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Abstract

AIM: To study the antitumor and anti-metastatic
effects of gamboge in an orthotopic mouse mod-
el developed with human colon cancer cell line
HCT116.
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METHODS: A colon cancer model was devel-
oped by surgical orthotopic implantation of
green fluorescent protein (GFP)-expressing
HCT 116 tumor in nude mice. Forty mice were
equally randomized into four groups. Group
1 served as a negative control and received in-
tragastric infusion of normal saline once daily.
Group 2 received intraperitoneal injection of
5-fluorouracil at a dose of 25 mg/kg three times
per week. Groups 3 and 4 received intragastric
infusion of gamboge extract at a dose of 10 and
20 mg/kg, respectively, once daily. Each animal
was checked for mortality and signs of morbid-
ity every day. Primary tumor volume and me-
tastasis for each animal were observed under a
fluorescence imaging system twice a week, and
body weights were measured as well. At the
end of the experiment, all mice were sacrificed
and open fluorescent images of tumors and
metastases expressing GFP were acquired, and
the tumor was removed from each mouse and

weighed.

RESULTS: After initiation of different treatment
regimens, the average tumor volume (mm?’) was
significantly smaller in the gamboge (20 mg/kg)
group than the control group at each observation
point (d4: 104.5 + 35.5 vs 164.1 £ 66.1; d7: 102.6 =
53.8 vs 286.2 + 132.0; d11: 137.6 + 70.5 vs 324.4
115.8; d14: 207.2 £101.7 vs 434.2 + 169.3; d21: 229.8
+ 99.8 vs 480.4 £ 165.5; P < 0.05 for all). At the
end of the study, the average tumor weight was
significantly smaller in the gamboge group (20
mg/kg) than in the control group (0.58 + 0.26 vs
0.92 £0.26, P < 0.05). There were no statistical dif-
ferences between the gamboge (20 mg/kg) group
and 5-fluorouracil group, as well as between the
gamboge (10 mg/kg) group and control group,
in term of average tumor volume and weight
(P > 0.05 for all). At the end of the experiment,
open GFP imaging demonstrated that all groups
presented metastasis of lymph nodes or the pan-
creas, although there were no significant differ-
ences between the four groups with regard to the
metastasis rate (P > 0.05 for all). No significant
morbidity or weight loss was found in all tumor-
bearing mice.
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CONCLUSION: Gamboge at a dose of 20 mg/kg
was able to suppress HCT 116 tumor growth
in an orthotopic mouse model of colon cancer
safely and effectively, and may possess clinical
therapeutic potential for colorectal cancer.

© 2014 Baishideng Publishing Group Co., Limited. All
rights reserved.
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1.1 ## A& A RKHCTI160 A
Rl bt LA R E MR T, Gtk f
(green fluorescent protein, GFP)[{ ik i ki
pEGFP-N3(-)IlJ 5 2¢[EIBD Biosciences/A #); i
3% 3ipLPCXJW H H A<Clontech Laboratories
Aw); RPMI 1640853758 Jif2F i 390 [ 55
EGibcoA rl; FALEE S I A B /NE 2
b, WBE 250 mL: 2.25 g, b5 HH32023209;
S5-FREE (5-fluorouracil, 5-FU)I [ K4
FIRA A, WEHN10 mL ¢ 0.25 g, fit5
JHH12020959; ik 50 H e at B 2 K M R
B=ReZiFIRL. € Balb/c#i i, RWE7 wk, 7R
18-22 gl A M K 2E LB 2 oty s shd)
YFHIES A SCXK(F57)2007-0011, ShEHIES
30001868, 7EJCHF & )i /A (specific-pathogen
free, SPF)Z bt b R 4¢P AT 17, 1Akl 2k Bi60
B AR KB K B F R AR B YT 95
PRI 25 264 TREA BR A 7).

1.2 7

1.2.1 HCT116-GFP4a Lk 69 #y i A= i ik : (1) A\
s A MARHC T1167E 3 10% MR 21 1L, 100
IU/mLE % %, 100 TU/mLEEH Z NIDMEME; 75
W, 37 T 5%CO %M TR, 48 (2)%
79 6 T 1 30 5 o B 4 QAP T67-Plpex-
EGF P i g 52 U5 i AR D) BB 2 7] 2 I SCHR[15]
()7 kg 3. R 9RPT67-pLPCX-EGFPAL%: 4
Ja, WCAE AR AN ks 7R B3, K i AR
TR NG HC T1L6 4 il rh AT 4% 4%, 48 hJm
S WL J3800 wg/mLIKIHi 77 2 (G418)3E4T
ik, ARG e R GFPRIAIMIEK, MoHI%1.5
X 10" /m LI & (8,5 S B 1 5 e 1R N 45 8 40
(HCT116-GFP).

