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[Abstract] Objective To study the expression of oxidative stress (OS) in rat liver fibrosis model of
Budd - Chiari syndrome (BCS) in rats, and to discuss its significance. Methods By using digital table
method, a total of 180 SD rats were randomly divided into control group (n=20), model group (n=80) and
sham group (n=80), the model group and the sham group were equally subdivided into one-, 3—, 6— and
12—week subgroups. Conventional feeding was given to the rats of model group. Partial ligation of post-hepatic
segment of inferior vena cava (IVC) was performed in the rats of model group to establish BCS animal model,
while no IVC ligation was made in the rats of sham group. All the procedures adopted in the sham-operation
group were the same as those in the model group. Liver tissues were collected for immunohistochemistry, HE
and Masson staining. The expressions of malonaldehyde (MDA), superoxide dismutase (SOD), transforming
growth factor-B1 (TGF-B1) and platelet-derived growth factor-A (PDGF-A) were separately tested. Results
The MDA expression level in model group was higher than that in control group (P<0.05), while SOD

expression level in model group was lower than that in control group (P<0.05). Six months after treatment, the

DOI:10.3969/j.issn.1008-794X.2019.07.012

HETH: 8& B4R EE$ (1708085QH218) . XI5 AT/ T 52 £ & (TQGB20180247 ) B H R K 0 Hi 15 &
I B (20180351)

YEH AL 233300 2 @oER FO B NRBEBZEE (R ML IRETEE . FDEE | BREed: | XI5k | (R0 ) ;
o E R R R AE MRS — BN AR (B | REE & K JAHRE)

WEEH . ST E-mail: 39055004@qq.com



— 670 —

A AT

2775 2019 4E 7 A5 28 #4557 J Intervent Radiol 2019, Vol.28, No.7

MDA expression in model group reached its peak, while SOD expression reached its lowest level. The

expression levels of TGF-B1, PDGF-A and mRNA in model group were higher than those in control group as

well as in sham group (P<0.05 in all indexes). Three months after treatment, the expression levels of TGF -

B1, PDGF-A and mRNA in model group were the highest. In model group, MDA bore a positive relationship
with TGF-B1 as well as with PDGF-A, while all MDA, PDGF-A and TGF-B1 had a negative correlation with
SOD. In model group, liver fibrosis was positively associated with MDA but negatively associated with SOD.

Conclusion OS persists throughout the entire course of BCS and affects the progression of congestive liver

fibrosis, which may be the entry point for the treatment of BCS as well as a direction for future research. (J

Intervent Radiol, 2019, 28. 669-674)
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i - n%E 451 (Budd-Chiari syndrome , BCS) /& JiF
KL 1 T BHLZE 5 | A Y — R 8 I A E 1 B, e 309 mT
HE & LR 44k Ak E K - (TGF) -B1 ML/
WA A A4 K7 (PDGF)-A 5 5 T 2 0k 40 g (HSC)
ARG 51 & 3 5L BE U0 I £F 4 46 Y 32 2L
il 1230, RS K BRI I gk AT 3R N 3K (oxidative
stress, 0S) 1] 52 0 HSC 1% 1k K I 21 4 b i 72, (H7E
BCS /R AL i AN R AR HE BCS K
BB 7R S A 22 1) 157, OS A i ) T8 % (MDA ) 41
1 15 Ak B (SOD ) AT £F 4k 4 AH G I TGF-B1 |
PDGF-A ZE 46 FR T EATHE BCS BRI 33k & X,
PR S5 RAGE IR

1 MB57HE
1.1 SE5Gsh Y A pF

AHE S 20 Be B AR B 5L s b . 180 HUAA i it
195~255 g fil: i P Sprague -Dawley (SD) K L (11
A E R R B R K E S S — BB s by ) TE
I 15~25°C, {BJF 50%~60% .12 h s 52 % i
TIE AR, LY e EE A MDA SOD i) &
(L EH AR A A, B-WL8h & 1 (actin) (3£
[ Santa Cruz ZEYH AN F] ), TRIzol i3] (£ H Life
B A w] ) PicTure™ £ I35 (38 [ Zymed A ] ),
R G W HE R (PCR) G F 50 (LA TAE Y T/
A, 9t i PCR X RevertAid™ i % 5% i 7
& 35 AL 2% KO (ECL) X 7 & (22 [ Thermo
Fisher Bt 4% 22 7] ) , 8 B8 2% #h W (PBS) , TGF - B1 .
PDGF-A —¥Ht (edi 1 : 300 Fi k), i 2EHi/h R 1
Fhibe eGP S EWHARNA),
1.2 BEASRYE Ao 40

