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Abstract

The avocado is a widely grown and consumed fruit that is high in nutrients and low in calories, sodium, and
fats. In this study, antioxidant activities and induction of apoptosis by methanol extracts from sarcocarp, seed and
peel of avocado were investigated in vitro. Contents of total polyphenols in methanol extracts from sarcocarp, seed
and peel were 13.89, 137.12 and 223.45 pg/mg respectively. Radical-scavenging activities of the methanol extracts
were examined by using a,a-diphenyl-B-picrylhydrazyl (DPPH) radicals and 2,2’ -azino—-bis(3-ethylbenzthiazoline-
6-sulfonic acid) (ABTS) assay. The methanol extracts from the peel of avocado showed higher scavenging activities
against DPPH, ABTS than those from sarcocarp and seed. Apoptosis in MDA-MB-231 cells mediated by the meth-
anol extracts of avocado was associated with the increase of activation of caspase—-3 and caspase-3 target protein,
PARP. Therefore, with more researches on identification and action mechanism of active compounds, the methanol
extracts from peel and seed of avocado is expected to be a natural source for the developments of functional food

and medical agents to prevent human breast cancer.
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53 o2 F9u AVIE g, A2 280t
2 &S AAstE 7|Z O Z apoptosisol] B3 A
T7} %O] Hiﬂ‘ﬂ A=, apoptosisE M E Yio] T2
E wet o8 R Hd g v A s
45401 doju= 55 Al XZAloH, 11 B34S
%EH A4 E apoptotic bodyE-2 FH 2] AE S| tl 4] A
Z Y AAME ALl gl AARSEZN dFS FdstA
2=1H12,13).

St o} RIS (Persea americana Mill)& 2 &880 2
Lauraceae@} ol &8 2 A, WA 29} <4 ofvg]71Y
o o] A ‘?r"zﬂﬂ‘”‘jri °Lﬁ74 ATk OFEIIES FFL oF
5003702 A o, REI} Persea americana Mill.
Syn. P. gratissima Gaertn°ﬂ £31tH(14-16).

olRItEE FAGHE)Y #FLolM17), o] T 4&H=
25% =) H(18), oIt XA F

53e] A Aol
NG 5T AMAre BB ESAE|T1Y). 0|9} 2
D O o

gAY YR AL £33 AP 113‘-;}
%H Od%lﬂﬂ ATH20-22). 0}17} og%

B, Vit. C, Vit. E(24), terpenoids(25), D-manno-heptulose
(26), B-sitosterol(27), persenone A, persenone B(28), phe—
nol(29) 59 AEA o 2-&3t= sstEdo] Sold=d, oF
7% Y a8 FEE 52 747 AR Qb ot
38t EHdEL 34+3}H(30), acetyl CoA carboxylase # 3|
(D), Fa&H (32 7HAL U S olRIEE AZE
g, A9, 293 AAHS AF3te A=A dUide 4
A A7 2ol2 ZIdE e AFolth

wEa £ AT olEILE Y YA LA EAY o]
|75 AE gotiy] f8 otk H5, A, FAS 74
Zt BeEg & FEES AxdA ols #e itst aHE

et M EFQ MDA-MB-231 Al
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B AN AFEE ohrsbEE Qi hyrkEs] A 7o)
RO Z AMFo] FAst HSH A, AAE 44 g
71=2 24z} B4sted 80% W e 2 33 ke &3]
QI FEH e o HA](Whatman No.3, England) S A3}
o] 33} rotary vacuum evaporator(BUCHI Rotavapor
R-205, Switzerland) 2 Zd¢& %3 & 54 7A=3}9 apop-
tosis =9} 32k8 A AR AFRE AT o] W) 2 2=
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ZEHE %2 Folin-Denis#(33)& &3t &

- o4l - o1 A
Hee FE25 A8 1 mgs /75 1 mLol Foja 108)
3 4g 5149 2 mLo 24 343k Folin A]%F 2 mL& &7t

st Z E3He & 383 AT F 10% NaxCOs 2 mL<
Y A7 ¥&A171 & UV/Visible spectrophotometer
(UVIKON 922, Kontron, Italy)& AF&3}ls 700 nmoll A &
B & At A% FFEFHOEZRY TFHFS TFokA
t}. o] W tannic acidE ©]&3% A& tannic acid®]