1.2.2 05 & 2 RUOCIR[14]00 J77%, HURE 2
200 g, KX 8% . 6ffF & 1950 mL/L L[]
WALHUR IR, BERL b, A IFIEM, W40 2 CREE,
FHZAK AR 45200 mL, 73R4I, I $2 I
#1100 mL, INZTR/KFRE 22500 mL, S A
pHZAS, B.0a(F343000 r/min, #5010 min), H{ I
TR 0.1 g/mLZ5W, BEOGAEAEES CIR
S5, A5 P A A R ER K 73 591 L B R 1RI2 mg/mL
(1) S0 AR
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GF PN i oy ol Bz #eA 12 H{ Balb/c#R BT
i, 50.1 mL. FE A2, MMRA10 mm
X 10 mmif R F A ALEHE, ERPMI 164047
TR B BT mm X 1 mmoK /], E# 3t
ITIRAI RS A, 140 @ Balb/c#R L, X 52 A%
BUAC H UL AT SR BRI, 7R B R IR A —1 em
IPD) 1, BYTF 7 I AN, 5% 8 ml 5 3 o 3L
FEHEIESN, X8HMRIFAREIM(ZOOM645S, VL.
A A OGS AR PR A R DI IF S5 R, H18-0
HPRFE LR (IR AR S R e g7 A B A ] ) HE 1
AR DT 28 I 4 N 25 T SR P9 LA 18 s 7 s A
Jed, ¥ 45 Wi R s O il s AE IS |, 5-09h 4%
L (I AR B R H A PR ) O P S .
A FARIRA I 1 TAE & Hh 52 k.

1.2.4 E3sh o BR 54T fER A #iEE
18 d, FURARIAS0 mm’, 40 H A7 A% MR A
R, BENL ka4, BEAL100L, 23 BB T 290 T
(D).

1.2.5 W JRULE B 5 0 3 THA2) T- 15,
RUMEI NP H AT b SRR, B
JRTE R S AR TG L. 5 JR 2 0l 8 2 56 B 1) A
. )TG3 wk, 240 HE L34 JiRe (AR
L3480 mm’ SN YRR A A S0 24 5, THH
B4R A S0 Ak BE BT A A7 AR IR R, 4T T
FETEAT ARG, A A D R IR B e R A L. DR D
R IR AT RR TSR U SR R, R = (O
FE 2L Y- 347980 o - 51 6 4 T 35098 oo )6 LA
3988 5 £ X 100%.

1.2.6 M A& % 56 b Al B 52002 FHIFLU-
OR-100/N 1% AR 5 5245 22 4t (P 18 2R I 4K
PR A B 24 7] )Xo S0 S WA T A A A AR SN
HAG, ISR P TR R e AR KA . S 4 0K
BRI AT TR ISR SO R, AR S (5%
R 1K S AT S A7 A% R IR 1 2 K R S B I .
A T [ AU B 2R ) JSUR A AE OGS R
5 A R N 1392 X 104014118 Fr, HlImage-
Pro 5.1(3%[EMedia Cybernetics/ 7] )il f 4R il S
A7 MR AR (L) AR AR (W), FFRR A (L X
W) X 12T IR AR (V).

1.2.7 AR F 547 THBEIOCAG S, VIBR SR
BB S R IR R L A% kL, H 7 R F-(TANI-
TA" KO-160)%f i & sk i, J7 RIEEE T
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G1 0.9% SLEH - 200 1R/d EE oA G 8 K,
G2 5-FRIBIE 25 200 3R /wk EBIRET RFgxons
G3 e 10 200 1R/d e ﬂfi‘f’?ﬁm zﬁ%
SR A R R
ETSES- 98-8

X 2 HYPFRRIGAEN BRI ERAZIPBEIEIIEIR (mm®, mean + SD)

DB BISTE )T INRl ETPS FTXR FENX 14X EJIPS

G1  WIRAE 82.8+23.9 164.1+66.1 286.2+132.0 3244+1158 4342+169.3 480.4+165.5
G2 G-mRIFIE 82.1+17.1 61.7+26.0° 89.6+57.0° 132.8+90.9° 172.0+115.1° 196.9+ 123.8"
G3 EE(10mg/kg) 84.5+29.4 1383+45.1 267.2+1504 312.6+167.2 374.8+250.4 423.3+289.1
G4 BEEB(20 mg/kg) 83.4+299 1045+355° 102.6+53.8a 137.6+70.5° 207.2+101.7° 229.8+99.8°

2P<0.05 vs WIRZE.

%R 3 THASSERBRALIMESESRIER

Hia BT il £ A R
(mean + SD)

G1 POfEHE] 0.92+0.26 - _

G2 5-BERIFIE 0.51+0.28 0.003" 45

G3 BRE(10 mg/kg) 0.71 +0.30 0.117° 23

G4 BEE5(20 mg/kg) 0.58 +0.26 0.010° 37

°P<0.05 vs WIRZH.

