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Protective effect of z—VAD-FMK and Necrostatin—1 on the organs of rats with MODS
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Abstract Objective: To investigate the protective effect of z—VAD-FMK and Necrostatin—1 on the organs of rats with MODS. Methods:
Adult male SD rats were used and rat model was produced by hemorrhagic shock based on injecting LPS. A total of 80 rats were randomly
divided into four groups: z—VAD-FMK group; Nec—1 group; z—VAD-FMK+Nec—1 group and model group with 20 rats in each group. And
the 72 h mortality was observed. In addition, other 40 rats were randomly divided into five groups: sham group; z—VAD-FMK group; Nec—1
group; z—VAD-FMK+Nec—-1 group; model group, with 8 rats in each group. The samples of different groups were collected at 24 h after
injecting LPS or normal saline. Serum ALT and AST were detected by automatic biochemistry analyzer. PaO, was detected by blood gas
analyzer. And serum TNF-a and IL-1f were detected by ELISA. The pathological changes of liver, lung and intestine were observed by
H&E staining. Results: After hemorrhagic shock, the expression of ALT, AST, TNF-a and IL-18 significantly increased (P<0.01) while the
level of PaO, markedly reduced (P<0.01). Under light microscopy, hepatic sinus expansion, liver cells degeneration, necrosis, as well as
infiltration of abundant inflammatory cells were observed; the structure of alveolar walls were destroyed and the pulmonary interstitial
hyperemia and infiltration of abundant inflammatory cells were observed; the structure of intestinal villi were destroyed and the top part of
villi cells and crypt cells degeneration, necrosis, as well as infiltration of abundant inflammatory cells were observed. Compared with model
group, the up—regulation degree of ALT, AST, TNF-a and IL-1f and the PaO, reduction were smaller in z—VAD-FMK group, Nec—1 group
and z—VAD-FMK+Nec—-1 group (P<0.01). And the changes in z—VAD-FMK+Nec-1 group were the most significant. In addition, the 72 h
mortality significantly reduced (P<0.05). Conclusion: The z—VAD-FMK, Nec—-1 and z—VAD-FMK+Nec-1 can significantly reduce the
organ damage of rats with MODS, and combining z-VAD-FMK and Nec—1 can bring marked results.
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BiGEAn AT S dE S TR SE . 2-VAD-
FMK 2 —F0 AN TG ) 351 e 22 1 ( caspase )
PR, 70Dk 25 7 AT A0 4 AR A T TR A
it RBEE RS RY O R AT
AR (H R A X 4 IEAE T AL B AW ST, Degterev
GO T —FP AR MR SE AT, s oA 44k
FEFFPELRBE (necroptosis ) o [R]E i i 156 T —FhRENS
PO FPAEIR T AR P A AT T BN T
Nec—1(necrostatin—-1)., Nec—1 RJ3@ 314 RIP1(5Z
PRAH EAEFHER FIRG 1) BB , DA I A AR FHRL, AR
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1HYT MODS KA B8, T WECHIBY TR .
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1.1 E2&XA DMSO (ZHIETMK) W HEE
Amresco 2 F) ,Nec -1 Wy B 3£ E ENZO A 7] ,z-
VAD-FMK 4 [ ¥+ Bachem 723 #) , TNF-o \IL-18
% B ¥ Biovalue 22T o

1.2 F=¥sHl JETHEE SD KR 120 H L AT
(250+20)g, W [ N ML ZE 22 R 2F Rl 24 B
SRS ATIES SCXK-(4)2007-004 1, K
LIRS E 12 h, A HOK . # 80 HAEM: SD K
BUBEHL2r N 4 4H :2-VAD-FMK 4 Nec—1 4 .z—
VAD-FMK+Nec—1 41 f&AIZ , B340 20 H 0058 72 h
W= 40 HfErE SD K RIF R 5 418
F AR 2-VAD-FMK 4 .Nec—1 41 .z-VAD-FMK+
Nec—1 41 BRI, F341 8 1, 05 TS NE R A
AR KE 24 h AR IS AU il B2,

1.3 Sk ARLERHERMEIRTE-NER
“TUATHR 7 R EL MODS BRI K PR
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FE, ZEMM 5 B ik A e 2 R B (R
R R 2 2 B A A 2 4R ) Wl ol . ., JRe
ok T A8 ] I B A SR e, TR DK SR
(500 U/kg) &, 10 min PN F S22 ~F-34 50 ik
JEF% % 30 mmHg, FF4ERFTE 30~40 mmHg 2 [1],90
min J5 JFEEBARE I 76 30 min P A DK (914 42
BRR ALY M09 B 2 AEARAS IR, ful 1 Hs 42 7 30 5 i i
1) 97%LA 1R 3831 o S 75 30 min S5 I SN
FEQ2 mgke). RFHHTE, GILNE &5V
Fo AR A TRRIE 53 25 104 A5 10 A LA
K s T B AR AR AR A FHER K . 2~ VAD-FMK 4 : #4