HZ 557} 5, 25, 50 pg/mL7F ate] 9o} 22 WU
22 700 nmolXN FF=E S5t A3t A

JH
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Zeigo|= gt
AEFY T EHEE 22 Nieva Moreno 5(34)
o WS o] &3t S AY 4 AR FEE 0.1 mL9}
80% ethanol 0.9 mL& 33 EFE 05 mLell 109 alumi-
nium nitrate®} 1 M potassium acetate 0.1 mL 23] 3L 80%
ethanol 4.3 mL& 7}k A& 408 WX3k H 415 nmol
A FFEE SHSIATE oW total flavonoid -2 quer-
sto] ZHAe FEFM o2 RE TS FHTH

o= 3

ceting °]&

a—a-Diphenyl-B—picrylhydrazyl(DPPH) radical2~74 &t

o
Al 89 free radical &H A& stable radical¢l DPPHY|
ek e =S Aoz 9% WErLd Zt A EE =
ErEE 343 3A9 800 ule}t wWerLd 2l 015 mM
DPPH €9 200 uLE 7}t Ao 302 W3 & 517
mmolA FFEE SAINAS 24 Als FEE iy
z *745“ L ANRE HUPEHA e U7 FHEE 12
A7l B8 A8 FE2 RCyon #o2 e

= =X
== T

ME}. oluf AuwE 95td BHAS} ascorbic acidE A&
SHA T
ABTS radical 2~7{&HM

ABTS radical& ©]-8-3 g4k3le] 24L& ABTS+® cati-
on decolorization assay*¥#(35)ell 9Jste] AlsPstHtt. 7
mM 2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS, Sigma Chemical Co., USA)2} 2.45 mM potassium
persulfates HE 552 £t A9 AdaoA 2447
Fob wx)sle] ABTS+ S A7 & 732 nmol A &3 =
Zko] 0.70(+0.02)0] = A phosphate buffer saline(PBS, pH
TAHE 3 A3} gAE g 990 pLoll sample 10 uL=
7tate] HE3E] 18 Bt WA & FHEE SHIHoH
BEE A3 33 ®E S

Mz B

o] gl A1-&¥ MDA-MB-231 cell& =4 L5238
© 2 RE Fofuto} ALE-3FSITE MDA-MB-231 cell> RPMI
(Rosewell Park Memorial Institute) 16403} 10% FBS<} 1%
antibiotic-antimycoticZ7} A 7FE w x| A 37°Ce] 5% CO.
HjF71e A 2~3d e g WA A 8] FeATH
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MDA-MB-231 A 2£FZ 6-well plated] 1x10° cells/5
mLE BF3a olBAE FE2ES A3 F 2443 vl
Stk W AEE 120x gol A 187 LA Belste] A
SAL AAST S 2 IAE lysis buffer(50 mM
Tris-Cl, 1 mM EDTA, 1% Triton X-100, 0.16 uM PMSF)
50 uLE H7Fske] ice Aol A lysis AlF T 4°Col A 16,609
X g2 103'—7} QA Balsle] O A=A 2 BCA kits A
dte] @A S FEsle] western blotting®H-& 0] &34
apoptosis % &2 #Fstgoh.

DNA fragmentation assay

olH7l% FEE9| 93l apoptotic DNA fragmentation©]
doye=A] Lol 7] $13] Herrmann 5(36)2] Wl ube}
MDA-MB-231 M ZFZ 6-well platee] 1x10° cells/5 mL
2 EF3A olRItE FEES AT F 2443 Wit
o. 2l AEE £ ts A7k PBSE ¥ 94
et wAE AAZL F I AEE 25 mM EDTA,
05% SDS7} 718 100 mM Tris-HCI(pH 8.0)E ©]-&-3}
resuspension 3+ & 65°Col| A 5% &<t WX A1Z ). Phenol/
chloroform(1:1)¥} chloroform/isoamyl alcohol(1:24)-& ©]-&
3o DNAE FE31993L, o]oll 95% ethanolS 3718t €
/‘kj] ;.‘:_'—E] 3]..:;;] DNAZS ;‘d ] }\] 7]"7 /\Lzou S xﬂ 71 b‘]— RNase
£ F7ksto 108 &< w3A1Z1 $ RNAE €43] 7t
B3| A 7131 2% agarose gelol DNAE 7] 953t DNA
ladderg <1t AT

