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INEERR IS HCT116 ZHBEZE/NR
R RIEE 5 FHL IR

B3, FAL, BEkAE, it XEH
(RREIAFER A, #k KX 430070)

HE . BH WA EBRIPH AL HE HCT116 @M fe ) RAR N3G h 6 5 Fhuhl, TiE  H 60 X b
RS AT EE, BAMA, FBA, SHa (DERK, FPASHNZH) BEaEUIGEE D RiET
AR T EH HCT116 ek 100 w1, =G4/ R EFALES 100 w1 BRdR % b ik, D8I, PAS
FlF W AR EARIEA 1, 2 F2 4 mg/ml 89/ BB iR, 4625470 10 ml/kg, 3B E4 20 me/kg
BT, EOAABEA I A ES 10 ml/kg 09 AR oK, BB HMENH 1R /A, R O DEBTLEH
J& HCT116 tafa Akl 4E A, EFHIpHREA (0244£0.02) wmol/L, &L RREILER, 2FAL%TF
B (P <0.05), NEEBAK, PRAZAZTUMNBREZE, BERER ML, AREER M), ZHZIRHMEK
T, BAEMKRIAEAED (P<0.05), BAEAGFFZRKTEEO4 (P<0.05), NEBK, PhRHH T4, TR
WMAEFRY G TR, B EEMAHAZ NN ZRHERE (P<0.05), MERK, PESHNZAMNEEE
BOREA A BB M 2 A FRME (P <0.05), NEEBIK, PRASZH ZUHEARGOIPBE, N5
WA TR BB, PR EMNEAE (P <0.05), dRBAEDEBK, PHELZ (P <0.05), )EEHK,
W B A B4 Caspase—9. Caspase—3 mRINA #9483 £k FHEAEA MG (P <0.05), DERIK, FTEZHF Z4H
Cytochrome C. Caspase—9 % Caspase—3 & G AT R A ZHEMAMAZ (P <0.05). it DEHATAINEA
PRHEA Cytochrome C, #E i 7 8 48 % & @ Caspase—9 Fr Caspase—3 #9 £ 34, - FIT B AL oA T, K#

TP IG E
KHEIR . AT DB M)A T
FESZES : R735.35 XEEERIRAS - A

Molecular mechanism of berberine inhibiting proliferation of
HCT116 cells in mice

Yan Li, Hang Yi, Yi-lun Cai, Hong-yan Lin, Huan-xiu Liu
(Deparement of Surgery, Wuhan University of Technology Hospital, Wuhan, Hubei 430070, China)

Abstract: Objective To explore the molecular mechanism of berberine inhibiting proliferation of HCT116
cells in mice. Methods Sixty mice were randomly divided into blank group, model group, control group, drug group
(the drug groups with low, medium and high berberine). The micro syringe was used to absorb the HCT116 cell
suspension 100 ul and was subcutaneously injected into the right forelimb of all mice except for blank group. The
mice in the blank group were subcutaneously injected with 100 ul PBS, and the treatment drugs were given seven
days later. The drug groups with low, medium and high berberine were intraperitoneally injected with concentration
of 1, 2 and 4 mg/ml berberine saline solution respectively, and the dosage volume standard is 10 ml/kg. The mice in

the control group were injected with 20 mg/kg fluorouracil intraperitoneally. In the blank group and model group,
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10 ml/kg of saline solution was injected intraperitoneally once a day. Results Berberine inhibited HCT116 cells

in vitro, and the IC50 of berberine was 0.244+0.02 pumol/L. Comparison of body weight of mice in the berberine-

administered group (low, medium, and high doses), positive drug group, model group, and control group on days 1, 7,

14 and 21 after injection, at different time points within the six groups, there was a difference in body weight between

the mice (P < 0.05). The tumor long diameter, short diameter and volume of the low, medium and high dose berberine

group were lower than those of the model group, and showed a dose-dependent change (P < 0.05). Compared with

the model group, the survival rates of the low, medium and high dose berberine treatment group and the positive

drug group were statistically higher (P < 0.05,) and the berberine treatment group was dose-dependently altered. The

tumor weight of low, medium and high dose berberine groups was lower than that of model group, and the berberine

treatment group was dose-dependent (P < 0.05). The tumor inhibition rates of the low, middle and high dose berberine

group were higher. The high dose berberine group was higher than the low and medium dose berberine group

(P < 0.05), and the positive control group was higher than the low and medium dose berberine group (P < 0.05). The

expression of Caspase-9 and Caspase-3 mRNA in berberine group was higher than that in model group (P < 0.05).

