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Inhibitory Effects of Spinach, Cabbage, and Onion
Extracts on Growth of Cancer Cells

Hae-Nim Lee, Seong—Ah Shin, Gang-Sik Choo, Hyeong-Jin Kim,
Young-Seok Park, Sang-Ki Kim, and Ji-Youn Jung

Department of Companion and Laboratory Animal Science, Kongju National University

ABSTRACT Extracts from spinach, cabbage, and onion are known to possess various instructive characteristics, in-
cluding antioxidant and anti-inflammation activities. Spinach, cabbage, and onion are consumed worldwide and represent
important sources of dietary phytochemicals with proven antioxidant properties, such as flavonoids and phenolic acids.
Food-derived flavonoids and phenolic compounds are expected to be promising drugs for cancer. In the present study,
we investigated the effects of methanol extracts of spinach, cabbage, and onion on cell proliferation and apoptosis
in human gastric and breast cancer cells. Proliferation rates of AGS, MDA-MB-231, and SK-BR-3 cells were determined
by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The methanol extracts of spinach, cab-
bage, and onion inhibited proliferation of cancer cells in a dose-dependent manner. 4',6-Diamidino-2-phenylindole
(DAPI) staining revealed that chromatin condensation significantly increased compared with the control. In the results
of MTT assay and DAPI staining, onion extract was the most effective in inhibiting cancer cell proliferation and
apoptosis. To assess changes in protein expression level by onion extract, we identified Bax (pro-apoptotic), Bcl-2
(anti-apoptotic), and poly(ADP-ribose) polymerase (PARP) protein by western blot analysis. The expression of Bax
and cleaved-PARP increased, whereas expression of Bcl-2 was decreased compared with the control. These results
suggest that spinach, cabbage, and onion extracts suppressed growth of human gastric cancer AGS, human breast
cancer MDA-MB-231, and SK-BR-3 cells through induction of apoptosis. Among the extracts, onion extract had stronger
anti-cancer and apoptosis induction effects than spinach and cabbage extracts. Further, onion extract more effectively
induced apoptosis of human gastric cancer cells than human breast cancer cells. Therefore, further studies are needed
to determine the anti-cancer effects of onion extracts in vivo. Onion extract can be developed as a chemopreventive

or therapeutic agent for gastric cancer.
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BHoAto] AFE3 QA E AGSS A E MDA-
MB-231, SK-BR-3+& &+ 4| 2523 (Seoul, Korea)?l
A Fdsklth Aﬂiﬂﬁ%koﬂ AH&-&F RPMI-1640, fetal bo-
vine serum(FBS) Welgene(Gyeongsan, Korea)oll A
43+ 2.1, streptomycin/penicilline Gibco(BRL, Grand
Island, NY, USA)ollA] T+l & Ao A1-8-3F dnk
Aol AlekE-L Sigma-Aldrich Co.(St. Louis, MO, USA)]
A T 8FF AL, anti-rabbit IgGeF anti-Bel-2, anti-Bax,
anti-PARP, anti-B-actin® Cell Signaling Technology
(Danvers, MA, USA)el A -3}t
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A5 149 103] WHEsle] 3Y 5ot &3 o2 F9
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AAEZ AGS, 1894 E MDA-MB-2312 SK-BR-3
+ 10% FBS, 1% streptomycin/penicillin®] ¥ 3+8 RPMI-
1640 WA & A}E3lo] 37°C, 5% CO.7F FA1H & in-
cubatorol| A wi¥allth. 175-cm? flaskell A2 7F 80~90
% A% A<= u phosphate buffered saline solution
(PBS)o. 2 A Eo] 55 AlF 3 & trypsin-EDTAE A&
sto] Al stla wiA = 2~3dnirt wgkstgltt.

MTT assay

AGS, MDA-MB-231, SK-BR-3 A|£2] S]] n| x|+
A, FlF, &3 FE2E FFE 2AE] 98 MTT
assays TdHATH A v gL 96 well plateo] MEE
2x10" cells/mL& #3381 24471 %OP HA AR 1
T Zh Alazell Al Al, ulE, ok FE=S 0, 50, 100, 200
ug/mL=E 77y A g]shal 24A)13F 5k w gttt 24431
% A& A|ASEAL PBSH %<1 MTT solutions 2t welld
40 uLA A sl 2417 59t CO, incubatoroll A vl ¥3}1$1
. MTT solutione #|Ag 3 DMSOE 100 ul.® *]# 3}
o] wellel @A ¥ formazans =5 %9 thS ELISA read-
er(Bio—-Rad, Hercules, CA, USA)Z 595 nmol A &3 %