R AR B0 e S R B 3 S R IR ZH (n=20) |
PR ZH (n=80) A F- R 4 (n=80) , 5 1 41 Fi it F
RIS K 1.3.6.12 T4, %84k AL

Budd - Chiari syndrome; active oxygen; transforming growth factor; platelet - derived
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K H PicTure™ 20k A5 U) 7 S 2K 3%
H,0, ZiRME 5~10 min,PBS ¥ % (2 minx3iK ) ;
T n—4t, =R EF 30~60 min,PBS ¥ 1k (2 minx
3K 5 i naE FH 1gG Bk (Fab Br) - 3R i & 1k
Y (HRP) Z Bk, I8 H 10~20 min, PBS ¥ i
PE(2 minx3 ), "2 KRN (DAB) I 5, 75
TRk Mgk Y K E R BIPEXT R DL PBS AR
Be—bu, BRAEXT 8 R 20 BEE R 5 LA GE R 3 BB A 20
It S5 A € UK Ay BH P 2R3k N B R B
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SR FHOBUATE AR e o0 125 SR 27 3% b MDA .SOD
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A% ¢cDNA, 17320 22 i PCR(RT-qPCR) K, PCR 2
B 25 :95°C 2 min,95°C 5 s,60°C 10 s,40 MG FF
195 TGF-B1 L3 5°-AGGTCCTTGCCCTCTA -
CAAC-3", T 5°-CGTAGTAGACG-ATGGGCAGT-
37,96 bp;PDGF-A L i 5°-GTGCGGTCTTTGTTCT -
CCTC-3", Fii# 5°-TCGCTCTCTGT-GACAAGGAA -
37,137 bp;B-actin | i 5°-CCCATCTATGAGGGT -
TACGC-3", Fil# 5°-TTTAATGTCA -CGCACGATTTC-
37,150 bp, AHXFERIEELL 2-A ACLHHE
1.7 G B S A6 I

100 mg FALEY, hn A ST 90 9% U0 vE DU 2
(RIPA) A I 24 WK 1 mL, B0 8 EWEW, A 5x+
T R R N — SR T 04 I fre 45 R L VK (SDS - PAGE )
ZWIR (1 2 4) ;37K 10 min BEEEIR, B 5L
90 min, ZEYE S min, EIREFA 2 h; —PL 4°CFE 7 i
B, T Tween®20 i R £ 22 w1 (PBST) 1 1 (10 minx
3); “HEIRME 2 h, PBST ¥ #h ¥k (10 minx
3 ). ECL KK (A, Image J B0 50 B 445 JK i
B 5NS B TR A=,
1.8 SFilzhmik

K SPSS 22.0 Gt o3 A B, 5 Uk 1E
o3 Kooy 22551k i BORE LS B e m E 22 (s )
FR o PRI ERS AL MR TF AR G N 2 5 K5
50t R 2H 22 S5 B B TR R 7 22 43 b, RS TR A R AR T
AN 2 1] 2 S5 PR 1R 25 7 22 40 BT, 465 0 281 (1) 7 7 L

OB KB IVC 254U DSA 3 HF IS Be IVC 5 I 2848 (L0032 0 A W 3 (R 757 ) P 000 S0 B (25955 ) 5 P E HE 3% (5 (x200) T 1 52 4 3K
I AT UL 2T 40 YA AN PR BE A% B N ZT e 5 (DI AIE Masson B2 5 (x200) 1 S I I A X AT A it 2 AN I TR JHE A0 U
(@)3 JE AR 1 7 e 28 2 T A DT LI R 5 (56 I BT SHF 40 6 36 43 5 4, vl sk i O] TR BT DX S AL R e €6 5 (6)12 JE B JHF 40 A 5 4 HF
75K LA MR AR, o e e DK Rl B A DX R AL U (A R R

1 BCS HF&F 4 BRI g 52 1%

B H LSD Kz 56, 439l LA Pearson £ il Spearman % 43
Mr &5 48 bn 8] &35 A5 5 AT LR dE AL R AH Gt . K5k
BN 0.05,P<0.05 h 255 A Geit 7 L,

