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Study on Anti—tumor Activity and Mechanism of Broccoli Sprouts Extracts
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Abstract: Broccoli sprouts are a very nutritious source of many beneficial ingredients and have been widely
studied in recent years. The anti —tumor activity and potential mechanism of broccoli sprout extract were
investigated in this study. Medium and high concentrations of broccoli sprout extract could reduce the cell
density of Caco—2 and HepG2 cells. Signs of apoptosis were evident in images. Broccoli sprout extract inhibited
the proliferation of the proliferation of Caco—2 and HepG2 tumor cell lines in a dose—dependent manner, with a
50% inhibition concentration in the presence of CaCl, (0.030 + 0.002) mg/mL and (0.043 + 0.004) mg/mlL.,
respectively. The apoptosis rate detected by flow cytometry reached 82.95% in samples treated with the extract.
Measurements of reactive oxygen species (ROS) and mitochondrial membrane potential showed that Caco-2
cells were sensitive to broccoli sprout extract, which could induce Caco -2 cell apoptosis by inducing the

production of reactive oxygen species and reducing mitochondrial membrane potential.
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N ] 5 BEME E [3-(4, 5-Dimethylthiazol -2 -yl ) -2, 5 -
diphenyltetrazolium bromide , MTT]: 3¢ [E sigma 2\ 7] ; i

P 48 (reactive oxygen species, ROS) K i 7 & ¢ i
R REYBARA IR A 5 5-FUIREE (5—fluorouracil ,
5-FU) Zebi AR5 H A3 (mitochondrial membrane poten—
tial, MMP )R £ (JC-1) : I Z S ERH A IR A
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1.3 Jrik
131 VE24E 2R 4%

CaCl, FLAE/K BB : FRI—E 5 JCK CaCl,, i 1]
H KK (tap water, TW )2 25 o P 1A SE 55
=5 il AL AR R LR E O 3 A HLA (28.88 £1.55 )s
Jei o A8 T T €235 AR g A A IO R TR F, e 7K )
HREHE (available chlorine concentration, ACC), 5
FEA 20 mmol/L CaCl, M HLF KR AR AL P )
AR AR 1 s,

F1 AR HRHELIER

Table 1 The parameter of different solutions

i3z i ACC/(mg/L) pH i
W 0 7.38+0.03
CaCl, Hifff 7k 10.00+0.76 7.47+0.03

KAFZIR L SR ITRIFRIEB . PRI 6 ¢ P
2R, A 90 mL LR £ I CaCl, HELAF K,
25 CRMEAM TEE 3 he RANE W LIREF THIA 2
KA TE R, K 28T 2 & G i bk e fig
7K, L TW AR BT R . & 2RI R 25 °C, FHXT
BB R 80% , IR L R 100% , B KWk 3 Wk, 4
B 2 d #e—UoK . K537 6 d JEUREE, PU 248 2E 4800 48 h
I WIS 3k 80 H U , it A7 T -20 CUKFE A5 o
1.3.2 VYA A0 2R 3R EU ) il 4%

FREC T g VEAAE2F0R TR, A 4 mL Z8187K , 25 °C
KA 8 h, FERS T INA 5 ¢ EALENAN 3.75 ¢ TC/KER
FREN . T 4 mL 5 BE TR 2T, 100% ) 5568 7 i By
FEHL 30 min, Lk 5000 v/min 7E 4 CE.L> 15 min, JTo/KERHR
i, A EIRREOETE 3 KK EIEIRAE 30 Cliekk
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ZEA A LA 75 B RE 2R A 200 mg/mlL,
53] TW F1 20 mmol/L CaCl, B ff# 7K Ab 3 %) 7Y >= 46 24
SR (RIFRA TW ZHF0 CaCly ). {88 1B HIJC i
LIRS RO R 2 TR
1.3.3  4iffukis

Caco—2 4t fdi H] DMEM 1% 3% 3t , HepG2 41l fits fdi
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SIEFRILTINA 10% 064 007 , Bo a5 % 5 A6 T
4 CYKEFF . i T 37 CYEFesah ki o33, IR
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ne,PBS ) YL AN, FERE 2 d U, F6 2 d~4 d 148,
1.3.4 JE&AEL

A g A K T FR A F) 80%~90% I, il A BA. 248 i
WL A5 P sk RO, B Caco—2 T HepG2 4Rl i vk
FE4y EEE 2 Sx10* 4N/mL A1 1x10° N/mL, BFLIIA
2 mL YRR . MEBEREFE 12 h J& , B4 1.8 mL Jolfl
THIGFEHE, A 200 wL ¥R EE R 0.045.0.180 mg/mL [
VU2 AE 2RI o BRI A SRR R R 36 . A
FESN 48 h J5 R 100 /5 WS AR IR 245
1.3.5  HH 3 A 00 ) 5800 o2

