Chinese Journal of New Drugs 2021,30(13)

- B G H T IS

T R ok &L E OB A M ER o 2 e
(1 FELEGEREFRRERLGYZAFN BN PO, LE 10017652 1 H E F A % % b E Ao
E ¥, 43 10000533 B A &2 54 F#F % K, g 100050)

[(MZE] HH:H XD WA I(aristolochic acid I, AAL) xf 2 J& # C3H/HeN #L i t # 72 B AF %% 18 & 32
AR A AL . A 2 E Y Ey C3H/HeN FL R MEAE A LML 2 3 41, B 3t B4 (0.5% CMC-Na) , A
PE 7| %t P8 41 (DEN 20 mg-kg™') F1 AAL 41 (AAT 10 mg-kg ™), R4 %5 WE 9 AN A WA [k & 34T A 5
AU PR E A, B A AR N Rt AT A A B (ALT) (A 4 A B (AST) % 7% 4 U 38 A5 AR Ao
H it % B (AFP) & & AT IE 4 & 40 fu A~ % IL-18 A0 IL-6 4 & ,Ki67 & @ fn 40 je 4 i & & 19(CK19) ¥y %K ik
NFkB P65 ,Ras/Raf,Caspase-3 ¥ & A KA KT, R ERAERLAHT, L REF % T AAL 7 5 5 C3H/
HeN L B & 4 & 4 M /N ROIFJE B R £ & 95 h 78.57% A0 41.67% . 5 75 3 % B 4040 1h , AAT 41 /)
R KW ALT,AST,AFP,IL-18 #1 1L-6 & F % % & , AT i Ki67 #1 CK19 % 3k 2 [0 ¥ ,NFkB P65,P-AKT, Ras,
C-Jun,C-Fos,C-MYC #1 Bel-2 %k 3 ¥ % # & ,IKBa, Bax #1 Caspase-3 & ik & 2 K 1K, &5 zt:;%ﬂﬁ}:T

AAL 7T LB A 2 Bl # C3H/HeN LR & 4 AF e b8 , AL % 7 66 5 % & I 40 )8 W PI3K/AKT % JF i %  Ras/
AP1/C-MYC Tﬁéﬁﬁz\%?’rﬂ 1 #| Bax/Bcl-2/Caspase-3 % 4 K 8 1= B H * .
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The hepatocarcinogenic effects of aristolochic acid I and associated

mechanisms in C3H/HeN suckling mice
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[ Abstract] Objective: To explore the potential hepatocarcinogenic effect of aristolochic acid I ( AAI) on
2-week-old C3H/HeN suckling mice and its possible mechanism. Methods: Two-week-old C3H/HeN suckling
mice were randomly divided into 3 groups, i.e., the vehicle control group (0.5% CMC-Na), the liver cancer positive
agent model group (DEN 20 mg-kg ') and the AAI group (AAI 10 mg-kg ™ '). After 9 months of observation after
a single administration, the organs were taken for gross pathological and histopathological examination, and the levels

of serum biochemical indicators such as ALT, AST and AFP in mice were detected. At the same time, the contents
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of IL-1B and IL-6, the expression of Ki67, CK19, NF-kB P65, Ras, Raf, and caspase-3 in mouse liver were
detected. Results: In this experiment, AAI caused liver cancer in C3H/HeN suckling mice. The incidence of liver
cancer in male and female mice were 78.57% and 41.67% , respectively. Compared with the vehicle control
group, the levels of ALT, AST, AFP, IL-1B and IL-6 in the AAI group were significantly increased, and the
expression of Ki67 and CK19 in liver were positive. The results of Western blot showed that AAI significantly
increased the expression of NF-kB P65, P-AKT, Ras, C-Jun, C-Fos, C-MYC and Bcl-2, and significantly
decreased the expression of IKBa, Bax and Caspase-3. Conclusion: In this experiment, AAI caused liver cancer
in 2-week-old C3H/HeN suckling mice. The mechanism may be related to the activation of PI3K/AKT inflammatory
pathway in hepatocytes,Ras/AP1/C-MYC proliferation pathway and the inhibition of Bax/Bcl-2/Caspase-3 Mitochondrial