The expression levels of Cytochrome C, Caspase-9 and Caspase-3 protein in berberine group, especially in middle

and high dose group, were higher than those in model group (all P < 0.05). Conclusions Berberine releases

Cytochrome C by destroying mitochondria, and then activates the expression of apoptosis related protein Caspase-9

and Caspase-3, and induces apoptosis of tumor tissue, and then plays anti-tumor activity.

Keywords: colonic neoplasms; berberine; apoptosis

INEERE PR R, ARG i i E A
BRI Z—, AW R BINEER AR TR R T 2
TR 2 B 2R P, oGk 2 e A LA AN [ A
JERAMEIE R ® ARBFIEAE BALB/C /NRZ R
4579 HCT116 4HH, SEHI NS Imtny, e/ hNaE
WAERIRIT 250, 55 BT 24540 bR v W A xR
PR 5 1/ NBERRIR Y 7 45 LA IR, B AR
Bl

1 RS

MpEEFE
N4l HCT116 20 ( 36 ERERR =58 0T )
Ri 72 F 10% GIBCO i 4 1L . RPMI 1640 58 & 15 37
B BT EYRHE AR A DS, T 5% A4k
3TCHEE ISR, 3 AR 1 k. (AR EE I S Ak
AR, BEHUER 2 AR AL T X4l K 4
g, LA 1500 r/min 850> 5 min, WCEEAMIDIEE, FHBEMR
gk ( phosphate buffer saline, PBS ) ( b RS
FHEABRA ) HEEAIM, FHE 3K, Ra—KERE
5 AT, fdFH PBS # BEAK 5.0 x 10° > /ml 1Y
YRR, i 5 WA Y (v 7 S e T A% 41 i
& >95% .
1.2 PR TEE R

FEAR ) S EOR FCH MTT 8 (b R R
HRATE ), WelEHN 5 mg/ml, 3% 6 DNHIER, F 7%

1.1

34 FAT AL B AL AT S BC ] A9 7 0.5 mg/ml MTT
AT I 3R 5L 100w ], 37CEERFE 4 h J53 B
W, BEFLANA 100 w1 MTT 23, 570 nm AbJ% K2
WG REE . P 4 LA R (%) = (25 X IR
JEEEE — A2 AWOGEE(E ) /25 AN BRGLOEE(E x
100% , 9 B8RO BT B il e 2
1.3 ¥
131 o4 FHMKFRES O E 60 B
10 J& #% B9 BALB/C B /N [ A2 7= AT IE S « SCXK
(7)) 20142017, fFHFAHIES : 321000600002258],
K 24 ~ 26 g, 1WFET SPF Hsh¥br, MasEEdlE
W, /NERAT B R YRR T K, R
UGN AR Z 5, BN has A (R R
il BAFATIGYY ). AAIL (A2 BRI ), A3
SARATIRIT ). XA (B Az AL A I S OR R W g
1BI7 ) Fe/NBERRAR T B2 . /N B P ) e 4 RN B
B e R A (2 MR A o R /INBERR YT ), R
10 2,
132 SR G R A tssy  FHMEER SR
B HCT116 40HE 1001, 25 T4 LAAMY /N RATET
JHC R ST 5 A VAN PR A AR R T4 100 ]
PBS, A /N B T8 S T A 55

BRI HIEE 7 RIGTFIRS 2y, R/ NEEk (46
¥ = 98%, et 211-195-9, FHFEEAHE
ARARAF ) T DMSO f, Wl e 1, 2 Al
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2R, A5 /DNIERNG] HCT116 A07e/ N BUA N TR Y 43 T HILRIIFTE

4 mg/ml, /NEEGHAR . . SRR AR 10 mlke T LAE
e, X BRI FRFEE 20 mg/kg 8 S T S RUR W BE
25 IR R AR s T 5 10 ml/kg B9 BRERIK, 4524
1R o RERERHE /NIRRT DR, &
SEUEST 14 do 7RSS 21 RAMSEATA/NRL, IR %45
H/NRAFTERAS
1.4 HiUIERR
141 HhEREEE BT RWNE 1 R/NRAEE,
WA/ NRIRE AL, 2N BRURE AR E L,
A SR 25 2 /N BRBE T R], 22 1 25 21 /D BRI %
HIES
142 BRI 0SS FHASMY /N AT IR R
AN, KAEH a, RN b, TE/NEMEAR, Bk
i =ab’/2,
143 ZHpapm s FREUNRE TR ERE, 1T
YIRS, MR = (BRI MR E i — A
Jigeg i / AERIZH R EE B ) x 100%
1.44 mRNA, &&§F&&EARF  FREUNIEEAE I
RNA, SRH qRT-PCR LA 40 IR T-4H & mRNA
ik, Caspase-9, Caspase-3, i F} Western blotting
o W 28 J 0F T AH OC 2 I Caspase-9. Caspase—3 Fil
Cytochrome C [ ZRRK-.
1.5 HitEFHE

