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Antioxidant and Anti-Diabetic, Anti-Alzheimer Activities of Stem from Opuntia ficus-indica var.
saboten Cultivated in Jeju at Harvest Time
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Abstract

In this study, we assessed antioxidant, anti-diabetic, and anti-Alzheimer activities of Opuntia ficus-indica var. saboten
(OFI) at harvest time. OFIs were cultivated December 2015~November 2016 in Jeju island. The 70% ethanol extracts of
OFI were used to investigate total polyphenol and flavonoid contents, antioxidant(DPPH and ABTS radical scavenging
assay), anti-diabetic(yeast a-glucosidase and rat a-glucosidase inhibition assay), and anti-Alzheimer(Acetylcholinesterase and
butyrylcholinesterase inhibition assay) activities. Total polyphenol and flavonoid contents of OFIs were 17.40~23.11 pg garlic
acid/mg Ex and 2.17~6.22 ug (+)-catechine/mg Ex, respectively. DPPH and ABTS radical scavenging activity of OFIs were
131.98~184.90 mg ascorbic acid(AA) eq/100 g and 63.60~101.83 mg AA eq/100 g, respectively. In the anti-diabetic and
anti-Alzheimer activities, 70% ethanol extracts of OFI exhibited moderate inhibition activity, compared to control (acarbose
and beberine). Total polyphenol and flavonoid contents, antioxidant, anti-diabetic, and anti-Alzheimer activities were no
significant differences by season, respectively. Therefore, information on comparative biological evaluations of OFI may be
a beneficial in exploring functional food and drug development.
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RS Futg s B 9 Y ARE HHeE 9l
a0 &&= o] grkLim 5 2016). HFA/NE £7]o] &
g AT Dok-Go 5(2003) Wiz 9] E7|9F Gufj <] ethyl
acetate S8 EZ E & E2]3l quercetin, (+)-dihydroquercetin,
quercetin 3-methyl ether 371X Z8}E 0| =7} ASIAEH A
of o3t A AEZe| AAo|H, Galati F(2001)> EHA
A7 £717F Yo, Neibi 5(2008)2 7FE 3o &3]0l
1 Z+zb B 38tk o] Qo= Hwang 5(2015)2 gHAksta
-, Kwon 5(2008)-> &4, Yoon (2013)2 A A AL B4
B7ke] it dA7F BarEo] ok BRPAUE ] Tierg it
#E 7=+ Lee 5(2016)0] AuiA| HEAF= H H3l)
ALl et RAA/NY £719] 70% ethanol F+ZE9] a-
glucosidase Ao & 3}7} 912, Butterweck 5(2011)0] =
Uz £7]19 & 550 A% 3% B30 =2 71
BAlzzo A 9 Qlad EH]of A& F7HAIA 27 Fixo] &
A olats AL Lee S(2005)2 5327F BAAQAA &7]9k
i E Hel ratof] A BFA/NY E715 e IFoIA =&
@5 glucose7} Wot G i}t X g a7} Qlrk= A
o] HaEo] Qir}. EF, BHHAAGS d=sto|met B
H AF=E Cho 5(2007)0] HAAUNGEY] E7]19 50%
ethanol $Z&5E2X ¥ butanol E8E-0] amyloidB(AB)o] 2|3t
NAF £l B3} chs A7} Hwang $016)0] A%
oA ALl Auigt P Il 80% HE FE2E
< S PC-12 ABAZ BT 9 ERvEeas HHd
AF7F Harx o] Qik sRA|RE 11 919 HFHAIZ|E HPAA
& E7)0 B T D F=sto|n wE B A=
u]&gk Aol

oA 2 Ao e ATz A £719 HFA
71d £719] & Esded & SS Rl S |
A5ta1, SHASIEAE 712 DPPH radicalz} ABTS radical A
A &A, & G GA OS2 a-glucosidase Y rat a-glucosidase
AA LA, § Fd=3lolw A F7IZE Acetylcholinesterase
(AChE) ¥ Butyrylcholinesterase(BChE) A3l &4 H7}5t
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Hanil Science industrial Co., Inchen, Korea)s}o] AF5H-S 34
sheich 9 9L 23] whEake] slat A5
No. 2 GlTHAI 2 oloket T 7t E3kel 13} ZRe] g
3 st FAAZSHFTE o] F, ] 70% ethanol XA Q1%
Z£7| 25259 SHAX B8-S 5,10, 125, 25 mgmLE &

