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Abstract

AIM: To investigate whether edaravone has pro-
tective effects against acute necrotizing pancre-
atitis (ANP) in rats and to explore the possible
mechanisms involved.

METHODS: Ninety male Spraque-Dawley rats
were randomly and equally divided into sham
operation group, ANP group and edaravone
treatment group (EDA group). ANP was in-
duced in rats of the ANP and EDA groups by
retrograde injection of 1.5% deoxycholate. The
EDA group was injected with edaravone (6
mg/kg) via the tail vein immediately after ANP
induction. The rats were sacrificed 6, 12, and
24 h after the operation. Pathological changes

in the pancreas were observed and graded. Se-
rum levels of amylase, tumor necrosis factor-
alpha (TNF-a), endothelin-1 (ET-1) and soluble
intercellular adhesion molecule-1 (sICAM-1), as
well as malonic dialdehyde (MDA) content and
superoxide dismutase (T-SOD) activity in pan-
creatic tissue were measured.

RESULTS: Compared to the sham operation
group, pancreatic pathological scores, serum
levels of amylase, TNF-a, ET-1 and sICAM-1,
and the contents of MDA in pancreatic tissue
were significantly increased, and T-SOD activity
in pancreatic tissue was significantly decreased
in the ANP group. Compared to the ANP group,
pancreatic pathological scores, serum levels
of TNF-a (6 h: 109.6 ng/L + 49.0 ng/L vs 190.2
ng/L +46.6 ng/L, 12 h: 4054 ng/L £116.3 ng/L
vs 559.7 ng/L + 203.9 ng/L, 24 h: 4154 ng/L *
164.6 ng/L vs 648.7 ng/L + 222.1 ng/L, all P <
0.05), ET-1 (6 h: 45.6 ng/L * 13.5 ng/L vs 66.0
ng/L £ 16.0 ng/L, 12 h: 83.5 ng/L £ 154 ng/L
vs 96.8 ng/L £ 23.0 ng/L, 24 h: 85.1 ng/L + 25.8
ng/L vs 103.9 ng/L + 28.9 ng/L, all P < 0.05),
and sICAM-1 (6 h: 0.58 ng/L + 0.13 ng/L vs 0.78
ng/L £ 0.14 ng/L, 12 h: 0.78 ng/L £+ 0.10 ng/L
v5 094 ng/L + 012 ng/L, 24 h: 0.96 ng/L + 0.16
ng/Lvs124ng/L +0.30 ng/L, all P <0.05), and
the contents of MDA in pancreatic tissue (6 h:
4.22 nmol/mg prot = 0.40 nmol/mg prot vs 8.79
nmol/mg prot + 0.80 nmol/mg prot, 12 h: 5.90
nmol/mg prot + 0.51 nmol/mg prot vs 12.30
nmol/mg prot £ 1.02 nmol/mg prot, 24 h: 9.10
nmol/mg prot + 0.84 nmol/mg prot vs 17.88
nmol/mg prot * 1.43 nmol/mg prot, all P < 0.05)
were reduced, and T-SOD activity was increased
(6 h: 88.6 U/mg prot £ 7.1 U/mg prot vs 68.8 U/
mg prot £ 10.5 U/mg prot, 12 h: 77.6 U/mg prot
% 6.8 U/mg prot vs 46.0 U/mg prot + 8.9 U/mg
prot, 24 h: 45.5 U/mg prott 5.3 U/mg prot vs
27.8 U/mg prot = 4.3 U/mg prot, all P < 0.05) in
the EDA group. No significant differences were
observed in serum levels of amylase between the
ANP and EDA groups.

CONCLUSION: Edaravone can eliminate the
excessive generation of oxygen free radicals,

down-regulate the expression of inflammatory

www.wjgnet.com



K], F. OAIZEN KBS RS RIRSSBURIPER 1285
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BEY: #ot A WA R AR A KR &
PSR FE MR S £R 4P A I R AL

Fik: 902 8 SDRX A5 AR F K4
(SHAM#L), 3RFEMEMAR K ZA(ANPLR)., fRik
AT M(EDAL), #8302, SHAMAL A
TG RE&0sh+ =38 R RAR )G <M, ANP4L
MR R 35 AT 4R 1. 5%BL AR BR sh ) & Lotk
FAEMEMAE AR EDAZL AANPEAE S 5
PP B RIE SR A 4256 mg/kg). 57 T ARG
6. 12, 24 ha s XK R (FABET0R), WA
BB E T &S BE IR 4 ] e i R B
TNF-a. ET-1. sICAM-14-%; # 0 MR 20
LA A B (MDA) S & & S AR B B AL
(T-SOD)#& 77.

