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[ Abstract] Objective We aimed to improve an existing modeling method to establish an experimental model
suitable for cancer research with short experimental period, low mortality, and modeling cost for metastasis. Methods
Animals were injected intraperitoneally with 200 mg/kg N-diethylnitrosamine ( DEN) at the beginning of the experiment.
All animals in the first and second groups were given 40 or 80 ppm N-nitrosomorpholine (NMOR) via drinking water for 20

or 10 weeks. Animals in a third group were given 0. 8 mg/kg NMOR via gavage for 17 weeks. Animals in the second and
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third groups were fed for 7 weeks following the NMOR treatment. All animals in the first and third groups were subjected to
two-thirds partial hepatectomy ( PH) to enhance cell proliferation activity at the end of the second week after DEN
treatment. Results The first group had a liver tumor incidence of 10%, a survival rate of 100%, and a lung metastasis
rate of 0% at 20 weeks. The second group had a liver tumor incidence of 35% , a survival rate of 76% , and lung metastasis
rate of 0% at 17 weeks. The liver tumor incidence was 100% in the third group. The survival rate was 100% or 55% at 20
or 24 weeks. The lung metastasis rate was 55%. Conclusions Overall, these result suggest that modeling method such as
intragastric administration of 0. 8 mg/kg NMOR for 17 weeks after intraperitoneal injection of 200 mg/kg DEN and a two-
thirds PH can effectively establish an advanced liver tumor model with a high survival rate and morbidity in 20 weeks. In
addition, metastases can appear at the later stages. This modeling method has several advantages, such as high incidence of
hepatocellular carcinoma, high model survival rate, and late-stage metastasis. This could be an ideal model for research on
the prevention and mechanism of hepatocellular carcinoma.

[ Keywords] advanced liver tumor; animal model; N-diethylnitrosamine; N-nitrosomorpholine
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Figure 1

Experimental design

R IRZARE AT E A
Table 1 Body and liver weights

21 5] ST TE 4 Sk VNG Zi Xt FH i Absolute(g) AHXTH & Relative(g/100 ¢ B.W.)

Groups Weeks ~ Number of animals  Final body weight(g) i Liver fifi Lung JIF Liver Jifi Lung
$ 14 Group1 20 10° 410. 80 + 44. 50 11.70 = 4.40 - 2.80 £ 0.90 -
%24 Group2 17 20 455.40 = 41.80 15.20 £ 1.84 1.80 = 0. 15 3.30 + 0. 44 0.39 £ 0.02
%34 Group3 24 6 479.70 = 39. 50 23.19 + 11.60 2.18 = 0.36 4.83 +2.50 0.46 = 0.11

T a IRASH R SR,

Note. a, The final number of anatomic animals.
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Figure 2 Survival curves

2.3 BRUTH

i PO S WU K7/ O NI o 2o VI
D L = v L e 7 N O o 1 = o 111 823 Y 1
PP I A B IR 25 IR R AR A (LK 2)

TESE 120,565 15 JR 4 I 4% 15 Jo 1 1 i) s 2 A28
L (B 3A 3B) , 5% 20 JA i, 2R 0T 1M1 A
A3 Sl 4 il 2% T AT A A AS0TR S ot ( ] 3C.3D)
PR B R R, FESS 2 41,5 10 A 1T JE
Ba] UL 3R TE M ASSF A i BE R N AN A
LS (K 3E .3G) , H A 453 i &0 ik
#F60% 5 1 HMHAREER(P<0.05),
DRt 2 T AT UL AR Stk . (& 3F L3H) L, 1 R
ST UL R, FEER 3 4L, S ) IR) AT T ol A
LS RSIE Y/ W W o T e I N O L I S
MEEAEARL 2 ~ 3 ecm NERKEAGLET, 457

) &R IR 5] 100% 555 —4UAH H A i B 5 2 5
(P< 0.01), filiz%m ol WL i 5 ( & 31.3)) &9
RN 83% 55 1 AL RIS 2 4L b3 i B 2 2
S (P<0.01), 7 5% ar Wb K,
2.4 JRIBAMZEKE