22 248k Yol AHgatoc

HAPHANE €719 & E9¥s T2 Dewanto 5(2002)
o] o wt S5 S mgml =2 Al& 100 pLoj
2% sodium carbonate §-4-& 2 mL F7}gH &, 3E7F A2
W28t 0], 50% Folin-Ciocalteu reagent 100 uLE 7}
5Fo] 3023t A2l A W3] = UV spectrophotometerE ©]-§
sko] 720 nmof A FFEE AT EEEE2E gallic
acidg ARgsto] S AT &, & S = Al
= mg Ex(extract)d ug gallic acid2 YeEFJ AT

HAAIE €719 F STH0|E T2 Jang 5(2012)
o ®of weh ST 5 mg/ml FE2| A= 250 pLoj|
3 1 mLe} 5% sodium nitrite 75 uLE FH7Fet &, 587
Al &0 ¥X]5ITE o] 10% aluminium chloride 150 pLZ
7K 7, 6127 AL2o|4 A Fofl 1 M sodium hydroxide
500 LS H7Feheleh. o] F 1187H ALoA BA T, UV
spectrophotometerZ ©]-83}o] 510 nmoj|A] ETLYEE &
Aot FEEZZ = (H)-catechin hydrateS ARl HFA S
AT T, F BeRo|E TS AR me X g (b
catehchine©. 2 e ¢t

4. etz 2y @It

BHAHARA £7]2] DPPH radical scavenging €432 Blois
MS(1958)¢] Hh#iof uhe} =45ttt DPPH(1, 1-diphenyl-2-
picrylhydrazy) S MeOHe| §35}e] 9Hlel] mabshsich. A2
@} =2l L-ascorbic acidg ThoFet 5 =2 3]43te] 2+ &
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=9 A& 160 pLof] DPPH MeOH &9 40 yLE &7}l ch
o] TAES TEIS| HHSIHESE 3027 G A AT
3. UV spectrophotometers ©]-83}0] 520 nmoj| A SF =9
a5 275k AEAC(L-ascorbic acid equivalent antioxidant
capacity) = LA UT

BAMAA £7]9] ABTS radical scavenging 842 Re &
(1999)] W of wat 245k} 7 mM ABTS(2,2'-azinobis-
(3-ethylbenzothiazoline-6-sulfonic acid, Sigma Chemical Co.)2}
2.45 mM potassium persulfate(Sigma Chemical Co.)& 1:1 H|&
(VVE T 3, 12~16A7F A2 A AHr-g-5te] ABTS
radical o] FAA|ZIT) o]F, UV spectrophotometerS: ©]
&3to] 735nmofl A 0.70+0.027}F =5 A A7 A2
& Q] L-ascorbic acidE thoFst == 2 3|A%le] ZF =
H AR 20 pLof 314 A1 ABTS 889 180 pLg 3H7}st
Ak o] THES FE3] WSS F 3027 oA BES
AlZ1 &, UV spectorphotometerE ©]-235}1o] 735 nmoj| A &3
=9 IA2AE F45te] AEACE YERR T
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5. &gz &N o}

BAANA £7]9] yeast a-glucosidase A AL Li 5
(2005)2] HHof wa} A3}k a-Glucosidase:= 10 mM
phosphate buffer(pH 6.8)& ©]-83}4 0.2 unit/mLZE A 23},
2.5 mM 4-nitrophenyl-a-D-glucopyranoside(pNPG)+= 100 mM
phosphate buffer(pH 6.8)0 S84 Aol ALg-aheict. ztzt
9] A& 9} positive controlQ] acarbose= TS H= 2 10%
DMSO= 3]As}e], Z+ == A& 20 uLe} 712 20 pL, 100
mM phosphate buffer 20 uLE @11 yeast a-glucosidase 20 UL
£ o] shaking F, 37 Col 4 1583+ Gkt o] 02
M sodium carbonate solution 80 ULE @o]FFo] W2 A A A]
71 &, UV spectrophotometerE ©]-235}4] 405 nmo| A SF &=
o) Zraxg 245k

BAXIA £7]9] rat a-glucosidase A 42 Hwang
=(2011)9] Ho) wat 24319 th Rat intestinal acetone
powder 1 gol] 0.9% sodium chloride solution 10 mL2] H|-&Z
w43}t &, A4 BEsto] AEHE aag ARESIRlen, S
mM pNPGE 100 mM phosphate buffer(pH 6.8)°]] 3| A|A A
Fof| ARgstaT). ZHzhe] A2} positive control Q1 acarbose=
thoFsl =22 10% DMSOZ 3]45te] 7F =%d A|& 50 jiL
o} &4 100 pL, 713 50 uLE g o] shaking &, 37 CojA] 20
B7F dHkS-3tt) o]Z UV spectrophotometers ©]-2-514
405 el BY=9| 4aHE 2Hstgon, 2ztel o)

SO0 TheTh 2L A olgste] ehhett.