2 H#R

R AR i) £ 25 R, 6 BEZE KRR TG 20 H A
AU 1.3.6.12 J8 W4 5 5476 18.18.16.17 H |
P AR WA 5 BIAFEG 19,2019 18 H, FEAIL]
R AR S5 1 2 2 W70 > | SOni a8 gl B 8 K
BN BOIVC BRI B A% mumd ik, 3 AR &
WOE L S A6 3R (] 1QD) 5 %3 BRAH BT AR 41K BRI
BN RN AL DSA KA BB R, B
B P58 ARSI S T BT R A ) BE A 34 T BH M
PRI, TGF-B1 . PDGF-A 55 £ kol AN 3Rk B4
1~ 12 J& T 96 20453 43 0 27 4 A0 R B n o (3% 1]
1@~®),TGF-B1 .PDGF-A BE 2k F 54 1 7E
04 P9 B 24 R 5 ) A0 L T A DX R A A 2 4 i
LT (F 2)

OS FEhR KGN 5 %, AR 20 MDA {8 = T 5 iR 4]

R 1 B R FUITF2F 4E L 17 0 n
T4 So 01 S\ S: M S, S 1
1) 11 1 0 0 0
34 10 2 0 0 0
6 4 6 6 0 0 0
12 0 7 5 0 0

DX} WAL ST ARLL TCF-B1 A WL PE Y (o, QBRI 2 TGF-B1 B4k Ye (o T 1L 45 14 1z 40 Hi I 485 DX i) 5 40 e e S 2L 21 @) IR 241
AR PDGF-A 4 T B4 S (2 (@R 4 PDGF-A FH Yo (37 T ML 5 P9 B2 240 I 10485 X i 5 4 6 A0 e B 4 4
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(P<<0.05) .SOD {E A& F X} B4 (P<<0.05) , % 4H i) i
TR ZFY G245 L(P>0.05) , Pi4145 ] 15 MDA |

SOD fH Bk 22 5 ¥4 it 8 L (P<0.05), H
20 MDA i i T [6]— i s A AR 4 (P<<0.05) ,SODAI%
F ] — B S T AR 4H (P<<0.05) ; #5580 24 MDA {5

ThEJE TR (6 ) ,SOD {55 T T, i
A B R R 2 R G R X (P<0.05) ;MDAE
12 85 3.6 ERf 225 ,SOD i 1 85 3 J&nf 22738
TGt 2= L (P>0.05) , FHoAax 5 i 2 P bh A 22 5%
WA g4 X (P<0.05), 1% 2,18 3, 4DQ),

R2 HKUKE MDA, SOD i Hb# B n=12, xts
T4 AT 21 BT ARH X AL P1ia

MDA/ (nmol/L) SOD/(pg/mL) MDA/ (nmol/L) SOD/(pg/mL) MDA/ (nmol/L) SOD/(pg/mL) MDA SOD

14 8.53+0.40 54.01+4.05 6.47+0.34 57.75+2.87 6.58+0.19 58.27+3.66 0.001 0.012

3 9.04+0.58 51.16+5.27 6.57+£0.37 57.65+2.02 6.58+0.19 58.27+3.66 0.001 0.001

6 Jil 9.61+£0.73 37.56+4.83 6.48+0.58 57.92+4.47 6.58+0.19 58.27+3.66 0.001 0.001

12 JH 9.41+0.19 41.90+5.72 6.65+0.48 57.91+4.74 6.58+0.19 58.27+3.66 0.001 0.001
FiA 10.063 28.547 0.400 0.016
P1E 0.001 0.001 0.754 0.997

X HAZ MDA . SOD {58 FARAHM e, F=0.383. 0.049, P=0.802. 0.955;
FERIZH MDA . SOD {5 {5 F R 4H H

0.001, W4[E P#4<0.05;

BTARH
3J4 64

XJREZH
1J#]
43kDa — — — —

12.8 kDa

15 kDa

XFHR4H MDA . SOD {6 54 R4 1L, F=80.597. 39.094, P#j=

F=112.124 | 60.476, P¥J=0.001, W-41[A] P ¥<0.05
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ac@ act@
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8.00
6.00
4.00 |
2.00
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8.00 |
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124
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RT-qPCR, 43 Bk I 245 51 B /s, LA 2
TGF-B1.PDGF-A mRNA SE T B (376 3 JH 411k
WA AR ), 34 T 0 BRZH ROl T R 4H (P 19 <<0.05) , 1E
S A 22 S A WAL P LR 25 S A Se it
227 X (P<0.001 . P<<0.05) ; ##I2H TGF-B1 .PDGF-
A Rk G R4 BT ARA R, 22 5 WA g it
2 (P<0.001) ;441 TGF-B1 PDGF-A £ ik5
AR mRNA 5 1E A 56 (r=0.855.0.976,P ¥1=0.001),