5. 5ANPZAILE, EDAW T 4 e AR IR 22
A E . fETNF-a/K-F(6 h: 109.6 ng/L+49.0
ng/L vs 190.2 ng/L+46.6 ng/L, 12 h: 405.4 ng/
L£116.3 ng/L vs 559.7 ng/L.£203.9 ng/L, 24 h:
415.4 ng/L+164.6 ng/L vs 648.7 ng/L+222.1
ng/L, 3 P<0.05). fFET-17K-F(6 h: 45.6 ng/L
+13.5 ng/L vs 66.0 ng/L+16.0 ng/L, 12 h: 83.5
ng/LE15.4 ng/L vs 96.8 ng/L£23.0 ng/L, 24
h: 85.1 ng/L%25.8 ng/L vs 103.9 ng/L+28.9
ng/L), f7FsICAM-17K-F(6 h: 0.58 ng/L+0.13
ng/L vs 0.78 ng/L+0.14 ng/L, 12 h: 0.78 ng/L
£0.10 ng/L vs 0.94 ng/L0.12 ng/L, 24 h: 0.96
ng/L£0.16 ng/L vs 1.24 ng/L+0.30 ng/L, )
P<0.05). MAIFLLLMDA4S % (6 h: 4.22 nmol/
mg prot+0.40 nmol/mg prot vs 8.79 nmol/mg
prot30.80 nmol/mg prot, 12 h: 5.90 nmol/mg
prot£0.51 nmol/mg prot vs 12.30 nmol/mg prot
& 1.02 nmol/mg prot, 24 h: 9.10 nmol/mg prot
+0.84 nmol/mg prot vs17.88 nmol/mg prot
+1.43 nmol/mg prot)¥ A & RAZE B 32(39
P<0.05), T-SOD7& /1 ¥ 3%(6 h: 88.6 U/mg prot
+7.1 U/mg prot vs 68.8 U/mg prot£10.5 U/
mg prot, 12 h: 77.6 U/mg prot+6.8 U/mg prot
vs 46.0 U/mg prot£=8.9 U/mg prot, 24 h: 45.5
U/mg prot+5.3 U/mg prot vs 27.8 U/mg prot
+4.3 U/mg prot, 3P<0.05); 4B T AL
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T 2R % (severe acute pancreatitis, SAP)
R, AR, AT B B RE O £
£ fiE(systemic inflammatory response syndrome,
SIRS)HIZ 2% H D ek 3 25 & ik (multiple organ
dysfunction syndrome, MODS), AL T % 5k
16%-50%"". K HE B TR MILES AP R i
Firp, RAYER 7 A B IR R GR A
SRIVER]. PRIk, #HI2EN T 4 H HHE(oxy-
gen free radicals, OFRs) iz 5 RE Al Ay BEL1 [ 5%
i JBR I % Ie) R SR R R R I T B KA
7 %% (edaravone, EDA)Z— P Al 1) H & BR
HFIHTEAGF, im RBIF IR S th AT ok 428 5 17 3
T v T 4 T R A5, A R R A A
H T N R JEAE SO LR B B v A
B IR, AU IE I ED AT HUA SR
HENE IR 28 K A, MEEILAES AP HIAE I,
hy Ll R N F S AR 3.

1 #RRT5E

1.1 A 90 i Wi g & SDK IR, 1A 300 g+
20 g, M ETPEERRERZE LR S O, K BE
B IR T RA(SHAMA) . SRAE1E B 28 20
(ANP41). ANP+EDAVRIT 4L, H4130.