Znt 3 nE
ZolHs H E2E0|E HE
olBR7lE ] A5 4 B FHAY vgE FEE EAst
= % Z2Yds 2 2dRwols dae Z+7} tannic acid,
querceting 7|EEZZ 3t S48 H(Table 1). 21 A3},
olRIIE 8 FEE F ZddE FFS 13.89 ng/mg,
A FE2E2 1372 ng/mg, 44 FEE52 22345 ng/mgl =2
e, ofRILE TSl Bls] Kok AN =& s
FHFS BRItk F EPEEolE 2 olBRIE #53

Table 1. Contents of total polyphenols and flavonoids in
methanol extracts from sarcocarp, seed and peel of avocado

Total polyphenols“ Total flavonoids”

Plant Part used

(ng/mg) (ng/mg)

Sarcocarp 13.89+4.98” 4.03+1.80

Avocado Seed 137.2+9.72 5.69+1.20
Peel 223.45+19.20 13.60+0.37

1)Micrograms of total polyphenol content/mg of plants based on
tannic acid as standard.

2)Micrograms of total flavonoid content/mg of plants based on
quercetin as standard.

YEach value is mean=SD (n=3).

ZE oA Z+z} 4.03, 569, 136 pg/mgl & ofH 7}
EEA M =& FHS Byt 1y 8
e Zejvls Pl vlal wig- v kol

F 5 U5 Z2Yus dFs duEd g3
98.83 pg/mg, FH FEEL 13899 ng/mge
SHROE gFA A Hlu A e ZedEs §F
RILA37), F3H, & L Fo] 77} 12.34, 510, 8.05% =
gt Aol =2 EEuE FFE BA(3R) oliIlE
ARSE Aol Atk tlFu T8l9) o] olRiteE FEE
5, X, A FE2F oM A9 AE FE2E0] 35
o Hls) AEs] Be ZEHES Fhdta e AoE YE
woh Z2ldE gEoY ZeR o ERE oy 7HA] 4
%oﬂ =] ﬁgoi o] ou:] i«]o:]z‘ﬂ-l\].il_xﬂi xlﬁ.ayq_b_ E_T’_ﬂ-
@ol & A QTH3940). 53] ZPR=o|=FE YA E
DNA, RNA, protein®] §4S A £ cAMPY 5:2
SN2z FHAEY ELS JASAY apoptosis
Fedte 59 g4y NAe T FgaHYE B3 s=
o2 delA Uth41,42).
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DPPH free radical 2~7{&Hy

Al89] free radical 2AZA FHAL stable radical$l
DPPHE 2 7A35l= @822 B4 =gs= Aoz
DPPHE B2 AAS 5= vl 3 QFg 3t free radical ZA]
gkskA|, WS ol R/ Tl o3 EHE o] Mo] gAEE
AL o] &3t it EA L A= o] &I Ut

olR7lE A&7 A P HA MgE FEEH AT
A gatsiAl 2 &2 BHA, ascorbic acid®] DPPH 47
A4S sEEE A3 Ad+= Table 29 2t} 10 pg/mL
o] FxolA o}RIE N7} 70%, 5 pg/mLolA ZZE o] 60%
AE9 ~2A%S BYa, BHAS ascorbic acid(10 pg/mL)
oAl 96% HE9] FqtsleS B a8la olR Il A9}
A F2E9 RCy #ko) 22 778, 3.83 ug/mLe 2 Vet

4 &2kskAIQl BHAS RCs 34(3.11 pg/mL)# f-ARSE 2k
o 53] ol®RI7lE HAA FE2E9 RCy @< DY E
HAS$} ascorbic acid®] RCsy &3 79 dxsleg
g - At #F& EAE Fopdod ¢S 53
s Y Ao= *ﬁz}ﬂ‘:} Yang 5(43)2 @4k |
EE9 RCx &< 1871 pg/mLE, Jung 5442 &
A9 Were FEE9 RCx #2332 pyg/mLE 2l
StTE o] 59 A} Hlwste] Hoks W olRIIE X<}
A F2E° DPPH &7 %0 Hl13 & Aoz 3
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Table 2. Scavenging effects of butylated hydroxyanisole (BHA), ascorbic acid and methanol extracts from sarcocarp, seed
and peel of avocado on a,a-diphenly-B-picrylhydrazyl radicals (DPPH - )

Plant Part used Concentration (ug/mL) Scavenging effect (%) RCs" (ug/mL)
Sarcocarp ;88 géiégi éggm 179,92+ 14.73
Avocado Seed o 28:1%2:8‘71 778+0.81
; o
Ascorbic acid 110 éggi? 2.09+1.03

YConcentration required for 50% reduction of DPPH e at 30 min after starting the reaction.