TESE 14,58 15 JE A0 20 JR ) sh ) i T 2
BT AN 2 A M | AT 4 4% 4 4l 4L R T 20
Jl B3 e AR A B B 8 BB/ i O L AR
SN MO E B G R N 90% (E 4A) L1 Hshh
RINFIE RWR R 10% (R 3) . Wi 81454
B W BRAS AL (181 4D) o 7E%5 2 41, 55 10 J& #1117
JEL % 50 3l 1 8 B 3 0l BT L 67 % Fl 65 % 1) A%
AAfEkE, 53 8h 17 FA3h W) R B e RN 25% (K]
4B), 10 Bt 1 K sh ¥ g, 4
17 JAfi i) B A o Sl R BT, BRI IR bk
BEPEMISE T WS4, kA2 400 5 R 33% F1 10%
(F3) . Ml B & i, {3 R W FE R AL (I
4E) , TE%H 3 4, % 24 J& B T AT 0L AR S5 40 i Ak
JiRIRE DL K 41 B RN &5 # S AU MR B A R A A% 2
&I I (T 4C) 55 R 8] By Bt %) b g8 4 6 72, i
R AR 100% , R HE N 91% 55 1 4
M2 HMIL AR D EZR(P<0.01)(£3),
ili 20 8038 1] L9 i L B kL RS RO 55% (R
3), 55 1 AR 2 M A B e B E AR
(P< 0.05 8 P< 0.01), BCAh, ik o] UL i
[F1) J5 14 it 2 R A B9

F2 HRMAEAL

Table 2 Macroscopic observations

- JF Liver fili Lung il Spleen

am o smEm g ek REMOAT  RmSEhng . yeay  MILRSURRRE

Groups Weeks imal Surface Petechia or - - Petechia or .
animals Hypertrophy 3 o . Nodule Nodule i . Swelling
roughness ecchymosis ecchymosis

514
g‘ﬁ A 20 10* 1°(10%°) 3(30%) 0 1(10%) 0 1(10%) 2(20%)
Group 1

#5024

%ZKE 17 20 3(15%) 15(75%) 4(20%) 12(60%) * 1(5%) 1(5%) 1(5%)
Group 2
/«/J’ 4]

B3 A 24 6 1(17%) 6(100% ) 3(50%) 6(100%) * 1(17%) 5(83%) “*# 2(33%)
Group 3

TE a AR R b KRG e KR 555 1 4LHLEL, “ P< 0.05, ™ P< 0.01; 553 2 411048, # P< 0. 01,

Note. a, The final number of anatomic animals. b, The number of animals. ¢, Incidence of lesions. Compared with the Group 1, * P< 0.05, ™ P< 0. 01.

Compared with the Group 2, P< 0.01.
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Note. A, B, The liver and lung in the Group 1 showed no obvious change at 15 weeks. C, D, White nodules and Surface roughness in the liver and

petechial in the lungs observed in the Group 1 at 20 weeks. E, G, The liver in the Group 2 was rough and hard at 10 and 17 weeks. In addition,

there are petechia and white nodules. I, H, The lungs in the Group 2 observed slight peterchia at 10 and 17 weeks. I, J, The liver in the Group 3

was rough at 24 weeks. In addition, there were petechia and gray nodules. In addition, there was observed ecchymosis in the lung.

Figure 3 Macroscopic observation photograph
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Table 3 Histopathological findings in the liver and lung tissue

2H 51 S JE I e AT Liver fili Lung
Groups Weeks Number of animals AR SN LL Altered cell foci %98 Adenoma Jif Carcinoma  ¥GES kL Metastasis
A 15 5¢ 0 0 0 0
Group 1 20 10 0 1°(10%°) 0 0
524 10 3 0 1(33%) 0 0
Group 2 17 20 5(25%) 2(10%) 0 0
% 3 éﬂ wkiE s il
Group 3 2 11 1(9%) 10(91%) 6(55%) 6(55%)

TE a: FORBRRSIIECG b 3R U AR B S B0 5 o FORIZE R 5T 1 HILEE, " P < 0.05, ™ P < 0.01; 555 2 %L, P < 0. 01,
Note. a, The number of anatomic animals. b, The number of animals with histopathological lesions. c. The incidence (%) of histopathological lesions.
Compared with the Group 1, * P < 0.05, ™ P < 0.01. Compared with the Group 2, P < 0.01.
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Note. A/a, An altered cell foci of the liver in the Group 1 with vacuolation( 10 X / 40 X). B/b, An adenoma of the liver in the Group 2( 10 x /
40 x). C/c, A carcinoma of the liver in the Group 3(10 X / 40 x). D, The lung of animals in the Group 1 showed no obvious change( 10 x).
E, The lung of animals in the Group 2 showed pulmonary hemorrhage( 10 x). F/d, The lung tissues of animals in the Group 3 showed metastasis
foci of hepatocarcinoma( 10 x / 40 X).

Figure 4 Microphotographs of representative liver tumors
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