
&E o]gsle] FMoleHA (area under curve)S Al4tEl, Atst
W25 mg VCE/100 g FWE YERAITH

M= ufjf

B Aol A8 PC-12 AAMEF= American Type Culture
Collection (Manassas, VA, USA)2] A& ALE-3tH T Alxu| ks
918l ARg-gr ¥iX= RPMI 1640 ¥ix]ol] 10% EEE4d FBS, 100
unitmL YA, 100 pg/mL SEJEnte]ilS Hrtste] ALg-a}
RIL, 37°CAA 5% COE FAISH= M %71(AutoFlow NU-4750
Water Jacket CO, Incubator; Nuaire, Plymouth, MN, USA)°j| 4]
HjeFate] A8t
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AN EFQ] PC-12 Axo| thgk widz FEE2] T3t
29 A 9 AAHNE BiE%% HE FsiH MITHRS ol&
Atk AEZEA H7ME A8IA 96-well plated] PC-12 Ml X
2.0x10* celliwell2 EFste] 24417F vjoksldct Mdx &
< 100, 250, 500, 750, 1,000 ugmLe] F=2 2477+ F<t
S ST o] MTT Al9RS H7bskal 4A|7ke] Ad o
DMSOZ o|-&38t] Fulzk(formazan)S &3IA1A mlo] Lz Zd o]
E #A57|(Infinite M200)E ©]83t4 570 nmolH SFF=E 34
SIATh A2 FE4L Mdx FE5F FX w9 t3a(control)
o AZAEE thH] 90% ol AEES Hel sEE A4S

S ome e o off

= TR A2st &, kgl 2EYAE fE5
7] 918 100 uMe] H,0,5 1AZF B3t A28 o1F MTT Al
oFS HIFSIAL 4x7bo]l A v 570 nmell X FEEE A5



88 =2 Z35k8] %] A 48 WA 1 & (2016)

AT} AE AL

o
g
AZ YE2 532

@)= RS
A=

sjo] W25
AN
=

°©
Hoo
HHES

MZ L &8t AEZA &EF

Az W 4tst 2E#Se wiR]o] Fod3k DCFH-DAZE A X
2 Y59 Oﬂ/\Eﬂrﬂro}xﬂ(esterase)—J 13- E3&) 2! 7-dichlorof-
luorescin (DCFH)Q] Fel=Z H3d &, MEZ ] A (oxidants)
9} 9h&-3le] &g 29 2, 7-dichlorofluorescein (DCF)Q] A4S
=439 PC-12 MEE 96-well plated] 2x10* cell/wellZ
T 24X7F B BRI olF T W AIRE 244 7F 501-
2] & 50uM DCFH-DAE A|Zdl] 71ste] 3047 A2]stsit).
olo] Fakskrar 300 uMell 1A BRF =EAII & EF 480
nm, BE 530 nmollA FFEE FFSHY mlo|AZZH0|E A=
7](Infinite M200)S ©]&3le] A3 AlE Y 28t ~Ed
25 273 vwste] BEE(%ZE JERSY, SHHo= 3
WS AAste] Z7g 3kt

AChE ¥ BChE A&l &M

AChE A AL 96-well plateS ©]-&3+ AChE A3l =}
BChE AsHE Sl AF 3Tt ATCI®E BTCC7} 7+t AChE
9} BChE®] 7] J2 DINB7} 24 xeko & ARR-E|ITh AChE
Aol e WdZ F5% 20 uLet AChE (0.2 U/mL) 20 pL=
150 uL2) PBS°ﬂ A7FstaL 37°ColA 5E7F X e o)
DTNB (10mM) 30 puLet ATCI (15mM) 20 uLS 3718k th
BChE A& Z3 AChE®} ATCI th4! 02U/mL BChES}
10mM BTCC 713& A8 3 9lol= AChE Asigz 53
wao g 4eS At DTNBSF ATCI =& BTCCE H7h
gk 5 37°C wig71oNA 3083 AAAZ T, wlo|AZEE0)E
TH=7](Infinite M200)S ©]8-3}4] 415mmol|A] FR=E =439
t}. AChE ¥ BChE A3l €42 nM E}ZY THnM tacrine
equivalents)© 2 YERNI L, 3ukE A3 7 ZA %2519