?Each value is mean+SD (n>3).

2o 2 dMH free radicald] A A FE=S &
2 Yehfo] ABTS+® «] A2AGETE Y &
Hhg-o] 13 <t TEEH DAzt 54 7sdit

E d¥oMe olitz #5374 9 A Hes
&3} trolox, BHA, ascorbic acid®] ABTS+® AAZA
W =359 HTable 3). ABTS+" 2AZAR AN EFE
A2 AFE-E = troloxs 15 pMeollA 63% AR 2ASAN TS
B3, BHA®} ascorbic acide 10 pg/mLol A 99% ©]/9)
e AAGE TS Bt olRIIE FEEAAE A7F20
ng/mLoll A 67%, 7 o] 10 pg/mLellA 60%2] ABTS+" <]
2AEAESE B o]= DPPH i) Ze] &2AEd 1
3 1 &A% HolX AR, DPPH i) Z9] AAEA T vt
ANAZR AAANA © F3A YERET

OfE7tE F=EZ0| apoptosis 22 THHEA
— oS5k
— oo

AEE 9)%:0) o] 4S50 Wato] s WA W

S8k, A= SR Ao weh daA v LI Al

-

Table 3. Scavenging effects of trolox and methanol extracts
from sarcocarp, seed and peel of avocado on 2,2 " —azino-bis
(3-ethylbenzthiazoline-6-sulfonic acid) radicals (ABTS+*)

. Concentration Scavenging

Plant Part used (l,lg/mL) effect (%)
Trolox 15 uM 63.24+0.94"
Sarcoca 200 38.44+2.27

o 300 51.30+3.26

10 36.98+2.51

Avocado Seed 20 67.76+5.18
Pecl 1 6.68+0.79

ee 10 60.41 +2.64

1 19.04+3.10

BHA 10 99.33+0.81
. 1 25.57+0.27
Ascorbic acid 10 99.86+0.17

YEach value is mean+SD (n>3).

FAE QS AY 3B S A5 A "ok 4 93
£ B3t AEAME AA S R AV, 22T &
2] A Z AEo] Bt Al ZAPE 713 caspasegtal
st @l el ade ofs) AX U o] EaEwEA
ANE7t A e #AH o7 o] EF79 caspaseSo] A EA}
ol #elH caspased] A4S Tl AMEZAES BEE
gpetal 4= th(45). HFH o2 &443}H caspase-3& HIE
PARPE 4 3}A]7)7]1% 3}al caspase-7S ZAFAI &
&4 3}9 caspase-7°] PARPE 24314771 % 3t} o]
Al E43tE PARPE DNA 243} 4% 99 §5& i =
SHHA] AEZAME S Yo7 ALE RuEHI UTH46).

olRItE #5, A, A FEE] apoptosisE =3
Al #&3L7] 918k western blot & A8t th WA of
Bl B8 FEES A2 A7 caspase T Aol o} F
A FS v XA 49k o v (data not shown), oFE 7= A
FEES AYI Ao 200 pg/mLY XA cas-
pase-3, 79 @A ] Wy o] FUlEE S AL, o
Y AFEALE 7149 HF @A PARP @A) By S
#&3S A3 caspase A9} FAVSHA 200 ng/mLe] =0
2] cleaved PARP7} 5715+ A3dS BRI H(Fig. 1). oFE7}
T A F2E AT ME caspase-3 T @ o] o]
e AT caspase-7ol & ofE# 9EFS m XX
™ caspase-37} A HH S Z PARPS EA3A 7] AeE ®H
QI tH(Fig. 2).
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Apoptosise] =9 wz} -8 endogeneous nuclease?)
273l oJsi DNA #7do] AltEof &50] dojufal i
9] M3z oA DNAZF A =¥ oligonucleosome A =9 =

712 24 ¥ DNAE & & 3l DNAT AEA) ot

7] 7 180~200 bp Zo|2 ©HAHstFtta stk o] DNA &3
o] Qe o} WA FHEHAE AT DNA s}
7} apoptosis @/ Tl o]-&= I UTH4T).

ofRIIE FH&, A, AE FEE 23 apoptosisE 22l
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Concentration (ug/ml)
0 10 50 100 200

- - Cleaved caspase 3

- . Cleaved caspase 7

Cleaved PARP

B-actin

Fig. 1. Effect of methanol extracts from seed of avocado
on protein levels of caspase-3 and -7 and PARP in MDA-
MB-231 cell.