(Ac— As)

A& x100

A EFIYEIA

AcE negative control®] &34 = ZholH, As= A|R9] 3%
T Zrolt}. Positive control-& 10% DMSO9]| ¢l acarbose”7}
g9

6. X350/ & BT}

HAAA £7]9] Acetylcholinesterase(AChE) X Butyryl-
choliensterase(BChE) A 42 Ellman $5(1961)9] #i2
Zaste] 24319 k. AChEQ}F BChE:= Z}Z} acetylthiocho-
lineiodide 2} butyrylthiocholine chloride”} 7| A2 AMEE Q1T
Z+Z+e] A2} positive controlQ] beberine2 ThFSH HLE 2
10% DMSO9] 3] 435}e], A& 20 uLo d4 20 uLet 0.1 M
phosphate buffer(pH 8) 140 ILE Y31 1527 AL0fA] ¥
%, DINB 10 uLo} Z+2+e] 713 10 uLg 91 1587 429
A B3I} o] & UV spectrophotometerE ©]-83}¢] 412 nm
NN FFE=L FaXE SR, 24429 A& (%)
o2 22 A o]&ste YERich

A& (%)=

(Ac—CAs) 100

A

Ace negative control®] T4 % ZholH, As= AR 9] &%
T Zkolt} Positve control2 10% DMSO9]| <1 beberine®] A}
|= At

7. SHEN

EAEAL SPSS E 4| = 2 13 (Statistical Package for the
Social Science, Ver. 12.0, SPSS Inc., Chicag, IL, USA)& ©o]&
shol 2t 2] WY BRAXS 4S5, H2 719 3
o] §-FE one-way ANOVA(analysis of variation)2 £A]3t F
Duncan’s multople rage testS ©]-23}14] p<0.05 ~Fo A T2
A<= ARSI

AAN7I T BANNE S0 & BeloETt & B
2t o= e 24 L= Table 17} Zro] Uelbydet.
Aol A e 2PN £719 & Eu= TS
oA z}ol= Qilony, 74 23.11 pg gallic acid/mg Extract
(Ex)Z 7F =4 YEta, 4931 119 1740 pg gallic acid/
mg Ex2 713 WA Uehdel, Bukao)x SAHeR A
< Uire 71eel w3592 &, 6892 o F 9-11492
7hE, 12292 ALR FESto] vt A= Table 29+ 2
o] Uetth A d w2 BHAR/NY £719 & Z29
= TS 19.64~22.59 g gallic acid/mg ExZ 2|7 zlol=

N
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Table 1. Total polyphenol contents and total flavonoid contents of stem from Opuntia ficus-indica at harvest time

Total polyphenol contents

Total flavonoid contents

Season Month (ng garlic acid/mg Ex) (ng (+)-catechine/mg Ex)
March 21.79+4.51%) 4.5140.14°
Spring April 17.40:3.70° 3.70+0.31°
May 19.75+2.17¢ 2.17+0.08'
June 22.78+0.03° 3.93+0.09%
Summer July 23.1140.23* 6.22+0.18*
August 21.88+0.35 3.27+0.228
September 22.1240.29° 3.89+0.31%
Fall October 19.44£0.14° 3.39+0.19%
November 17.40+0.13° 3.23+0.43¢
December 20.50:£0.43° 4.95+0.34°
Winter January 20.22+0.25° 2.68+0.17"
February 20.62:0.20° 4.23+0.24%

D Values are shown as meantS.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s

multiple range test.

Ui 92gkoLt, A0 2 Bk 7kg o] 19,649} 1965 g
gallic acid/mg Ex& H|2:3F 2208 A Jebga, o
A Lo]| 22.599} 20.45 ug gallic acid/mg ExZ H|=3t 502
A Ueteth olfd dFARE A7, A7), F710 =
g o] F EYHE ol 92.10~104.45 mg/100
g0 $8A7]0] Apglol Mt £ 02 UEd 474
Thol GAFSHA UEbdthLee S 2010). E3E, A Zo) Al 2 uf
d BAM% E7)9) & Behuiol= g Ed $o)4
Z}ol= oy, 7€) 6.22 ug (+)-catechine/mg Ex2 713
=7 yEREa, 599 2.17 pg (+)-catechine/mg Ex2 714 W
A heksteh, 23480 w2 RAM 2719 F S
Lo|& FFL 346~4.47 g (+)-catechine/mg ExZ -3-2]& =}
o= U] gkgtoLt, Ao 2 2t 7420 3463} 3.50
ug (+)-catechine/mg Ex2 H|&3E 202 WA Ui, of