Bi R F SPSS 20.0 Geit 8k, H R
PIH + hrifE2s (xxs) R, RSB E T 25
Ml I i 2208, 2D R L
LSD-t k5 5 THECBERIR (%) FoR, i x° K
By, WE—2 A BIPI EL3EF Bonferroni M IE R K
P <0.05 NZEFA G E L

2 %R
2.1 INEERXT L5 R7IE HCT116 MR E H&I1E R

JINBERI T 25 9 HCT116 A IkIERT, Hek
BOMEIHE N (024 £0.02) wmol/L,
22 INBHEETHIER

/NS BO5E 1.7 14 7021 R Foig,
RSBy 22508, @R - ORI
]S/ NEUA TR AR, 2R A Gei T4 L (F =14.593,
P=0.001); QF4/NUATE LR, ZRAGITFEENL
(F =16.012, P =0.000) ; @420 /N EUA TR 1728 fh e 94

A, 2R A% EE X (F=10.384, P=0.004), U
F 1A 1,

F1 BANREELRE (n=10, g, X*s)
201 ERPN WS 4R 20K
2 U 23.51 £0.32 23.24 +0.33 23.06 + 0.43 23.29 + 0.41
A ZH 22.82+0.33 22.59 +0.29 22.01 +0.39 21.23 +0.39

JINBEBRARGFIHRA 22.65 £ 0.30 22.85 +0.31 22.25+0.37 21.85 +0.37
JNBERRAH IR 22.59 £0.32 22.74 +0.31 22.42 +0.33 21.89 +0.40

JINBERRE A 22.20 £ 0.31 22.52 £0.30 22.69 +0.36 22.65 +0.35

X HEZH 22.54+0.29 22.84 +0.34 22.76 +0.41 21.77 +0.40

25 4 -S4

- RG]

2 JNBERRIIG I
93 v /NS P
= /B4
Epg -0~ XA

211

20 L} L] T 1

0 1 2 3 4
Hsf ] /
B SEANREETLHEE  (n=10, x+s)

2.3 HBHENRE THEERILER
AN . RARAATRILE, ZRA5
AR (P <0.05), /NEEGRAR . K sl 2L/ N B
RRAS, AR, BN, R
Rk, HAEBOB(ER/ N (P<0.05). I3 2.

F2 FBHNMEMEREZRERILER

(n =10, X+s)
2051 B KA /mm BRIEAR fmm BRTAEY Jom’
FERIL 15.67 +2.21 12.31 +£2.08 1.16 £+ 0.27

INBERRAR IR ZH 13.43 £2.727%7 10,63 £2.97"% 0.76 £ 0377

INBERRP R AL 12,59 £2.09 7Y 10.15£2.26"%7 0.65 £0.327%7

INEEBR SRR 1179 +1.82"7 885+1.67"  057+021"
XFHEZL 11.65£1.33 10051477  0.59x0.14"
FAg 6.192 3.388 7.852
P{E 0.001 0.017 0.000

W OSERY A, P <0.05; @5/INGEms e w4l A,
P <0.05; Q5XHAE, P<0.05,

- 15 -



THEBURE R

2.4 BHNMRFBEEXRILR

2% FA/INBAET RN 100% , #AIZH /N 50%,
JINBERRA A AL/INR N 59% , /NBERR A AL/INR N
62%, /INEERS IR 24NN 67%, AL/,
H66%, 2 x KK, ZERAFIEE L ( x'=11.264,
P =0.024 ), #F— LB LLE, £8 Bonferroni % %
ER IR KT, BRIZHAR T2 4l (P <0.05), /NEEG
ik, PRSI R, XI5 (P <0.05),
H %5 25 4/ BRUAE O5 % 52 00 4K ok A I
2.