x3 HHEKMTCF-BL Kk

B R 2 F SH B mRNA ik $ AL, 0L
43~©,%3.4),

246 B EF 4EAR A O PR A3 B R, BEAY 2
TGF-B1.PDGF-A 5 MDA H M IEM G, =# ¥ 5
SOD fl % ; MR IF£F 4ifb 5 MDA IEAHE, 5
SOD A5 ; TGF-B1 . PDGF-A 4 5 JIF 41 4 fk A 5%
AR, LS,

H W n=12, x+s

T4l Y 2 BFARAH popiiil FAE Piti
mRNA HH mRNA H mRNA HH mRNA I
14 1.64+0.16 0.61+£0.04 1.06+0.10 0.24+0.04 1.00+0.09 0.24+0.02 104.335 436.142 0.001
3 A 9.19+0.69 1.33+0.08 1.07+0.07 0.25+0.05 1.00+0.09 0.24+0.02 1607.653 1601.121 0.001
6 Ji 3.19+0.28 1.06+0.07 1.03+0.08 0.24+0.05 1.00+0.09 0.24+0.02 590.827 1144.623 0.001
12 J& 2.68+0.22 0.76+0.04 1.02+0.10 0.25+0.05 1.00+0.09 0.24+0.02 525.653 669.495 0.001
FAE 876.879 369.405 0.809 0.417
P1A 0.001 0.001 0.496 0.796

XPREZH mRNA/E [ 5T RAML, F=1.115, 0393, P=0.359, 0.813; %I 20 mRNA/K H SHIAIZAELL, F=1 000.090, 761929, P ¥=0001,
W2 [H] P #4<0.05; BRI mRNA/E A S5 R FARAMIL, F=473.914, 553.945, P3¥=0.001, W.Zi[E] P #<0.05

x4 KHAKKE PDGF-A Fiklbis

H U n=12, xs

. AL BT ARH popiekil F1{H P
mRNA I mRNA I mRNA I mRNA  &EHA
1) 2.02+0.21 0.53+0.02 0.99+0.09 0.24+0.04 1.00+0.08 0.22+0.07 208.971 146.645 0.001
3 JE 5.85+0.73 1.32+0.06 1.04+0.16 0.25+0.05 1.00+0.08 0.22+0.07 494.673 1161.321 0.001
6 Ji 4.13+0.46 1.06+0.06 0.98+0.10 0.23+0.05 1.00£0.08 0.22+0.07 517.490 718.587 0.001
12 A 2.63+0.23 0.73+0.09 1.03+0.11 0.25+0.05 1.00+0.08 0.22+0.07 433.070 190.368 0.001
FE 166.129 352.658 0.981 0.330
P 0.001 0.001 0.410 0.804

X HEZH mRNA/E A SR T ARAMELL, F=0.830, 0.804, P=0.512, 0.528; XffZH mRNA/& H SRRV AELL, F=253.931, 512.394, P J=0.001,
LA [H) P #4<0.05; BB mRNA/ZE A5 R FARAMIL, F=333.047, 513.398, P34=0.001, W.Zi[E P ¥#<0.05

RS RAIYL K P8 b 28 S 2 A Ak 1R) A oG b HICRE r

ZH TGF mRNA/ZE H PDGF-A mRNA/#E H MDA SOD 21 44k 5 %
TGF mRNA/ZE 1 1.000/1.000 0.918/0.986 0.746/0.697 -0.503/-0.501 0.292/0.252"
PDGF-A mRNA/ZE [ 0.918/0.986 1.000/1.000 0.724/0.725 -0.508/-0.513 0.246/0.266
MDA 0.746/0.697 0.724/0.725 1.000 -0.812 0.739
SOD -0.503/-0.501 -0.508/-0.513 -0.812 1.000 -0.628
B e 0.292/0.252° 0.246/0.266 0.739 —0.628 1.000
THISEHE RS TR L, P>0.05

3 g ALk | X 5 HE i I £F de AL Al 5 45 R AR L ]