=4
nE -%% 2 AT B2 33 WEsilon, AR SAS
2z (SAS version 9.0, SAS Institute Inc., Cary, NC,
USA)E oloaoau} Aol Aole AFe) fste] B
(ANOVA) #2418 2AA3A T, p<0.05 Fo5FolA dAAY
(Duncan’s multiple range tes) 2 -Fo|X& A5 T
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CHTable 1). BA|FZA =FAER= Thokst

) A St Opuntia spp2 WHE
29| 3% FHFS 2222.6mg GAE/100 g2

el EAR e,

1% 0. fcus—indicai e F2E 172mg GAE/I100g F3s
RATH0). AFEllA el O. ficus-indica®] =7 (stem)

-4 oﬂ]f——_'?‘ sHkS 1803 mg GAFE/g freeze-dried sample21), 4=
7](cladode)®] ¥l T2 1589 mg GAE/100 g1 TH?22). O.
f cus-indica BN F 45%5 A= FAHE(by- products)% =
Fylw SRS H9om, Alfajayucan(green tuna) #-5°| Pelon

ROJO(l‘ed tuna) FFHL} fFoldoz =& FyE ?}‘j’h— HAok

23). ol A7 A= E A7e Wiz Ao FuE dEE
= %Eiﬂ—‘ﬂ e Bolrh SulE ol MR ol e
WAz Fopd, AR Apelo] wAsly] Wimo R oA
%—%E}LOIE EE
g

%29 FZeH o= 3L 722 mg CE/100g FWo Atk
(Table 1). Tt Opuntia spp.i ‘ﬂ'% F2o] FEHR o= 3
2 9.6-37.4mg AAE =¥ (quercetin equivalents)/100 g2 °]
£ HATK20). O. ficus-indica (green-skinned cactus pear)]

3t ZEHxol=2l AME, 719 E(kaempferol), V\%Hﬂ‘?l
(isorhamnetin)®] 3= 6.95mg/100 g FW= Eoil(24) AT 4
Fof g FepRicols FHgo] Y2 o]f= HPLCE ©|§-st]
O. ficus-indica®] L3 FetR o= T Zé F 2437 d
o= dAckent

LR s
ABTS, DPPH, ORACH S |83} ® Lﬂ%}l 2

A= Table 13} Zth Mdx9] ABTSE ©

381.2mg VCE/100 g FWO]1tH(Table 1). Lﬁ“,
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5L Kol o EFQ 0. ficus indica®] ABTS H]Z 27
APIR] 5L 420-531 umol EZE2 F#(Trolox equivalents,

TE)/gol A TH25). WAL O. ficus-indica %21 Alfajayucans}
Pelon Rojo2] 7§ F-AH=o] ABTSHS o] &3 AshiA 5o 7}
7+ 66.32F 65.8 umol TE/g dry weightS RTH23). ABTSH A
EREx0] AspA]5E vlolelrl C AR 5] tiEF 50-80%
2 7Hv B HJTH17,26).

DPPH 2HH]2he o183 AtshiAs S4olM = 2982 mg VCE/
100 g FWOIRITH(Table 1). DPPHe] £]3h 2kshixlsel 243k

o] ABTSHl Bla] WA yepd 22 DPPH 4§}HPX] e
Zo] 517 nmollA] Wz FZEo] A e Hoae o=
B EFA]obd (betacyanin) @t W EFA ¥ (betaxanthin) &2 o] F6]7 1]
Elgl ol (betalain)o] A 7H] o= <Qlete] F3FS 7137 wEel A

o2 AZETH2S).

ORACH S 53t AR5 =AM = 3,2199mg VCE/100
g FWE Yelfdth ORACHS E3| =43 0. ficus-indica
Pelon FE02 TR 29| kPR 52 21.0 mmol TE/L juice
O]9 3(20), O. ficus-indica (green-skinned cactus pear):= 2.63
mmol TE/100 g FW2] 2shA5-S HATH?24).