DAPI staining
Apoptosis7t F2HAS W SolHom yrhs 3
FEfehAQl Wsts #Eetr] 9@l DAPI stainings 538t
Atk AGS, MDA-MB-231, SK-BR-3 A|Z & 60 dishel
1x10° cells/mL2 #5383 2443t &<k P sA R 1
T ZF AE Al A, G, F FE2ES 0, 200 pg/mL
% ﬂﬁlg}f’i 24X)7F &<t incubatoroll A v F3FATE 24 4]
< WA & AAStL PBSE T ¥ M3 tbF 4% para-
formaldehyde solution®. & 1587+ A A # T 168 &
paraformaldehydeE A A3}7] 98] PBSE Y+ W A& 31
DAPI solutions 2 mLA A #jste] &gdAn] 4 (Zeiss fluo-
rescence microscope, Carl Zeiss, Thornwood, NY, USA)
O = 2008 Alopell Al 3T

Western blot analysis
FEE Al g3 duld s wistE gty 93
western blottingS 4~#38+9lt}. 175-cm? flaskel| 37°C,

5% CO27} A5 += incubatoroll A viFAIZ1 AGS, MDA-
MB-231, SK-BR-3 A|¥9] 43 F&E5 0, 200 pg/mL
2 AP st 24413 2 vl T A

17tk 244131
Oﬂ trypsin~-EDTAE 78t AELE FFA12 &
2](1,200 rpm, 5 min, 4°C) 3} c}. GAE 3l o
cell pelletel] cell lysis buffer(Invitrogen, Carlsbad, CA,
USA)E F7hste] 4°CellA] 201t wE-&AIZTE 2§ 13,000
rpmol| A 53 9t YA st & S AS cell lysate
2 ALg-sTh 33 vl E o] 5% = Bradford protein
assayg ©|-§3sto] A3l
decyl sulfate polyacrylamide gel electrophoresis(SDS-
PAGE)Z A7 & E23t ¥ nitrocellulose membrane
(Bio-Rad)°ll ©]&A At} Membrane< 5% skim milk®
2A)17F &<t blocking 3+ ¥ anti-Bel-2, anti-Bax, anti-
PARP, anti—B—actin-‘l] 12} 8|S 22 A 71Eke] 4°Col A
overnight 3}tk 7 & anti-rabbit [gGE #7}3}e] 2413
Zob urS- A7}l Z+ protein band¥ ECL detection re-
agents(Pierce, Rockford, IL, USA)E o]&35}o] A¥ Az}
£ H k) Z} Wl=<+= imaging program$l Image J Launch-
er(provided by NCBDZ o] &3le] HrZE A3
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< 2133t
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°] MDA-MB-2313} SK-BR-39] A4 n X+ o
| 7t 255 0, 50, 100, 200 pg/mL
24’\]7J’ A2]3k 3 MTT assay s Zaf A% A&
Fig. 1ol Yepd vpe} o] 255 A
Blﬂﬂ?&% ) AlEA], %WH%— & F=
g W Al Ee] AEEO] F °o% 7

oy

™ o
of
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o] FLo e 96.52%, 88.87%, 95.16%, 100 pg/mL<]
EEoAE 91.18%, 80.73%, 93.91%, 200 pg/mLe] &%
N M= 67.52%, 73.01%, 78.97% % AGS Al F A= 100
ng/mL, MDA-MB-231 4| o4+ 50 pg/mLe] =0l A
FE o8 dAE A oA 235 B o, SK-BR-
3 AlZAAE 200 ng/mLe] FZo| ATk Fo 4l IAE
44 A a¥vE Btk E asEe AlgA FEE 200
ng/mLE AGS® MDA-MB-231, SK-BR-3 A3 A7
AS of 2+ 32.48%, 27% 21. OS%Q A7 AAES 1Y
3 SIAAER] AGSOl A F LM ESQ] MDA-MB-231%
SK-BR-3¢] H]3] Aoz & ?Mli 2 A &
& Bl
Gu 5 FEES AGS, MDA-MB-231, SK-BR-3 A%