apoptosis pathway.
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tase, ALP) |y &% BEF% K ( y-glutamyl transpeptidase,
GGT) B [& B ( cholesterol , CHO ) | =k H il ( triglyc-
eride, TG) . JIH 4T 2 (total bilirubin, TBIL) | f¢ 2 &
(urea nitrogen, UREA) Fl1JJLET ( creatinine, CRE) ¢,
6 MEFEAE A (alpha fetoprotein, AFP) & B
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TMAMN —HERBEE 2 h, R, #HH
Image J B0 28 55 K BE(E, LA H B9 5508 FN 2 11
HH TG4 .
11 HitoH
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P<0.05 R EAGITFREX EMBEEER
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4525 3d Jg AAT A HEPE/NRRBET. 1 2 HEME /N R
T3 K452 8 A e izl /NG 2238 T 2
HO AR /N LR
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WM 1 iR, 5T AR e DEN 26 /) [ i
W ALT,AST,ALP fl CHO &3 7F &5, AAT 41/ KL IfiL
% ALT,AST,CHO #I CRE B &, HAThn AR W

[
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xts,n=12~14

P53 4151 AST/U-L™! ALT/U-L™! ALP/U-L™! CRE/pumol - L ™! CHO/mmol - L~

TP 0.5% CMC-Na 49.00 +6.04 21.17 £2.29 56.75 £3.68 7.00 £0.75 3.66 +0.16
DEN 20 mg-kg ™' 107.54 +18.29" 109.92 +22.68" 124.00 +30.78" 7.54 £0.67 8.50 £1.06"
AAI 10 mg-kg ™! 80.75 £23.31" 64.92 £18.74" 57.92 £16.72 9.75 +2.82° 7.48 £2.16"

W 0.5% CMC-Na 83.27 +8.73 33.40 +3.36 3.20 +0.20 7.80 £0.68 2.59 +0.08
DEN 20 mg-kg ™' 108.29 +39.47" 48.00 +15.16" 3.18 £0.17 10.00 +0.69 2.85+0.07
AAT 10 mg-kg ™" 67.17 £8.52" 62.25 +4.69" 2.89 +0.82 8.14 =1.11 6.00 +0.15"

LT B A L 2. P <0.05,b: P <0.01
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T2 B ig 45T C3H/HeN FLE AAT9 M AJE
L% AFP 5 5 =5
P 259 AFP Y& F/ng-mL ™!
T 0.5% CMC-Na 2.78 £0.38
DEN 20 mg-kg ™' 5.15+0.97"
AAT 10 mg-kg ! 5.34 +1.84"
HfE 0.5% CMC-Na 2.82+0.47
DEN 20 mg-kg ™' 4.05+1.24°
AAT 10 mg-kg ™' 3.84 £1.39°

SO BA M a: P <0.05,b:P <0.01
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S SE R A NEAR PR E I RS R 5%
B R A e AAT 41/ BUE IE B R X 3 RIS
(P<0.05) R WENEZS RECK W B M2 5. AAL
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W3,

®3 PRAD g 45T C3H/HeN FLEL AAT9 DA /NRIES R MG AL v £s5,n=12~14

JUE#5% T /g JIE 2% R E %

5 JUE#% 0.5% DEN AATL 0.5% DEN AAI
CMC-Na 20 mg-kg ! 10 mg-kg ! CMC-Na 20 mg-kg ! 10 mg-kg ™'
T T 1.26 £0.06 2.91 +£0.33" 2.04 £0.33" 3.59+0.08 8.61 £1.02 6.19 £1.00
5 0.61 £0.02 0.57 £0.03 0.50 £0.02° 1.74 £0.05 1.69 £0.10 1.51+0.07
O 0.19 £0.03 0.18 £0.01 0.16 £0.01 0.55 £0.08 0.52 £0.02 0.49 £0.01
e 0.08 £0.01 0.12 +£0.01° 0.09 £0.01 0.23 +0.01 0.34 £0.03 0.26 £0.02
i 0.21 £0.01 0.21 +£0.01 0.20 £0.01 0.59 +0.03 0.61+0.03 0.61 £0.04
" 0.26 £0.01 0.30 £0.02 0.26 £0.01 0.75 £0.03 0.89 £0.06 0.79 £0.02
i b 0.06 £0.02 0.04 £0.01 0.05 £0.01 0.20 £0.08 0.12 £0.02 0.14 £0.01
B Jig 0.19 £0.07 0.13 £0.01 0.12 +0.01 0.58 +0.26 0.39 £0.02 0.37 £0.02
=2, 0.16 £0.01 0.16 £0.01 0.16 £0.01 0.46 £0.02 0.46 £0.02 0.47 £0.02
22 0.08 £0.01 0.08 £0.01 0.13 £0.05 0.23 £0.02 0.24 £0.02 0.39 £0.16
0 JHF B 1.02 £0.08 1.22 £0.05 1.17 £0.04 3.70 £0.26 4.17 £0.15 3.84 £0.12
5 0.37 £0.01 0.36 £0.01 0.30 £0.01" 1.32 +0.04 1.24 £0.03 0.99 £0.05
O 0.14 £0.01 0.14 £0.01 0.12 £0.01 0.49 £0.02 0.47 £0.02 0.41£0.01
e 0.08 £0.01 0.09 £0.01 0.09 £0.01 0.29 £0.01 0.29 £0.01 0.30 £0.02
i 0.18 £0.01 0.17 £0.01 0.19 £0.01 0.64 £0.02 0.60 +0.03 0.62 +0.03
" 0.28 £0.01 0.30 £0.01 0.31 £0.01 0.10 £0.03 1.03 £0.03 1.02 £0.04
i e 0.03 £0.01 0.03 £0.01 0.03 £0.01 0.09 +0.01 0.11 £0.03 0.10 £0.01
B 0.12 £0.01 0.12 £0.01 0.12 £0.01 0.43 £0.02 0.41 £0.02 0.40 £0.04
TES 0.02 £0.01 0.03 £0.01 0.02 £0.01 0.09 £0.01 0.10 £0.01 0.08 £0.01
T 0.17 £0.01 0.20 £0.02 0.16 £0.02 0.60 £0.05 0.68 £0.07 0.54 £0.06