FRAE T-196 CHA T, 2-3 h)aih A-80 CILiR
UKAA T ARAT. T3 B 23 I A i e 0 6 RS L e T
4% s T [ e, AT I, U HH&E G
8 I P S0 B T

Seit b8 KHISPSS17.08 1 HEA T4 7>
Mr. =R mean £ SDE R, KA ST
L VB R %R, 2 40 LLECR FH o 4
¥ sl Fisherk§ iM%, P<0.054 2 R H Gt

2 BR

2.1 JESE xR RRALAS ML 98 69 FpRIAE R 259
T, A5 JH 200K AR SO EAZR AR & i
JoRRA, TS AR B 40 D T e S 38 4
B 29903 whkohy SER A, AbBEAT IS () SE 5
W, YIRS IR AR B R, 45 R W20 me/kg
JHE R 2 25 W 5% R IR ST 340 R AR R S % R
) Jie 8 o e 6 IR AL LA 25 R ST R L
(P<0.05)(#2, 3), 55-FUA LI E T LG
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X (P>0.05)(£2, 3); 10 mg/kghE 4 T8 A % W
B R0 1 bR AR I 2 S 5% AU MR T B 5 0
WA EL AT TE W B 25 57 (P>0.05) (62, 3). MR it
AR 2, 20 mg/kg B 20 RN 5-FUZH 498
RPN K 3T%FN45%, 10 mg/k gl #2018
H923%(#3).

2.2 RS ATRY R AR AR R 9T T3 wkoh SE
B2 i A IE BT B ARSI SER BN, TR P 5%
JCHARA AT Mg AR SR G L, 6 RS R
TR B LG, L AR LY R R AR e A kL ().
FH G 960 %o A 200 1 90 L e B A B AT LU A, 22 5
i it 275 Xy = 5.6000, P>0.05, %4), KH
fisherk§ B Mt A2 IR L R A L BEAT 2047, 72
FIGH 2R X (P>0.05, F4). XUIRIR AT
H&E Y 0, 1 7 B A Ji i 1 e B Wk B 5 48 IR 43
P (2).
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paxi:l B3T3 BEEBER RRRER
G1 NHRE 7/10 1/10
G2 5-SRITIE 2/10 2/10
G3 BREE(10 mg/kg) 6/10 5/10

G4 BEE(20 mg/kg) 5/10 2/10

s BRYERI. BRI, A
AN [F 7] 6T i A N PR SIE 56 B P4 HH B2 ) AR
KA RN, ME— 1 B0 T 2R R e B Jo
PEC BRI R A TURE2 IR, % 2 A IR R B
(1)~ 1) 4% Joi 8 Pt A I T) PR 4R RS S ek A, HR
HIL 3 S (K13), 4418 R i KR T E R
= IUE 25T UG 521K (R5), AR BE R
AR [1)20%. AN RZAHLE, 20 mg/kgl e
HMS-FUZ A e 25 480D, 110 mg/kg i 3
A TR R 2 (3R5).
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TR T 2R T TEORLAEL A7) B AR T 4 H 1 T A
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S180. S37. ARA4. W25647 HIMEH, x4k
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100).

YRR, I 5 B0 BRI S 4h B i i 1 g A
TUZ P REATAEARBIETT, 5 W TG IE AR AT B
IESE 3

BRELURE T S RS RIS 2 B AR R T v,
(E TR R IR R 8 I, 3 BOZ R A T
PN e i DL I JR s R s A e ). BE R T
X”fﬁ—ﬁ%ﬂr‘tﬂ*U?}\%’é i L e T DR 2

S, (ELE IR A 2 R M R T T DA AR AN N 2
EE, W E R ORI A e AR . R

Fy AR LR 0 A S R A, DRI 3 Y 2

BRI /AN BURSE 2R Y BT, e M R A ) U AR AT 2 E
1T PGS H I 290097 RO ) B AR A 3
MR 4O PO G ITHCT 640 i @ ar 7 A\ 45

g A B AR S A AR T (surgical orthotopic
implantation, SOI), %A A2 F H T A B 7 544
E RS IE I 3 10,9 1 1) 45 1 e b kg AL 23 D A 7%
TR LR B P G IR, AR AT LA #
GERE S STSUNEIUIEER IS W EER NS S H

i ARACL I A AR R A2, TS e PR A
T8 96 B, W5 0 A B BRI 3 5% 7 %

12 N T AR A5 2R AT 5 Ak 7 S5 i A b8 1) 242
KRB HEAT S JB B 5%, AT ik 2> S 56 )
VIR BET RS 50 i 2, A2 VP Ak O 8 2 1
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Gk B (do) (d21) (%)
G1 WiRA 19.8+0.9 17.2+1.8 13
G2 5-FRIZIE 19.9+1.2 18.0+2.1 9.5
G3 BEE5(10 mg/kg) 19.9+0.9 16.6+2.0 17
G4 RE5(20 mg/kg) 20215 18124 10
25 AP E 2 e A 0. T A1

-+ G1 WAL

- G2 5—SRURMEEZ
5+ - G3 i 10mg/kg
& G4 P 20mg/kg

0 : L L L ]
0 4 7 11 14 21
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B 3 AHESERDYINENMEARETL.

NG5 e HC T 11640 J AR Bl I A7 A% b e A K
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