o 24A1F FF A st A3} 7} MEe] AJEEo] 50 ug/mL
o] Fxo| M= 87.5%, 78.35%, 79.58%, 100 ng/mL2] &
Lo M= 75.96% 69.11%, 75.89%, 200 pg/mLe] & =0l
AE 63.35%, 60.94%, 62.20%% A 7o AMEF BLF
50 pg/mLe] FXol| A B Fre Al ShME A oAl &t
& Yeplen, aske] S FE5E 200 ng/mLE AGS
9} MDA-MB-231, SK-BR-3 Alxo] Az gs w Zz
36.64%, 39.05%, 37.8%2] AA&=Z Al E7F2] LA LA
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Fig. 1. Growth inhibitory effects of spinach, cabbage, and onion
extracts on AGS, MDA-MB-231, and SK-BR-3 cells. AGS, MDA-
MB-231, and SK-BR-3 cells were treated with spinach, cabbage
and onion extracts (0, 50, 100, and 200 pg/mL) for 24 h and
cell viability determined by MTT assay. The results are shown
as mean+tSD of two independent experiments performed in trip-
licate. Significance was determined by Dunnett's z-test with P<
0.05 considered as statistically significant compared with non-
treated controls.
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2 2477t 9 AP g ¥ DAPI @48 S35t 4 ¢ % &5 200 pg/mLE AGS, MDA-MB-231, SK-BR-3
Aoz #EsA T (Fig. 2A). 21 AT AlFA], o, Fut Alarol] A2stlS Wl 27 18%, 11.6%, 11.6%, vl
FEES At TollX= MTT assay Aol Axe] & FE% 200 ng/mLE AGS, MDA-MB-231, SK-BR-3 Al
2ol AAE A} A AMEY Frt HFAs o Fofl AeleR S wl 247t 15%, 12.6%, 12.8%, 43t &%
apoptotic body¢} @A & & X F3F= apoptosis 200 pg/mLE AGS, MDA-MB-231, SK-BR-3 A%l *|
EAel eyt B2E AT} o]+ nucleosome? linker gatdS w) zHzF 27.8%, 19.4%, 20.8% 2 A FFo] AE
DNA F%o] dveto] o3 DNA ©Hsle] Ayjolm g X & FolA AlFA e} Gl F FEES A Alxnn &9 F
=], oS, G FEE Ao 93 AGS, MDA-MB-231, 55 4839 S v apoptosisZt F=® FEje] AE7}
SK-BR-3 Al¥2] A7 }A] &3+ apoptosiset G 3ol 2l Ho] BAEAT} o]i= o] " MTT assay 38 A3l A
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DAPI-positive 3t M EZE- counting (Fig. 2B), A+

Control Spinach

MDA-MB-231 AGS

SK-BR-3

-231, SK-BR-3° A 9] apoptosis F% &3+ %3t

Onion

Cabbage

Concentration (200 pg/mL)

B %*
35
AGS 35 4
30
:\3 30 4
;=,; 25 % g 25 |
o * 12}
S 3 20
6 o
= o
g 15 Z 15
2 a
10 g 10
<
5 5
o | muem o
Control Spinach Cabbage Onion Control

MDA-MB-231 35 SK-BR-3
30 .
% a3
& 25
= *
" * g 20 4
L *
5 15
g
a 10
<
y y 0 . .
Spinach Cabbage Onion Control Spinach Cabbage Onion

Fig. 2. The effects of spinach, cabbage, and onion extracts on apoptosis in AGS, MDA-MB-231, and SK-BR-3 cells. (A) AGS,
MDA-MB-231, and SK-BR-3 cells were treated with spinach, cabbage, and onion extracts (0 and 200 pg/mL) for 24 h and apoptotic
bodies stained with DAPI. The arrows indicate chromatin condensation in the cancer cells. Cleaved nuclear were examined using
a fluorescence microscope (X200). (B) AGS, MDA-MB-231, and SK-BR-3 cells were treated with spinach, cabbage, and onion
extracts (0 and 200 pg/mL) for 24 h and nuclear condensation determined by DAPI. Graphs shows quantification of DNA fragmenta-
tion and nuclear condensation. Each bar represents the mean+SD calculated from five independent experiments. Significance was
determined by Dunnett's ¢-test with "P<0.05 considered as statistically significant compared with non-treated controls.
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¢np FEE0| Bel-2 family THHZEIS| wdiof O|x|= FE & et oA R apoptosis rE B T EAdsH