1507 —— 4
—— A
. AN L
g 100 /N L
E 50 4 L — %] HR 2
0 5 10 15 20 25
A /d
B2 JBHENRTFEERHEE (n=10)

25 JHNRMBEESEMIERLR

FA/DNRMRER LR, ERA%IrEX
(P <0.05), /NEERAR . b L milie A i, H
LEFRAREE . AN IR R R, ZERA ST
FENX (P <0.05), NEERAE, hLmA R g A
BRI, /NS R LA N . PR
MR (P <0.05), M IBAB/NERAL, iR
i (P <0.05)o /NGRS =G 77 fi 20 55 060 MR LR R LU AR
2R HGET2ERE X (P >0.05), PILINREFRAHIET, W
%3,

i 3

X

® T

= 5

g2

-

z

£

ml

L

%

z

S0 :
2 3 4 5

%530 %

*®3 HANRMWEEEMINERLE (n=10, xxs)
4157 JiyR E i /g IR 1%
HERIZH 324+ 1.04 -

JINBERRAR ) B 2 293+ 16777 3426 +3.67°"
JINBER R B2 232413977 43.83 £4.29%"
INBERR S ) 2 1.45+1.42" 50.62 + 4.88
poyiicEiEl 1.75+1.37" 49.08 + 4.63
F1H 2.964 28.305
Pia 0.030 0.000

e OSBRI, P<0.05; @5/NER TR,
P <0.05; @SXTIRLIHAEL, P <0.05,
2.6 EH/IRMEHELR Caspase-9, Caspase-3
mRNA Bt RIE 2 LR

F /NI 44T Caspase—9, Caspase—3 mRNA
FAX RIA I L, ZRAZITFE L (P<0.05), /h
BERAR . R R i A R R A e, ) R SRR
iR 212 Caspase—9 ., Caspase—3 mRNA AR F ik &
F#R, 2R G4 X (P>0.05), W3 4 FIE 3,

R4 HBHANRPWEHLA Caspase-9, Caspase-3 mRNA

FIEMRIZELE  (n=10, xxs)
215 Caspase-9 Caspase—3
HERIZH 1.00 + 0.02 1.00 = 0.03
IINBERIAR ) 52 1.86 +0.07 %7 2.16+0.09"%"
/NBER PR 2 2140117 3.24+0.15""
NG ) 2 232+0.14™ 3.130.12"7
Xof HEZH 0.92 +0.04 1.18 £0.05
F1E 406.143 780.765
Py 0.000 0.000

e OSBRI, P<0.05; @5/NER R,
P<0.05; @5XFIAHE, P<0.05,

i 4]
< -

8 =

W

[

Caspase—3 mRNA X} &
b

o

1o BRI 2. /NBERRAGARI A s 3. /NBEIUTOR A ; 4. /NBERRE A 5. XTIRAE.

3 HHNFEMEHELR Caspase-9, Caspase-3 mRNA HIHEXT RiE B LR

(n=10, x+s)
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2R, A5 /DNIERNG] HCT116 A07e/ N BUA N TR Y 43 T HILRIIFTE

27 &HENRIMEHL Cytochrome C, Caspase—9
K Caspase-3 EAHEX RIZ=LLE

21 /N BRI IEE 41 2 Cytochrome €, Caspase-9
Caspase-3 HEHMMEIAE IR, ZRA5ITFEX

x5 &HNRIELHLA Cytochrome C, Caspase-9 &

Caspase-3 EAMEXMRIEEBIL® (n=10, x£s)
ZH 51 Cytochrome C Caspase—-9 Caspase-3
e 0.45 +0.03 0.35 +0.02 0.72 +0.04
INEERRAIGRIRZE 070 = 0.04 0.52+0.03 0.81+0.06
INEERRFIRL] 0.75+0.08 0.53 £0.05 0.83 +0.06
INEBEBRE R 0.95+0.10 0.50 £ 0.04 0.79 + 0.05
poy k| 0.40 = 0.05 0.28 +0.01 0.64 +0.02
F1 5.102 4398 4.012
Py 0.002 0.004 0.007
Jui [ "
g 15 i 08
; A
i &
= 0.6 1
-
2 1.0 1 =
o =z
s I 0.4 4
U HE{
< 0.5 o
g g 02
= g
g 2
= 0.0 < 0.0
1 2 3 4 5 1 2

(P<0.05), /NEERIA . +h Kol it AR R A e o X
N8 21 55 45780 21 i yed 2H 21 Cytochrome C. Caspase—9 M
Caspase-3 #& [FIAHXT RN & [, ZR TR E X
(P>0.05). U7 s ME 4. 5,