Cells were treated with methanol extracts from seed of avocado
at different concentrations (0, 10, 50, 100, 200 pg/mL) for 24 h.

Concentration (Jg/ml)

0 10 50 100
bp

1,000 —

400 —>

Concentration (Lg/ml)
0 10 50 100 200

. S5 W B | Cleaved caspase 3

Cleaved caspase 7

v ﬁu. ‘ Cleaved PARP

P

Fig. 2. Effect of methanol extracts from peel of avocado
on protein levels of caspase-3 and -7 and PARP in MDA~
MB- 231 cell.

Cells were treated with methanol extracts from peel of avocado
at different concentrations (0, 10, 50, 100, 200 pg/mL) for 24 h.

Concentration (lg/ml)
10 50 100 200

Fig. 3. Apoptotic DNA fragmentation of MDA-MB-231 cells treated with methanol extracts from seed and peel of avocado.
Cells were treated with methanol extracts from seed and peel of avocado at different concentrations (0, 10, 50, 100, 200 pg/mL) for
24 h. A! methanol extracts from seed of avocado, B: methanol extracts from peel of avocado.

317] Y3t Aok AR FEES = BZ X2 DNA
8 @Fs AR 1L 29 38 FE2E9] 49, DNA
EAslol JEFS v A LYo (data not shown), | FZ
E 100, 200 pg/mLe] FEA DNA 4 @/o] YR,

AA FEENAE 10 ug/mLe] FEAAFE FE &
S =2 DNA 4 d84 4%s = A= Yt (Fig.
3). °|= apoptosis = WS #AHo] Y& o= A7
2 Lee %‘(48)—@— ‘ﬂ-ﬂi—‘?—ﬁ U937 cellol A apoptosis?]
=, = Aot A4 F
L apoptosisS Tr_‘T—_Kl-t vdl}?l caspase®l] %3S
= Ao R H°]‘I], —f_v‘—'}ﬂ ©.2Z DNA 48 A3 A
= MDA-MB-231 A|3Z32] apoptosis

[e]
T

= u]il—t— Ao Z Yyt g o5
ARE FHEN FEAGL Bl Ao Aol U =
Hod gy dEE Ve AEY A 5A

S Al Qo] AAZAZA okubE Hsh A
J Aoz e,

B AFAE olRILES] Y5 AAEA Y o] &Tts
A4S Golr ) 98l olnle] B8 A, AAS 47 g
T FEES AxsI ol A7 kst a9E A3t
o, A7 F9d AEZFA MDA-MB-231 A Z5&
&3t FABHS AHREUY olRItE F5H X g
Ad] Hegd FEE EAste F ZYvs 2 Sge
S SR A9 F FEHE FHe olRIE 5
I A D AA FEEo] Zhz}h 1389, 1372, 22345 ng/mg o=
oli7tE AE FEEANA 7 =4 YEkaL, F SeE s
ol= gtk M Z+z} 403, 569, 136 pg/mgo. 2 2=
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FEETE A 9 YEIEARE B EgRolE 3 9
Al AAAA 7 =4 JElsT ZF Al29] DPPH &84
£ FTHE 3% A, oliJls Ad FEE°] 5 ng/
mLAA 604% =2 Ad FEF°] /M 4 PitssS
Btk =3 ABTS -~ 24 84S trolox, BHA, ascorbic
acide} Hlwste] 435 47 olRI7tE HA FEE52 10
pg/mLel A 60.4%9] 2ASAHS WY, DPPH 2ASA
YA A FEEANA M 7% A2AZETE BN

o} olBIlE XN, AA FEE9| apoptosisES FEIEA S

==

A2 A3 N HA FE2E Z5F caspase-3, PARP ©@i] &
=9 HHE FrEsglaL, o5 BF 200 ng/mLe] FEel
A 7V EA wdEE 3S gstdth =9 DNA 4

Q1 caspase®l| A
DNA 428 ZA43AA T28 v &4 Fe MDA-
MB-231 M 3EF29] apoptosis®] S
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