12 7%

1.2.1 EREAFAKRSE: KERARW12 h2EE, A
2K RH10%7K G % B (0.3 mL/100 g)Ig i i
SRR, SHAMA 5 5 R B2l -+ =48 1 S
WG RNE. ANPALH EIEIER YOG, W=
5 W P 00 5 380 19 IR T 11, A5 T O] iz 4 55
F—/NL, H24 5 5k B &5 RAT A NFLIEA
s, WLk RN IR, [R] ik H JE 453 i
T I N IAE T TR NG R G EE, 421 mL/kg

e A&k, &AL
P K ERRL
KR4k %a ik
KF, —HACRHY
A, miA T,
LIRS F i AR
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1 BEKXFEERALLRES N DEZMET). A: SHAMZH24 hERRZAZ1)F; B: ANPZH24 hEERRZHZU)FT; C: EDAZH24 h

JRARALRLI .
& 1 SARIRALRIBESHESD (mean +SD, 7 = 10)
D4R 6h 12h 24 h
SHAMZH 1.90+0.74 1.70£0.67 1.80+0.79
ANPAH 6.50 +1.08° 10.80+1.93° 11.30+1.57°
EDA%H  5.30+0.95* 9.20+1.32" 10.30 +1.34™

WATHEN.5% WA B AW, 1 minid 4 5¢
Yo e SR I YERES min, kSR, B2
TF LA e, iff DA s TG 30 1 i 5 6% 45 i B
K ERE. EDAZL R #4 ANP G 3L Bl PED A 4
(P o A 2T B A WD) 6 mg/k g ik v
St BR N S, ATRIG 6. 124 24 i
A M0 KR BUEAT S8, R i i KOt Ak 4E
KB, BEUT ik Im4-5 mLARAE. BUR ik
ifit, 4 °C 3000 r/min.0r10 min, 43 &5 L5 A7
T°-20 CEHL; BYIUE > AR ZH 2340 /L2 B
LA 2, AT A, D) MHES G, T aBim
SO LU B AR IR B R 4 2 N\ vk A 2R
ER K S 2759 5 R TR e e A A 42 5 AL il
(total-superoxide dismutase, T-SOD)i% /1 FlA —
J#%(malondialdehyde, MDA)& &

1.2.2 AR F & BRI %5 R
PP bRUE S K usske 25U hrvE. 42 i K i

Wi YRFE R b R g iR i 430, K ik 8
A (04 ) s AN TR PE A B (143) /i) 5
BRI DHZ ARG ANy
B (473); thif: Joe AR (07r) S5 HY i i AN
<25%(143)~ S H I TR A 25%-50%(2493) «

S LT AR A 51%-70%(373) 4/ INHH4) B (4
a5 WA kA (040) T4 A IR IE<5%(1
I MEPEIRAE5%-20%(255) DRIBPE SRR A
21%-50%(3753)~ = HE /P& R>50%(44)); K
R LA 05) SRR A1), %
JRN<50%(247)~ SEJRNS51%-75%(35) TERk
JHE IR (453).

1.2.3 f %R #H 8 (AMS). TNF-a. ET-1&sl-
CAM-1RZ: K4 | ) A4k 23 SOk ) if v
TERE; S FH T - G 88 XU AR S a0y 0 5 ML 375
TNF-a. ET-1. sICAM-1% 4t
1.2.4 MARZLLRT-SODE /1. MDAAE M % I
B A0 1 MR A S L RS 0%, R A S AL Tl
ERIIT-SODYE 71, AR L HE Z FRyEL I e MD A
RS B e R TR, 4
B AR S8 At 4 BB P AT

Bt KPR SPSS13.040 27 B 6f S 1)
P B AT G vt 7 o b, B4 E i Hlmean £
SD IR, AR FH BN 2T 2501, LAP<0.05%4
AR L.

2 BR

2.1 AR RILF T AL SHAMZL K B
TCRA, N AT 2 PR T 5385, e iRifu b
P SERE, A0 WK M al /b & 2 VR4 . ANP,
ED AZH A WA [ 2 J3E afi 1 1w € i K, e i o
U, 5 2D B B, R T WL IR,
BN RN PEIRGE, TR ST, [a)TAA R
SR 4 R B A SR kb P R I, 5 S ANP I 2R
MAs. ANPAL K ED AL B BEVP 4 835w T
SHAM4, EDAZ LB ANPLEE(P<0.05, K1,
K.