E3} AL 4473} 3.95 ng (+)-catechine/mg ExZ H|523t 4=
F£02 A vebgth olgdt A Ais 53k o Foll Al
o AlEAY & Sehu ol geol 22E 2101 me%st 1924
mg%E A7 o Aglo] Bt fEo R vehd A
sk AFHA LhebgthHong 5 2005),

2. ehitst gt ™ot

X710 e BPA/NE £71¢] 4tst &4 DPPH
radical¥} ABTS radical scavenging2 7}l 1 Z3}E Fig
13} Zro] Yyerlitt. dH4ksE A4 9] A2 L-ascorbic acid
5 BFE=Z ARE3}o] ABACTHmg ascorbic acid AA equivalent/
100 g) o= AFEsHGITh AlFolA Aue HH AN £719
DPPH radical scavenging 842 32|14 z}ol&= glloy, 649
o] 185.78 mg AA eq/100 g ExZ 7} =4 e, 119

Table 2. Total polyphenol contents and total flavonoid contents of stem from Opuntia ficus-indica at season

Total polyphenol contents

Total flavonoid contents

Season (ug gallic acid/mg Ex) (ug (+)-catechine/mg Ex)
Spring 19.64+3.46™51? 3.46£1.19™
Summer 22.59+4 47" 4.47+1.55™
Fall 19.65+3.50"S 3.50+0.34™
Winter 20.45+3.95™ 3.95+1.16™
Year Mean 20.58+1.89 3.85+1.07

" Values are shown as meantS.D. of triplicate. Different small letters in the same line indicate a significant difference at p<0.05 by Duncan’s

multiple range test.
P NS: Not significantly.
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Fig. 1. Antioxidant activities of stem from Opuntia ficus-indica at harvest time.

131.98 mg AA eq/100 g Ex2 74 @A eyt 844
¥ R AAA% £7]2] DPPH radical scavenging 432 154.61~
176.75 mg AA eq/100 g2 -0 o]z} LhephA] okof
Sy, AdiFR oz B3l 7120 ZHzF 154.613} 157.77 mg AA
eq/100 g& = B3 E 02 WA Ueyton, 53 AL
o= Z}Z} 176.759} 169.43 mg AA eq/100 g© 2 H]=3 =&
o2 A etttk wEbA A A8 & EYHE S
H]5=23t 3k o 2 DPPH radical scavenging &AJo| B3} 7}-&
of %11, o F3 A& A yetHth ol 2= A
2253} #e)& A8 methanol FEE 9] Za]|x 35HE o]
%718~ DPPH radical scavenging &4Jo| Eth= 123}
2} A%t Yoo & Jeong 2009, Kim 5 2010). A=)l A A=
B BHAJA £7]9] ABTS radical scavenging 84 E3F &
9|& zpol= gilon, 299 101.83 mg AA eq/100 g ExZ
7WRF =A UrERE AL, 499 63.60 mg AA eq/100 g ExZ 713
LA Uebetth 848 B4 £719] ABTS radical
scavenging &AJ-2 75.98~93.24 mg AA eq/100 g&. 2 §-2]Z
Aol ehA erstor), AdRom Bt shgo] zzt
75.98%} 78.61 mg AA eq/100 g&. 2 H|=3%t 2207 A U
Ehgon, o231} ALl 717t 85549} 93.24 mg AA eq/100

g2 2 HSRt 2o ® w4 Yeylth oA YFHAZE B
AAXAA =712 DPPHR} ABTS radical scavenging &4d o] tt
Aoz YehgEd, ol RPAIH £719 ohofdt 3}
E50] Y &3, Holgs o2t A, Ayt
A A 5 FAket 2D E] TR A8 713l 9

olo 119& rlm u

3 Aoz AtmErhLee 5 2008).

3. Eoho SN B}
HHE S4B aokge B9 BRIt BURE ¥
sElel Wgol ok ek ole@ n¥F Aol e

ol
a1} ded 849 dgoer Zro] NEZYR o]Fs}
A Hof Wo] FAHAZ YobAok s, lae] Ba
(18 Fxi)ol} e&d AFAHRE Gz Qs &8