#4%5+2-VAD-FMK(z-VAD-FMK ¥% T DMSO 1, T
B IRHT S min BEIKE 245 3 me/kg) o Nec—1 41 : il
#1145 +Nec—1(Nec—1 & T DMSO H, TE7HI 5 min
k2R 25 1 mg/kg) o z—=VAD-FMK+Nec—1 4 : $5i7
Hill % +2-VAD-FMK+Nec—1(z-VAD-FMK # Nec—1%}
HAET DMSO H, FREIRAT 5 min BEEHIKZZY ,2-VAD-
FMK:3 mg/kg,Nec—1:1 mg/kg), FEAIL . ARIHI%
(SRR 5 min B IKZS T4 R0 DMSO 510D

1.4 dikFafF A LR E TS N
RAEFER KIS 24 h JH 109%7K & SRR K L, i
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JURE R R ELISA 2808 & Ul i THR A

1.5.4 1 mL i <EHIE FE SR, R <o Bl
D Bl ok i 48055 e o
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1.6 %t A3 R SPSS17.0 48 itk kT4t
AR R ORI xas 8, 2240 A] HLRER FH 2R
K2 H 2701 (One—=Way ANOVA ), J7 2550}, 4 [A]
ZH WWBCRH LSD—t K5 ; )7 25 AN 55 B, 4 A 2
R ] Tamhane’s T2 K056 FLAH 350 (%)3%
N, TPEUFRER A X2 KEBR, P<0.05 h2ZERA ST
2 H#R

21 KALTHegs HEIRAH K, 2-VAD-
FMK #H \Nec-1 244 & z—VAD-FMK+Nec-1 21 72 h
TR F AR (P<0.05) ; B A W 2-VAD-FMK
J Nec—1 B3 BAHN ] 2~VAD-FMK Nec-1 JET=
AP AAHZE R TG E L (R 1),

F1 SEXRETEMLR

Tab1 The comparison of rat mortality in each group

il n Wi/ R AR FET R %
2~VAD-FMK #H 20 7 13 35.00%
Nee—1 21 20 7 13 35.00%
2=VAD-FMK+Nec-1 21 20 3 17 17.64*
FEAIZH 20 14 6 70.00

S RERIZH LA - 7 P<0.05, * P<0.01
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I35 ALT AST ¥ B i 2 T (P<0.01) , Bk 53 &
(Pa0,) B F R (P<0.01); SHEAIL L4, 2-VAD-
FMK 21 \Nec—1 £ %% z—VAD-FMK+Nec—1 4 i . iili
it 47 B 5 203 (P<0.01 ) ; T4 i z—-VAD-
FMK J Nec-1 #0200 T 504 i H] z-VAD-
FMK .Nec-1(P<0.05,% 2).

R2 BEXRAFERHIEDBEHEL (rxs)

Tab2 The changes of liver and lung function of rats(xxs)

i ALT/(U/L) AST/(U/L)  PaO/(mmHg)
BFARA 62.72+9.23 250.15+24.67 92.21+7.68
2~=VAD-FMK 21 153.78+10.83" 685.47+23.98" 59.36+5.27"4

Nec—1 20 151.11211.14"  672.13+43.29" 63.76+6.14*
2-VAD-FMK+Nec-1 41137.58+10.79" 548.83+25.01" 71.01x4.94"
AR 191.27+18.46% 948.79+42.92* 42.15+6.05*

H5BF AR A& ,#P<0.01; 58 B 4 P00l 5
2=VAD-FMK+Nec—1 20 HLAZ, 2 P<0.05,4P<0.01

23 fik EMEATF INF-a IL-18 ¥ T S5KRF
AL, BRI PR+ TNF-a IL-18 7K
V-5 3 T (P<0.01) ; R LA, B i ] z—
VAD -FMK \Nec -1 S Bk & 1. H z-VAD -FMK }
Nec—1 AT BH g BEAI L35 287 1 7KF- (P<0.01);
M4 z=VAD-FMK } Nec—1 Ifil 75 & M K+
ACE R, ROk BTN H 2-VAD-
FMK .Nec-1(P<0.05,% 3).