ST AL AR ,a: P <0.05,b;P <0.01
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HEUFE AR (x100)
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B 1 C3H/HeN /]y BUAMARE A I 241 2008 Bl 24 46 4 25 SR

ATEIEXT IR R WS s B AAL L, CK19 TB (T 3RIA B T s Co W XS MR 2H R I 5 5 D AAT 4, Ki67 B I R I TH
2 C3H/HeN /N HE CK19 F1 Ki67 055 4 AL 46 25 45

T4 IR ig 44T C3H/HeN FLE AAT9 A
Jei HFIIE £ 2 B 27 A A 45

ZH S L A 0.5% DEN AAI
FEA &S CMC-Na 20 mg-kg™' 10 mg-kg ™'
MEE AN AR — 1/14 2/14

JH 4 i 98 — 10/14 11/14
W il — 6/15 3/12

JIT- 40 e — 7/15 5/12

— R ML B B2 A A 1/147 1 O e A 2H U B 2 B 1 B )
B, 14 09 9 A H G AE I S B, AR L 2 AfE

ARSI, DEN 3647 24 FU/N B CHETE 14,
MEVE 10) W BT IE I A 25, AAT 41364 19 R
(HEPE 14 8EE )t BUATIE K (457, R Bk
LA AR R UL PR R AT LS
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fdi FH Fisher B U)K 635 BN K 36 % B AAT 25 25 241 )i
e Je R TR I B e &R R (P <
0.01) o #ILHIWr 7 A S50 v AAT 5 2L B8 & 4
HATMCHE . AAL AT RE A 8L B 1 7 .

B PE AL 45 R W AATL 41/ BUIFIE CK19 Al
Ki67 25 12635 Tt i, 4 00T 20 i Ab 1 PRk 43 24 0,
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BURFIE R IL-18 1 IL-6 & 5 1 2 Th &, AAL 49 i 7 BT NFkB P65,Ras #1 Caspase-3 tH£E 1 %Kik
ANERUFFRE A TL-18 1 25 T, IL-6 T i T . FEA SIS i AAT BOHEME /IS B i & AR 28850 M

PE/INER i, T DA 6 FH M /0N BRUCA R 98 X 2 % AAT
F5 PR g %47 C3H/HeN ZLEL AAT 9 4~ A I IiE JEEAL AT W) 2 R R . Western Blot 45 SR 4114 3

HIL-1B fIL-6 8 x+s,n=12~15 FiR o SRS BB4LH L AAT 41 P-AKT,NFkB P65

i 2415 IL-18/pgeml""  IL-6/pg-mL"! EHFEILDES S, IKBa 2 FFE%; AAT 40 Ras,

Mt 0.5% CMC-Na 18.62 +4.85 346.64 £39.27 C-Jun,C-Fos fl C-MYC & H #£ 5T 5 ; AAT 4H Bel2

AAL10 mg-kg™'  48.59 £12.46"  441.75 +33.56° ik B % I JHm Bax 1 Cleaved Caspase-3 ik I 3

WidE  0.5% CMC-Na 18.56 £3.45  372.21 £35.67 FEA ., 25 R4E78 AAT 1] B i 06 PI3K/NFkB 4

AAT 10 mg-kg ™' 34.67 £2.49° 399.25 +42.63 iE 38 B [RIT 75 Ras/AP1/C-MYC {iE 3% % i % ,
SN BRI L a: P <0.05,b: P <0.01 g MR T AR TR A A, WK 4,