gog 9L AE edolatn FthKim S 2010).
dt BAGle] 1BFS A7) Al 2% elA ol
dFE 2 Bash= 842 a-glucosidaseE A XA &
Wal 7)HE BETHKim 5 2006). TiebA 3
AlZlo] wE BRAAJNY £719] 3= B4 B7H= yeast a-
lucosidase 9} rat a-glucosidase inhibitionS 8 7}35}e] Fig. 29}
Zro] peiiet. AZolA AuE RPHAE £719 yeast a
-glucosidase A &2 10 mgmL2] F=oA 19.06~1.93%=
el o, o]= i 2Ql acarbose] ¢A|&©] 1 mg/mLe]
RN 55.74%2 UreRd R e Aol 4o
Y BAMNA £7]9) yeast a-glucosidase A EA]-2 29.45~
2%z §e14 Folsk LEpA ghgtoL), AR oz o
2045%2 71 we B o] e, 7kt AL 2t
7} 56.273F 5435%2 H|23t £EO0 2 £ ARG o] YEt
ok BHAIA £7]9] rat a-glucosidase A& 25 mg/
L] & oA] 28.07~5.65%2 et oL} o] izl
acarbose 2] A& 10 mg/mLe] = o)A 62.75%%2 YERST

oft du o o
mlo i wy |
:L
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Fig. 2. Antioxidant activities of stem from Opuntia ficus-indica at harvest time.

AR e Biolth $TARY RAMAR 5719 rat o-
lucosidase A &AL 33.26~7.63%2 -2 x}o]|7} LERY
A gFskoy, AdiHo R Fofl 30.00%F 7HF @2 A
o] UEEAL, oF, 7he, ASole 47 46349 52.62,
1% 05T 2F0 2 e R0l ekt v
g AR, Adx &7 FH FEEL 1 mgml FEoA
rat a-lucosidase &JA| &4 0] 25%2 YEFGTH= A (Lee 5
2014)9F e A g BAANE £7] et FE5E9 rat a-
lucosidase A &AJo] T =2l acarbose”} 0.1 mg/mL 5=
ol A 69.75% A ej&/dE HQl W, 1 mg/mLo|A Ada A
] RPN £719] A /0] 29.72~45.73%, 10 mg/mL
o A= 68.91~78.51%E Frof WE A3 &9 AolE B
ol A7t BaEo] Qlth(Lee 5 2016). wabA EAAAR
£7] 589 a-glucosidase A3 B> AR, FEA]7]
Ho A g9t FEEY A2 Sl g8l thgsiA vee
o o, o Aol =2] Z}o]E a-glucosidase E 49| 7]
ol w2 Holz ARHL.

4. SUXSI0|H & EIt

Fzaolm F2 1o ofa) w750
Hott Hay Hanos gEd 54
o] Lrehdth(Lim 5 2013). 2 3to]m ] W
A FHEA esrort Ash A FAY A

o)
™
)
|o
fu

Elo

T

N

12

o
rEodo o B

3}, amyloid plaque /4 52 2] o s fFEE T
HE3 e (Chae 5 2012). £3] g=sto|H o] x4 F
Al 71998 ZHEEARS Cyole 5(1983)3 Talesa(2001)9] 2
o YA AFAGEAT YHg BHo] Yk HEgl
t}. oA " ZH(acetylcholine: ACh)2 cortical F+H-2 EAIS}H
A B3t 7ole] DAl dBE sHed) oy 1o
Ao, 22 417 AUA BERe] BARE Acctylcho-
linesterase( AChE)= o[ 222 & ofAjEjo|Ee} B0z 7}
FEMAA AFAES FEAIItHHwang 5 2016). @A
gzstolm ] Q12|7|5S HAsHAU, WS =371 Hsh
AChE #|{A| 2 olEZH Y| E3lE Tol ofMEEFHY &
= ¥ole 71dE Z&3ch sHARE o= Greig NH
(2001)3} Giacobini E $(2002)0] )3 ]9 wA|Zo 2 ¢
Z]3}= Butyrylcholinesterase(BChE) A7} &=3}o|H A}
9 JIXFE FT B vk B E o] AChEY} 7 BChE
nE gzsto|uo] Fast a9lez B ik wEbA AH
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Z Yelg oL, ol ti2#2l beberine®] JAE0| 0.3125
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Fig. 3. Anti-alzheimer activities of stem from Opuntia ficus-indica at harvest time.

mg/mLo| FEoflA 94.88%% eIt ARG W2 otk
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A gkokon), Aoz AL 22k 26237 43.63%= 7}
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