Table 1. Total phenolic and flavonoid contents, and antioxidant capacity of Opuntia ficus-indica var. saboten ripe fruit

Total phenolic content Total flavonoid content ~ Antioxidant capacity
(mg gallic acid equivalents/ (mg catechin equivalents/ (mg vitamin C equivalents/100 g fresh)
100 g fresh) 100 g fresh) ABTS" DPPH? ORACY
409.9+30.1 72.2+3.2 381.2+53.6 298.2+£22.5 3,219.9+£346.5

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

22,2-Diphenyl-1-picrylhydrazyl radical scavenging assay
9Oxygen radical absorbance capacity assay
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Fig. 1. Cytotoxicity (A) and protective effect (B) of 80% (v/v)
aqueous ethanol extract of the Opuntia ficus-indica var. saboten
ripe fruits on neuronal PC-12 cells against oxidative stress
induced with H,O, using the MTT assay.
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AthFig. 1B). Wdx FE22 PC-12 AAAM 2] B&E&
T oEH o7 ZIMATKFIg 1B). AP SS 71 A
o oa) AAAEL BE &7} BRIRNEHAL, AF
Z9] 2bshix]Fo] w& A HoAHo|E B &Eo] PC-12
MAAE HE5S BATH28). 9 53] 9 & (passive avoid-
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Fig. 2. Effect of 80% (v/v) aqueous ethanol extract of the Opuntia
ficus-indica var. saboten ripe fruits on intracellular oxidative
stress in neuronal PC-12 cells using the DCFH-DA assay.
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Fig. 3. Acetylcholinesterase inhibitory effects of tacrine (A) and
80% (v/v) aqueous ethanol extract of the Opuntia ficus-indica
var. saboten ripe fruits (B).

olgje] AEES Hole Tk AlZke R A3 H0,5
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Fig. 4. Butyrylcholinesterase inhibitory effects of tacrine (A) and
80% (v/v) aqueous ethanol extract of the Opuntia ficus-indica
var. saboten ripe fruits (B).
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7F gl AXE AEES BATE 2 A7 A8 PC-12 Al
A sl Z2E# 27 A5t widze] odolAE|o]E 13
B oA BE gEH oz 7hAsTh28). Wiz TS F
Azl AAE, AuE 72 AT ER(24,28)0] AlE STollA
AR A 2 ALsle]l HO0M FEid Ae 2EZ22RE
PC-12 AABAEE BT 7|3z 202 A AXIT

AChE % BChE Xaf &M

AChEE o] EAlsk= 8 FY75E3l a4 (cholinesterase)
2, o dE S Z(choline)Zt oFAE| ] E (acetate) = -3l 3t
th o2 QI3 Fd T2 Ao AAAYEE FAske
AEE it} o] wiitol] Ygzate|wE Au) Y] FHA 41
A &S 9] 213 AChE AA|] 7de] o] Foj=|aL Jth
(30). AChE 7120l A& do7]= 202 dHA des 45A
o] A2l F2=9g| E2(chlorpyrifos)?} WX FEES Fo
Al Agste] Widx FE2E] AFAC dd 1 BHesS got
AT+E31) To] RAaHAoH, Wdx FE2E9] AChE A%
of gt A= wiulg Aot

AChE®] W&t e}=de] A3l5 ZFEF4ALS Fig 3A% 2oH
7 F2 095001 THFig. 3A). Hdx FEE A FEU 156,
62.5, 250, 1,000 mg/mLAlA] Fig. 3AS ©]-83] 42 AChE A3
5o 7H7} 26.1, 34.5, 39.0, 39.3nM EFZR™ FEo]R) oM (Fig.
3B), ¢l Mdx7} AChE &/4< Aslgdth= e onsitt.

¢

e

rlo

AChE®] 4 Z7}¢} nl7kX 2 BChE 8419 S7he &3}
olM3 X|ulj(Alzheimer’s disease)?] FL3F £ 9 shfolth
(32). WdX FZ2E9 AChE Adls #H7ke} tEo] BChE &4
A S H7 59T Bl28 ] BChE As)e2 Fig. 4A9 2o,
Bad FEFAL 2=09678 7HT 156, 62.5, 250, 1,000 mg/
mLe] Wdx &5 FLolA BChE AalsS 22t 146, 159,
17.6, 25.7nM E}T™ Gl sFsIthFig. 4B). Wz FE5
°] AChE &4& Aslsk= 22 vR7IAI2 BChEE Aslshe
Aoz Yehgth ol Wd%xS gsle] ARAAGEZS oA
gy} 72 ZF=-7E ol 28| Z(choline-based esters)S 3|5}
+© 34?1 BChE®} AChE®] &4& Asliske AIA (inhibitor) 71
A=)

0
12

WAZE 80% (vv) AEE-E EFgdoz FZee] FiE
g, FEH o= T, APMIAE, AAME Rea, AChE
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