P-AKT

IKBa

NF«xB P65

GAPDH |

Ras

C-Jun

C-Fos

C-MYC

GAPDH

Bax

-—— e—

Ratio

0.5F
Caspase-3

GAPDH Bax Bcl-2 Caspase-3

A JIFHE P-AKT,IKBa il NFkB P65 & [ %35 ;B JJFIE Ras, C-Jun,C-Fos fil C-MYC & 4 %3k ; C: iIF It Bel-2, Bax Fil
Caspase-3 7 [ 4615 ; CON : 7 EH P15 AAT: AAT 10 mg-kg ™" 41 5 5 7 B x4 BAALHI I a3 P <0.05,b; P <0.01
B3 /NEUFIE NFkB P65, Ras il Caspase-3 6B A H£ L (X £5,n=5)
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AAT RETS FEUIFE B RTAF S A A B R4 i
ABFSEM 2 J % C3H/HeN FLRBEAT 9 A A #1E
S, RIRAE 2 ARSI K ig 45T 10 mg-kg ™' AAI
AT LGB C3H/HeN /)N B & A= T 400 it 98 0 T 400 it J
1. AAL 10 mg - kg ™' & A U A 21 B S2 5 45 2 i
C3H/HeN FL B i} 32 5% 5% 1 5 K0 1, M4 i B 45
L /)N B 3 T RS 2 H B, A Y T I R LA
RIEEGD 10 15, BEAR AAL (B 2 M 7 LUAE 5 h
JEARH A ARSI K ig AAT 9 AR R
WLZE 3 /I8 BB U % 2 B8 R O R s . 5 A
(O BF S8 AR L, AR S 9 45 26 70 4t i /D HL 52 5% ) ()

(LR 24) X AT BE SR AR IR SE 3 v AAT A3 il
MM ER
FHAERE R AALEL 2 JR# C3H/HeN F UIT &

FROBILT , IS AE DR 200 i 384 980 70 240 i 04 2 55 07 T 49
AWETE AAT XS /N BB IE B4 32 1

Ki67 J2& — A 55 19 58 40 M AH OC B9 A% L L, R D A
T 200 IR A ) B0 i, SR B 5 W 4 i
SRR . AR A AR 1 CK19 78 HoA IEAY 40 i 45
AIE 1R I 40 M 088 oh e 235 FEAR 23 v CK19 75 %
IBULWT AAT 536 4 68 40 0 1= 28 0 4% 4 BE ) 0
ANVEREE B o CK19 L 2 i 40 I 30 1 b 35
Z— HBAMEFRIB UL AAT AT RESOE T 9 T 4
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AATZH/NER TL-18 A0 1L-6 @ 2% I, 3 m /D B
JHHE A 4 G PR AT O £ VS I Ak T 48 E T
Hi_to NF-kB J& 2 L RE 8 P M sk 2

VAT [ B A7 S, A S 8 R E 1 40
%%ILIBHI IL-6 & 3 F+ i, Al GEff NF-kB K3k T+
HE— 20 WG PI3K/ Akt 4 4E 8 B, 2 i 1L-18 Al
IL-6 FRIBFFELT i, B A GPEDE Al JFIE R Ak T &
SEMGE . NF-kB UG W2 5 30 F i K 7~ AP1(C-Jun
Hl C-Fos ) TR , 4 1 A S EN R 45 2R e B AAT 4 /)N B
HFHE Ras, C-Jun, C-Fos 1 C-MYC Jg&E A #iAxF 5,
XAR7R AAT AT BRI I b Al 48 5 B S 3O 4
08 TR R

NF-kB w] 3855 240 i #4998 T2 A , 8 1 e 53¢ A2 ik
P T8 1 Bel-2 5% 469 Bax 254 L3k 240 41
T ER , Caspase-3 J& 4k MK{FJTffﬁ‘:E"I%E’
PATE , @ % Cleaved Caspase-3 & £ AU FE 4 A
AR TORE N o EARLR R, AAT AR T &
[ Bel-2 F1H 127 14 Cleaved Caspase-3 ik It # [%
i ,NF-«B FHL A T- 8 4 Bax 2 3% [ Fh, 4875 AAL7E
ARRE PR R A] e BRI LR AR TR AR EE L A
JHF 4t TG B 384 B, 55 1 1 7 3 it 2 m] S 30 A
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