K MTT 32460 78 22 48 2R 2 U X6 Caco—2 Fll
HepG2 ZH i A3 FEAN HI 2427, 78 96 FLAR Hm A ik
FE S AR, 15 Caco—2 ZHH0 K 5 000 4~/AL,
HepG2 400 1x10* /AL, HZSLINA PBS. 5535 12 h
J& B4 90 L LI BE SR, AL 10 pL P52
ACZFHRICY) , FE A B 2R FE 53120 0.006.,0.011.,0.023
0.045.0.090.,0.180 mg/mL, T4 HE 6 &L, LT
ML B FR 5 0.01 mg/mL 5-FU JXF R . I AR BUH)
BiF% 24 h G R EE SR AL, @GN 100 pL 0.5 mg/mL
1 MTT % . 37 CIERE 4 h, 4% MTT % E ek — H
SN, 37 CHEEEHR Y 15 min, W %E 490 nm ALK
SEAE . FEBERH) AT B 22 A8 U X Caco-2
YA AN HepG2 AR A=, IR M Graphpad Prism
7.0 THEREEANHIHE S (half maximal inhibitory concen—
tration, ICs) o

HI128/%=[(OD 4m—O0D s, )/OD 43]x100

0D 4 X BRLH W SEAE 5 OD g, 9 HRE S 40
JAH
1.3.6 AR TR AN

AMEEEFR 12 h )5, B Caco—2 ZH LAY 3y
1x10° ~/mL, 78 6 FLHFFANA 1.8 mL 40 ERFT 200 L
WFEA 0.180 mg/mL [P 2= AL 2F 4RI , X HRAT A 55
TRFRA S SR  ARSERE 7 24 b B FRIRICE 2B 0
WA T L SRR AW BE A0 A, $E 50, W 800 wlL
R , 7 24 ) B 84 R B 2 0B 9 Ak, WA A i 28 22 i

BB L1000 r/min B0 5 mine FZ IR &
Bl g, 5% Annexin V-FITC 1 PI BAYLA B0k
B 15 min, JBA) A U

1.3.7 ROS /K&

i 27,7 - R IOCE W LRI DO IR
78 40 ROS 7K, 84 Caco—2 4 Ik B 1x
10° A~/mL, BRI 2 6 LA 555 12 h, 4L 20
A 1.8 mL [ 58 4 85 3% 3 200 pL ¥ B R 0.045,
0.180 mg/mL 174 % 46 ZE PR , W) BEZH in A SRR )
gk W3R 240 T  BBIRIEFRI A 1 mL RIS 1Y)
27,7 - B CHE W L TRER IRATEE 30 min, JCILTE
BRI 3 W AEEIE PO AN SR AT
1.3.8  MMP &

il PR bRy S R MR B 8 2Ot Ye kel JC-1 I
FE MMP?, 4% Caco—2 AR B h 5x10* >/mlL, 155+
12 h Jii , IAHEFEE N 0.045.0.180 mg/mL (74 2% fE2F 1
B, XA A SRR BE R 3k, dhebisR 24 1,
PBS PEIRANAE, A S8 35 2 S AR B JG 1 JC—1 et
WL IRAT BEFRAA R B 30 min FHZERPIRTES 2 U, N
ATIMER TR, MR 6 fLICE T RMEE T, ek
100 £ WSR2 o 7 TR Jr g e BRI I, 78
96 fLAR 5 TR UM 12 h, WA VY 2278 2R LB 4k 22
K% 24 h, ZJG A JC—1 Y3, i FH 2 G BpR AR
NS S 7 3 EA NI e = N e [ 8
1.3.9 S5

PR T 3 IR, Hd R SPSS 26
BAE TR 2 ANOVA 230471, % H Duncan £ I
5 ,p<0.05, %R 25 B3 , R H Graphpad Prism 7.0 2%
FIETE , 45 58 LIS E AR fE IR 22 28, Annexin—VITC/
PI S B 45 R H FlowJo 245047

2 ZER5H
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YA S AE , AN Z 0, HepG2 42 BIE o
0.045 mg/mL PG = AL ZF S UYIMEH] 48 h i, At 285
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Fig.1 Effects of broccoli sprouts extracts on the morphology of Caco-2 and HepG2 cells (100 x )
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ANEFEE TW LR85, TR ISR 22 5 25 (p<0.05) s RKE
BN CaCly HIRIE S, TR IR 225 3 (p<0.05).