1 2 3 4 5

Cytochrome C s o o s oo |5 kD

Caspase—9 27 kD

CASPASOT e o — 35kD
T—

GAPDH — — — o— 30 kD
Lo BERIAL; 2. /NBEGLARG i dd; 3. /N BEGE b R i AL
INBER T AL 5. KPR,

4 HBHENRMEHLR Cytochrome C, Caspase-9
X Caspase-3 EH XA

4:

i 10

ek
° o o
BN (=)} oo

e
[}
"

Caspase-3 & 14

o
=)

3 4 5 1

2

3 4 5

1. KWL 2 /NBERRARRIIAL; 3. /DNEERCIRI AL 4. /NBERRLERIIEAL; 5. XIE4L.

E5 &ANREHELZH Cytochrome C, Caspase-9 K Caspase-3 EHMEX RIAE L

3 e
25 ST — A 53 U B
AE, FEAEREBCERAE = fE RS, (Rl B E A O

LA AVE TR K BT, 25 H I R R 2 B
THEH T H T R L X T4 B AT R &
TN TFARIGT A G ALY, 5- SRR H AT
PR SRS ELAA G2y, mT 0 i v s 1) 1
P, LR R SRR RRAE AL R B S 112, T4 DNA Y
B, S AR A A A T
ABEFEAE/ N B T S NG HCT116, A2l
T/NRES IR TY, TRTCGMIRY T IR . ik
FALGE A 25/ NBER, RN ) P/ N S A AL A
254 5- FIRMENELR 2 . RIS /) U B8
TR, R IR/ T 2 RS AR, fE
55 3 /N R R, 3T BE LS AT 24 W) SRR R
MR G, NREZRBUNIEST, BRAK, X

I

(n=10, x+s)

KUBICKA" (5 25 AL /NEGERS 3 J, et
TERLEZ B, e AR IR e i ) /MBI T
AN A ZRBERIBET -, BIBUZHAT 50% HIFET %, [F]
I/ INEERBAN [R) 77 42 25 25 AL/ BTG R R AR . AN
FER PN B /N ERIIRE R, 3K AT g 5 SUR W g 41
il 200 R P A B AR A DG . (RS R BT R /)N
BAFERITERT, RN YT IR 0 B
D FIRE N, B Eg B RsE, [FER
/INBRE g S5 ) 12 A PR A RN B TR IR 2 2
LR 7R /DN 20 24 2L 1 PR 3R 0 B e R
Caspase—3 S22 H ) T o 7% v s 19 S B il
WA T RN T 05 1Y Caspase—3 ATAEH
T PARP IR, (HH KRR, =4l fE k4 i 48
st DNA™S i Caspase-9 ] ARG Caspase-3, J&
SRR N, AR AN & AR T S TR/
BB i /1N BB B A bR AR AL, AR S i
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BUN R AT 220 mRNA, AU 40 I T A DG 2R
L JERRIBKE 25 A, BRI Caspase-9 Fl
Caspase—3 mRNA 4t FALER LK, /NBEGRZA 24 f5 g
e Caspase—9 Fil Caspase—3 mRNA [ ik, {HH
A 245 ) G DR s WE TIC 1 A AR T ARG 00 L O TR G
# H Cytochrome C. Caspase-9 Fl Caspase-3 HJ 3 ik
KAV, BERRIAE/NEEAR  h E ARA RL
a4 Cytochrome C 25 H /KA FFE, X
W MR ZH LR T BRBBEAR , 3K Cytochrome C ZE
SN, X AT RESE— LG MR AR R T, S
Hh, INBEG %5 24 )5 E %15 T Caspase—9 il Caspase-3
P 7iv G ol W ) i o 1 I e R T ] B i
259 5— DR G WE AN LA B IR AR AR BE L Cytochrome
C MiESs Caspase—9 v Caspase—3 FIAMIhEE, x5
MOGHIMIPOUR 45 "™ (R BIF 52 45 S ARAL . 7T BE A Jit (A
& 5— UKW WE S 45T IR T M 1) 2 ZEAL R 2 T
AU DNA 1945 B

g5 LAk, AHRSE  I INBE R o B R LR A R
i Cytochrome C, SETT G P8 T A S Caspase-9
F1 Caspase=3 B ik, MR ALV M T,
PETT R AEDTMIR TS T
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