2.2 diF i EE. TNF-a. ET-1&sICAM-1
KF# T AL ANP. EDAZ &I I i iE #
fitf . TNF-ofsICAM-14HBSHAMA i 3 Tt
(P<0.01); I AMSYEANPA] SEDAYL [A]— i £
) 22 573 G 2 7 EDAZLS I s 5 ANPAL ] —
I 5 L8, TNF-aon ET-1 K SICAM-17K -0 g 2%
F#{K(P<0.058%0.01, %2).

2.3 MARLLLRT-SOD. MDA & ANPALIE 5
I L T-SODIE /1A SHAMA W % K [4(P<0.01),
EDAZIT-SODIF /) % i 15 T ANPZL(P<0.015%,
P<0.05), {BK T SHAM#!. MDA 75 5 ANPZH % fif
FEFE R TSHAMA! LEDAZ(P<0.01), EDA4]
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A 160 . —-SHAM B 20 —-SHAM EZRZE
140 | —a-ANP 18 —m—ANP ED’AFJ—V/{@?&?{]
¢ — ¢ @ —AFEDA 16 Fp ) Ak A RE Rt
5120 ¢ = A-EDA R E ., K
S 100 g1y B0 R AR,
g o 12 1R 4 ALK 4 A
S 80t w0l A, A EF
a g g M A% & A SAPAE
8 60} £ 8r KR T4 AR,
F 40 | < 6 5,42 MM % 7 AR
g 4l t, RA—
20 1 2L . FEMA.
0 0 ‘ ‘
6 12 24 6 12 24
t/h th

B 2 BARRAOT-SODEMFIMDAZEIRL. A: T-SODIEE; B: MDAS&E.

paxi:) Btsx  AMS(U/L) TNF-a(ng/L) ET-1ng/Ll  sICAM-1(ng/L)
SHAMZH 6 1556+210 68.8+39.2  31.0+7.8 0.36+0.04
12 1554 +224 57.6+37.8  299+7.0 0.38+0.06
24 1609 + 363 66.5+39.7  32.1+10.2 0.40+0.07
ANP£E 6 3899+1020° 190.2+46.6° 66.0+£16.0° 0.78+0.14°
12 5841+1508° 559.7+203.9° 96.8+23.0° 0.94+0.12°
24  5770+1706° 648.7+222.1° 103.9+289° 1.24+0.30°
EDAZH 6 3822+1071° 109.6+49.0™ 456+135" 0.58+0.13"
12 4660+1304° 405.4+116.3° 83.5+154" 0.78+0.10"
24  4415+1366° 415.4+164.6™ 85.1+25.8 0.96+0.16"

°P<0.05, °P<0.01 vs SHAMZEF—BY5Y; °P<0.05, °P<0.01 vs ANPHF—FT .

4R B¥s2  T-SOD(U/mg prot) MDA(nmol/mg prot)
SHAMZH 6 131.0+17.1 2.75+0.48
12 128.0+16.8 1.88+0.37
24 127.7+17.0 2.12+0.42
ANPZH 6 68.8+10.5 8.79+1.70°
12 46.0+8.9° 12.30 +2.02°
24 27.8+4.3° 17.88£2.43°
EDAZH 6 88.6+7.1° 4.22 +0.95°
12 77.6 +6.8™ 5.90 + 1.02™
24 455+53 9.10 + 1.564*

P<0.05, °P<0.01 vs SHAMZEE—IT5R; P<0.05, °P<0.01 vs
ANPHG Y.

6 h5 SHAMA LU Al — I i 22 S o #5412 h
K24 h4 T SHAMZ (P<0.05, 33, [K12).
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OF R BT 451 55 T 40 10 9 B 40 i, B4 hn B 4m
I BN, IR RICAM-1T S 1 A4
- PN R A M AH EAE AT 5 A R R A0 A R,
P AR R, OF Ry 25 Al gk
PR AT 2 S S50 M5 55 o . 1y 7 R 3,

TE—SE P RS0 (1 S s Al v, AiF s
TEDARR TP A L A i, &2 57
RAE N FE A 8 B KT, — A E
PR, AN T AN MR AT A I R AT
WG], ED AR LUAT R4 44 IR i 4
TR, 98048 A L AR B, AR LA DT AL
BE A7, IR B2 FRARS AP A 1k IR 7 i A 1k, vk
BRI, AT IPLRAE .