2 FZHLFRIIN Caco-2 71 HepG2 4 REIETE A Z4 M
Fig.2 Effects of broccoli sprouts extracts on the proliferation of

Caco-2 and HepG2 cells

AL 2 AP, DU LR 2RI Caco—2 FTHepG2
AR Z B, HE BRSO . 5 TW 4148
ke, CaCl, 4175 22 48 242 U X Caco—2 Fl1 HepG2 il
B RS 58 . TW Z0%F Caco—2 Fl HepG2 4 Y
1Cs {43714 (0.053+0.004) . (0.060+0.003) mg/mL, ifif
CaCl, 41 I 1Cs, fH 43 %1 2 (0.030+0.002) , (0.043 +
0.004) mg/mL. XffEZH 5-FU %} Caco—2 Fil HepG2 4iifif
MR 2R3 50K 33.14%H1 26.27%, HIEFEACR LT
[ e J3 VG 22 46 4RI . Pasko ZEPWIFSE 5115 22 AE AN
PO 22 A6 ZE X IR HepG2 20 N2, LA J SW480 il
MIFENE, 25 1 mg/mL~2.5 mg/mL P4 2 462 FI VY
2 AE A B AR T HepG2 F1 SW480 940 3% /1, H.
XTRGH AVEFIE I Le SFUSHFST WA VG 446 2F £ %
FERC AT LI AS49 (s 20 ML) \HepG2 F1 Caco-2
ARG, H 1Cs fH53 514 0.117.0.168.0.189 mg/mL.
AR, Xu SEPMTE 2= A8 rh o B ali Ak K B 208, Y
PG 22 A8 KA 2 A 2 mg/mLL BF, nl i g
HepG2 Mt 5 #% Siha 40 FIZLIRIE MDA-MB-231
YRR A, ASBF 5T BT VY 22 A6 2F 4R U X Caco—2 Al
HepG2 4l FA AR 1Cs, 1B
2.3 VLA ZFREUIRT Caco—2 ZMEIH TR IK 52 1H

PG 22 A8 2R RIS Caco—2 20 L JH T3 1 52 0 U,
K3,

X FH Annexin—VITC/PT A G (0,155 %40 T T2 45 B
B AN o A . ANl 3 i, Gl P 2L AR
FRIBUPIALBRS V8 2 A0 2RIV 5 T Caco-2 411
KAEPET: ,TW Fl CaCly 48 7 40 i 49 L 61 43 31
46.63%H1 82.95% , A, W3 U T 240 i A5 i v T L0
JHT- 40 Pasko SFPMIFSE 2.5 mg/mL P52 AL FIPY 4 46
F AR B 6 25 T SW4S0 41 At AT HepG2
SRR FEIR , R IRV 22 A6 ZF SR X SW4A80 i i LA
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Fig.3 Effects of high concentration broccoli sprouts extracts on apoptosis of Caco-2 cells

W E PRI T(77.4% ) 1EH X HepG2 4l ifd #:MEAE H

R (IRFE 50% , T 20.9% ), 5 HARH S, ASHFSE

KPP 2 AE ZE BB R FE AE 0.180 mg/mLL Bif i 5 fig F

Caco—=2 I,

2.4 VE2AEZFAREUINT Caco-2 4HfI ROS 7K 20
PO 224 ZE R EUI R Caco—2 40 ROS 7K -1 525

WL 4,

M-CaCl, H-CaCl,

CR /R0t JRAL s M A HVRIE 0.045 me/mlL P8 % 2 24D
H R IA L 0.180 mg/mL 75 % AEZFHEE)
E 4 HEREBEZRFREYES Caco-2 4% ROS
Fig4 Medium and high concentration broccoli sprouts extracts

induce Caco-2 cells to produce ROS
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DNA $ifi15 | LR Bty WFFTRM , ROSH]
DLBCHE Bz 4m il 85 4 pS3, TR T-2 K Bel-2 Bel-
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F3E T P, 38 3 Y € 1 T A I DY 22 4 2R 4R B
PiIfE RGN ROS 7K. aniEl 4 e, 500 fEZHAH
Eb AT 22 A6 ZE B, I ROS AE i 2, H
e BN 5 5 TW 41AH EE , CaCl, 411755 Caco- 29551

= A R G 0 et 45 AR, P 2L AR SRR B
AT REIE L 55 Caco—2 ™ A ROS S il 41 A 7
e AT
2.5 PU2AE RN Caco—2 4L ML 5 FA, 137 1)
Al

PG 22 46 ZE 4R B X Caco—2 4 4 K 4% I R, 57 114
S LI S,

H-CaCl.

0.5r

S AR
o
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A LA T 7 E VIR IO 2 B s B MR e 37 i F R e 5 5
CR ZF/RAH AL M R AT BE 0.045 mg/mlL P4 22 A6 2420 H

FRIMA B HREE 0.180 mg/mL P4 22 A8 ZE4- B s Al/ING F-RFR
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Bl 5 HEREE=TEFRIUWIX Caco-2 HRLAL IR B ALHI RN
Fig.5 Effects of medium and high concentration broccoli sprouts

extracts on mitochondrial membrane potential of Caco-2 cells
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