Apoptosis® THFgh G A 5] 45 2§ o2 Joi caspased| @]|slo] Tl g o] F3 7 doJLpHAl AGAA Q1
o] % Bcl-2 family A EL vEZ =g o} Bho)] 435 DNA 2] #Ao] oAl E}(51 52). A7gAI3E ] 7-5- PARP
AY AZANE 5 A5 93] nEZEg ol o= o]F chl A o 116 kDag] A4S 7FA A9k apoptosis7F §%&
ato] AFAPE S et T % 93s FdTth4s). 1 w75 85 kDa =719] %2201 PZE B2 PARPY] HHL&
% Bax® pro-apoptotic protein®. 2 M|E oA nEZE apoptosise] HE A<l 54 F so|th(53,54).
golR o]§ F cytochrome Co] #H] E4& %9 apop- AGS, MDA-MB-231, SK-BR-3 Al ¥l 43} FZ55&
tosis® FFEA]7]E= v, Bel-2 ¥ AL anti-apoptotic 0, 200 pg/mL=Z 24A17F &< 2] 3k & western blotting
protein® 2 W EZE=golZ o] Bax? olF5S JA|gto =z < 53] PARP © Ao ity oFds ERlsh Ay g3 =&
A apoptosis® fFEE AAstE HT-E FTH49,50). &2 200 pg/mL A 23 ol A PARPS] ®Ho] F713F%

MTT assay9 DAPI stainmg A3 AGS, MDA-MB- tHFig. 4). o83 ATE 3519 u) Lu} F2Z 54 9
231, SK-BR-3 A XA A|3E AES 2 apoptosis % 3 AGS, MDA-MB-231, SK-BR-3 Al 2] Bax % Bcl-2
el 7 2 adE BAW ¢ FEE 98 apopto- A o] wkE 423o] WMslE] a1 PARPE ¥AAA apopto-
sis #dl Ao 1y S 7] 9 western sis7} ¥ e Ao Azbgiet.
blotting S &35tk 2 A% AGS, MDA-MB-231, SK- uheba] AR, G, Gk FEES AT AGA R
BR-3 A3 43} &5 200 pg/mLE 24A17F 5ot A AGS, 217F 51 A E91 MDA-MB-231, SK-BR-3 Al &
gk ol A pro-apoptotic 9141 Bax T o] g o] & oA MES] F248 A3t apoptosisE FEAITE 7/i°
7}et3l 0w (Fig. 3A), anti-apoptotic 12+Q1 Bel-2 il = 2 glsiion, & o] F 7P et Sl 4
2 hete AEE ®2ArkFig. 3B). ol &gk 7} Az A o] dhiH o] WstE glg AF Bax,

Bax/Bcl-2 ratiots & &xloll A F-83 g2 A x= Bel-2, PARP @A o] s=o] wisgty] &= 31& 2133t
o] & & =1 & ATl vERE B-actinel] thgk o] F <l ol 3t FEEo| ALAES} FHAAEA A apoptosis
Bax/Bcl-2 ratiov &3 F&E A o3 SAHoR E FEA7IY g Ao wdARS AFAT A e
solel7] Zrrelglom U AIES MDA-MB-231, SK-  AEuth= 9I9HAFelA 1 23} o #olu o= et
BR-3 ARt} YAAE AGS AlE -] F71&0o] =4 Bk 8o} fee 28 42849 estrogen receptor
yelg tH(Fig. 30). (ER), progesterone receptor(PR), HER2(ERBB2)7} %4

olgist A& S Y FEE9 AGS, MDA-MB- A SR whel B4 A BEFY Cl basal-like(ER-
231, SK-BR-3 9tAIE A3 oA &3+ apoptosisel 23k negative, PR-negative, HER2-negative), Luminal A(ER-
AL Bel-2 family @] 2y H3lE F3l 213519 positive and/or PR-positive and HER2-negative), Lumi-
o, OkJJr FZ59 apoptosis % EHE FHIAER nal B(ER-positive and/or PR-positive and HER2 pos-
U AEAEAA B 2371 s Aoz Azhet itive), HER-2(ER-negative, PR-negative, HER2-pos—
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*
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Fig. 3. The effects of onion extract on Bcl-2 family protein in AGS, MDA-MB-231 and SK-BR-3 cells. Cells were treated with
onion extracts (0 and 200 pg/mL) for 24 h and cell harvested to measure protein levels of (A) Bax and (B) Bcl-2 by western
blotting. The blots were also probed with anti-B-actin antibodies to confirm equal sample loading. (C) The Bax/Bcl-2 ratio was
calculated from the Bax and Bcl-2 over B-actin ratios. Each bar represents the mean+SD calculated from two independent experiments.
Significance was determined by Dunnett's #-test with "P<0.05 considered as statistically significant compared with non-treated controls.
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Fig. 4. The effect of onion extract on PARP protein in AGS, MDA-MB-231, and SK-BR-3 cells. Cells were treated with onion
extract (0 and 200 pug/mL) for 24 h and cell harvested to measure protein levels of PARP by western blotting. The blots were
also probed with anti-B-actin antibodies to confirm equal sample loading.
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