ARSI 58 o BT SR P O 4 R 0 308 A T 4 N Jl
R, Th2% DR AENE DR AR A AR, g 2 45 W 7 ik
IR 2L 2P L 6 6 0 L SR A 5[] 2 R BT S5 4K A
PEBIR 2RISR, 7EBAT LR, EDARYY
ZH TR AR BE D43 5 AN PAL T 25 [F%AIK.(P<0.05), i
R oW 52 2 E D AZH IR 1) P PR 40 A 1 ¥
T O S ks>, B IR 477 R FEE B ANPZELAT T .

TNF-ofESAPH IR HLEITE L3015, W]
PEARIL-1. TL-6+ TL-8%5H Al 4 i P51 1 7= A=,
SUREB RO “MRATRN ", B4 5 &
i SN R A1 2845122 S AP 2 it . G
S IEYLSR DRI ZE T B0 B i 7, ET-1 K5
FIARIFRRON ML, 5 BB RO RS 2R, 1
NG KOO T R R I AR AR M R ot
FEVERY. SICAM-1T] A 5 (1 40 i 5 1 5 P B2 4 i
(1080 PR A 10 400 2 R O A R DT X PRl 4 2R
(1) 9 I S N J 5 5 ke T BEAE . BRATT I e
HIANPZHIMIETNF-av ET-1. sICAM-17E 15
6 hJi 338 R 2 = TR A IR AL, JF HLBE I [R]
FE K R AR S R KO R IE, UL R M
DR 7 e FERE T PN B2 T e R Ak 5 U U
BEHS S FA- N e A EAE & 5 T
ANPHIRIEIEFE, (5 AT TR R I TNF-ou
ET-1. sICAM-17E R 58 1 A0 ke s 224 A,
5 TR R 4% 11 71 R S DA 20 FRATT I s
MEEFEDAVGI T AMIEET-1. SICAM &35 FEAIL,
YLHHED AR U L5 P K2 D e A2 SRS, ke
JRERR A BRIt . BRAEURERE. X5 AN BT T 4 R

SR RGP P TNF-0 8, IX7E — e FL e
I T ST R N, kb T R AR
L BERE I BUR IR0, (2)FT 21 IR 3R12(PGI2)
e ML FA TR, TN TE B 1
S A s, ORI RS e A, BT 1 A ) 41
2 P R B0 BB R 3 495 . TTTE D A nT LU i 471
I t7/D5ge oo A NTE AN IRANY TP 32 S
PUET- VSCHR LA, 9902 T IR IR A0 B 5 A
(3)ED AT LARFARE B 2 T (I8, ks> 11 40
(14 R0 B SR AR S, T 9 4L 23452473

SODJE HATTHEBROFRSIIfE () — Pl Al %}
P15 PHIWTOF Rs X 41 Jf it e i) 4 55, JF B & 5
AN, 185 OFRsi 140 473 5, SODiE /)
A SN T HUATE BROFRsHIAE 7). MDA,
H L S0 AR YIS 1 2 AN LR TR DT R, 51K
JIg ok S A A F (AR = 4, LB SO T AL
PP T S A B RS . Tl SOD 5 MDA
1 45 573 B AT | B HLAR 2 O F R s it (1 ) A%
FE. FRATHI 925 45 R BoRANPAIMD A K5
SHAM41 3% 715, SODIE J) B3 T %, MEDA
WRIT ALAE R A e EMD A% i 3 PRAIE,
T-SODi J7 W] W3 5 (P<0.05), i WIEDAYE St
IRBEAE IR 5 v R W S 98/ S A R SE R 7R
FEmPAE B B R RE

EDAfE N —Fi#i B4 14 B i FE3E BR A, 78
R BRI B R R 98 B b ] 5 R D B S A
3L, $EmEBUAALRE T, [ BRAGAE 5 R 17K,
Xof JE IR R DR AT AT 22 3501k
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