BCS ) A AT I #5121 37 o A5k 2 350 A0 9 ot e
A TEPEE(ROS) 7 HETTAE S 0SS, MDA 2 Jiz
0S $i 15 e AR FE AR, W TG4k Kupffer 20 i , ff
Hoor w2 R fa R, A 3 HSC 434k 34 58 R D
B, B R IFLF 447 SOD MR T A1k & G 18
T AR5 K BRI K R4S A5 MDA . SOD
K25 A BE BCS 5 T a0F Ji A7 7E — 2 B AL, 3R W OS
257 BCS I 4efbib i, JFrlae b HigshN &,
570 20 45 B 55 MDA {B ¥ = T/S0D {8 ¥ 1% F %t #]
H AT AL, LWALELE OS 4 ; MDA/SOD 5 JiF£F
HiAl S IE/AR 328 0S 25 T BCS #6585 JiF 41 4

SRR OS #8e 7w AN\ B2 OS Je Tt )m
R, Ud B L 5 48 Ze AR DT 3R 7 B E AR DG, R IDE U 1
BT ROS S A 40 M B AS 1 i 1 82 A MDA,
AL A DNA ZEW K57, I FESOD 4531 &
AE 0 i OS, BUE 25 6 JE Gk OS o5 il 25 il
SCIEFME L, OS 05 i (H H IR 245 T 1B %, BT
U o 345 A 0 2 A Ak 2 o R e e ISR M S A
IR IE N REAR I BCS WA LM £F 4k 1k, B A AT
W IVC AR AR F B,

TGF-B1 /& HSC Ak iy b 75, 3l i s
Smad 155 18 [ A2 28 40 i 41 56 T 77 AR SRR AR 4 ik
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A7 PDGE J& HSC s g 73 24 I, w411
il 4 B 40 35 5 PR A, n o £F 2 Ak R 10 AR F A AR
R TGF-B1 .PDGF-A WG48 T IEH /K F, JFE A
IEMX,RHEMS5 T BCS k4 it #2 (5 Liu
GRS 25 AL, I X AT REZE T PDGF 321K o J&
TGF-B Z & T iiF Smad2 15 5 5% 5 1Y Wb B2 45 {101,
SR TGF-B1 . PDGF-A ¥ %e Tt 5 %, H 5 £ 44k AH
RPN R, XA ] T I8 s TR 27 4R AL 98 45 512
XA BEIE T BCS WA Ik 1] 37 32 BEL e 35 1
L Bl R, SR SN B 15 T £ R A YT A
S 101 B A S A P 22 ff OS, IR R I TGF-B1 .
PDGF-A FRik , T 3805 £F i fb R — 3,
RI4H TGF-B1.PDGF 5 MDA 1EA1¢, 5 SOD A
56,3 A] g TR LB USROS B4, Ak A%
T (HIF) 1o 235 B0 TGF-B1 F_E J 8] J5i 4%
1k, 755 PDGF & 1l Bk #2725 TGF-B1 . PDGF 5
U I fk AEURR FE DG R B U TR S BCS R ] 2 GE
AHIC 31X A 5 16 PR 5 A AF——#R T 32 i I S 0
W, 180k BCS B IFLF 4 (bt e 2218 513 TGF-B1
M PDGF-A WEAH (3 & )4 0S W fH (6 J&) H B, ]
HEZ 5 1 BCS RN EE HSC G4k . Ml <76 34
JE 2104 TGF-B1 A1 PDGF-A P [RIE A F 1M 45 %
sk 200, A7 o )k e AT P DR i g 4TS X
AREIE A T 6 JEAIIS OS Wl X LEFRHRII7E BCS ik
T 5 IR AIG, vT RE 2 M S A6 SR 22 M OS, HSC 55 41 i
TEAIR A R 2l 10 B KO i 2 s T IE R 3R]
BCS fE7ERFLE 0S, X ATfEE BCS 5 H B R MIFLF
YA HE BB TS AN [R) A Di A

ZE LA UL, 0S BHEE T BCS 24N 2, IVC BH 2

J5 OS H4hn, S0 TGF-B1 . PDGF-A ik K ik ifi o

JFEF b it e . OS WiF /& BCS 4R 4 fblf sh IR % |
BCS JAIT VI S R ARG T5 1), AR5 AN B 45
JREAR HL, KR BCS BRI ULEE I [ 45 0, 12 JAJS OS
51T £F Y Ak an fa] A2 b i AN TE R 5 BRgE R R
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