2.4 KK FIF A s R FIE. R

BEAH

z-VAD-FMIcH]

B 1 SHEKRAF. B FALREZHT(HEX200)

#3 SHEAXRMBREEF TNF-o JL-18 BIRIE(xxs)
Tab 3 Expression of TNF-a and IL-1p in the serum of rats(x=s )

4l TNF-o/( pg/mL) IL-1B/(pg/mL)
RFARA 30.69+7.28 1.36+0.27
2~VAD-FMK 4 70.71£7.854 2.87+0.16"
Nec—1 25 64.83+6.13 2.630.31%
2=VAD-FMK+Nec—1 41 55.68+5.60" 2.27+0.21"
R 93.07+8.49% 3.75+0.39*

SBFRALE ,#P< 0.01; 5EAIZH LLEL L *P<0.01; 5 2-VAD-
FMK+Nec-1 41 Fb 45, 2P<0.05,4P< 0.01
TFRF ARG I B SE  BEAYAH WOR PSR B
gk TR /N SR ZE L AR A28 PR AL
z—VAD-FMK 2 .Nec-1 2 .z—VAD-FMK+Nec-1 ZH
JFEY SRR A, A A IRFE D, L 2-
VAD-FMK+Nec—1 25 B Mt o il - 645
TRTF AR AL 5 B ZH R I i 2 A B
R iy B G JEE Ml 5 7 o L K R PR ML R
18 ;2—VAD-FMK #H .Nec—1 4H .z-VAD-FMK+Nec—1
2 i 32 FE AR B I ) B 728 001 S 8 1 A4 e 32 1 e o
W, PL 2—=VAD-FMK+Nec—1 2095 Bk 2 J i .
i - BT AR AR DL I s R R I A B 4G
F R AR IR 585045 6 TR 40 i s 2 e AR 1
WL, K R MEANEIRIE ;2-VAD-FMK 4 .Nec-1
24 ,2-VAD-FMK+Nec-1 4UASBLEAREIR 24l
b v i R R U A RS A AR T IR BRI L 2
VAD-FMK+Nec—1 4B Fy iz (B 1),

Mec-1£H

Fig 1 Pathological changes in the liver, lung and intestine tissue of rats(HEx200)
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FELOBT T 4B AR T, % g B AR B R EH . A oes
L, # Ik 5F 2-VAD-FMK J& , AT F&A% 72 h SE
T3, ARG 2 R 7K, s I B it A g
Be, W il i 2 2 s Bl AR

TP PESRFE 5 8 1202 H B8 T2 32 1R A 5 1 T
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LRARE A EER C, WM& i RIPI/RIP3 /1Y
—ZRINATFIE SRR . dITE caspase T M
MR e & BT TG DU 28 SRR P PEIR
Bo  Nec—1 fENFEFPERFLAYRE SN HIF, 7T 38
] RIP1I-RIP3 S-S R9IE L, ] RIPT 415
AR PEIRBEY, C AR, Nec—1 REMEIRIF 0
JULABE 0L PR 3 349517, T3] sy S 0 ] 08 Do) B %) ke .
P 40 O SRR I 58 25 5 | A 1) Y RSz 2 A A T
BB, T IRSEAE R AR e - N B 2R kAT
i R P A R B AR, TR R R SRS
SEVRFE I EEZEA N 53, ST Nece—1 X2 it
HIE-NEER “ AT "BOR B MODS 1 #3 B /27
R E BAEEE L RFRE R YN,
Jik&h T/l Nec—1, ATLABTRFEAL 72 h FET-3,
REAR LI RVE R A, e I B Be , vk
BN il S AU e R AR

—BEENL T L 24 caspase IGPEBANE] , 40 A BE
RAFT G T SR B r e, BErda
WFFE R e —LE A N JH 172 5 AT PRI SR R A7

SRR, WG BLWTAn AE T B M AR5 i i, 2
2 B A IR I ROR 7 AR 2 2230
MODS Ui H] 2~VAD-FMK (3R I, B4k
I FH Nee—1o 2524 b /s 78 B IR I5 2 4 9 7 TNF-
o JL-1B BRI B2 e Eh RE , D i 2
BB B AR 7 TG S RCR ST Y, O T B ]
z-VAD-FMK ¥, Nec—1,
g5 Bk JATRI B TR SE T R IR B 0 ]
caspase I 1fill 71 #0172 J57 11 I1 B0 45 S5 410 4] 590
MODS K flas B HAT W A ORI VERT, Sdas il 40
WIFET A5 538 i ] BE R A H B A Ik R S,y S 2%
MODS (1) % Az Je e i B 4 0 4 AH 3 10 S ek X e
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