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Rt BETARERZSH, TE £4F 454000

WE:BH  SPTRIARZE X KGEE S H 4 (AQP4) JKGEIE A 9(AQPY) FIK M FLIA , IR IAFIZ X O BRIT (CA) K ELL
WP ERIBLE . ik BEEL 96 KR SD KR, 44 FoR FIBENUA 7305 0 M T AR AL (28 ) MGk PrZe 20 (34 ) A=k
KA (34 B AR hiZe 24 o b 3R K A5 S ST CA BB BAUE ST 5 min J5 FFUREFAT O E 757 (CPR) , 7 H BRI IR E )5,
HEHZE A 3 BV K 5T 3 mg/ mL AKGE A, A= SR K 41 45 T SRR A 3R OK B F AR5 CA BETRY, AaEAT 8l | ik
ERAENE . SN =0 R B RIS 125 1 h JJEE505 10, RRB R BN B S RBR A, A B M 5%, 45
T HEMEAKE G 12.24 48 72 h LFE R, il e =200 LA iB A AL i AL (SOD) (N % (MDA ) 7KF- Sl i s T
NRZEAS ) B[] 00 L B2 AR Ak 00 2 B 2 20 B 7K i, 2R R SR 08 S 1 2R i =X s W ( RT-PCR) A fiki 41 48 AQP4 L AQP9
mRNA K, R =4 REUATE SE¥ IR kIR i R KO RS IR S HOL R, 22 R G #E L (P >0.05) ;
12.24 48 72 h LbBE KRB, BFAR AL L4148 SOD K01 s TR A hr 2 2 AR KA, Z R A S E L (P <0.05),
MDA 7KW AR TR A 2 S A AR K ZH (P < 0. 05) s fRishi A2 12 .24 48 72 h .0 LA 2 SOD K433l Ry [ (76. 54 +
9.03) ,(66.53 £8.25) . (57.21 +7.82) . (67.02 +8.47) U/mg | ¥ i i F A BHER KL (P <0.05) , 4Kk HiZe 4 12 .24 48 72 h
DL MDA K[ (11.36 £1.15) ((18.29 £2.96) . (23.07 +2.37) .(20. 83 = 1. 82) nmol/mg | B BAIL T4 BEb K41 (P <
0. 05) 545 Hif [] 5 24 BHER /K 400 JILG B 458 4 Rt 2 8 TR P AR 20512 .24 (48 72 h AhSE R B, MR GA 2= 20 i 1 40 35 K i
[(74.36 £7.41) (74.51 £7.31) (75.32 £7.25) (74.23 +7.14) % | I BAR T A= B EE K 2 (P < 0. 05) , fK ki Z= 4 AQP4
ACEA 0 (121 £0.11) ((1.13 £0.12) . (0.87 £0.10) . (0.79 0. 11) 1 B AKX T A B Eh K 41 (P <0.05) s K ik F2 41
AQP9 mRNA 7K 435141 (0. 82 £0.14) (0.70 £0. 11) . (0.62 £0.12) . (0.50 0. 11) ] 8] BAL TAEFIEL K ZH (P <0.05)
it MR HIE s CA KR CPR .U, T iE i R 98 AQP4 [ AQPY Feihjdi i K BRIk I

KW AR OIS KEEEA4; KEEHEA9; AW, TWIE; KK, Sprague-Dawley; .0
JIRES i

Effect of edaravone on myocardial protective and aquaporin 4

and aquaporin 9 in rats with cardiac arrest
LI Li
Author Affiliation ; Department of Emergency , The People’s Hospital of Jiaozuo City , Jiaozuo ,Henan 454000, China

Abstract : Objective To analyze the effects of edaravone on the expression of aquaporin 4 ( AQP4) and aquaporin 9 (AQP9) ,and to
explore the mechanism of edaravone on myocardium protective in rats with cardiac arrest (CA). Methods Ninety-six healthy SD rats
were selected and randomly assigned into sham operation group (28 cases) ,edaravone group (34 cases) ,and saline group (34 cases).
Edaravone group and saline group were induced to establish CA models,and cardiopulmonary resuscitation (CPR) was started at 5 mi-
nutes after the establishment of the model, after the recovery of autonomic circulation, the edaravone group was injected with 3mg/mL
edaravone intravenously immediately, the saline group was given the same volume of saline ,the sham operation group did not induce CA
model ,but only underwent arterial catheterization, venous catheterization, and tracheal intubation. The electrocardiogram and hemody-

namics were continuously monitored in three groups, after 1 hour, the wound was sutured, and the intubation was pulled out after the
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model rats awakened,and the rats were put into the cage for routine feeding. The rats were sacrificed at 12,24 ,48 ;and 72 hours after
the recovery of autonomic circulation , the levels of superoxide dismutase (SOD) and malondialdehyde (MDA) in myocardium of three
groups were measured ,the myocardial pathological changes at different time points were observed under optical microscope, and water
content in brain tissues was measured ,real-time fluorescence quantitative polymerase chain reaction (RT-PCR) was used to detect the
levels of AQP4 and AQP9 in brain tissues. Results There were no significant differences in basic parameters such as body mass, mean
arterial pressure,diastolic pressure,systolic pressure,and heart rate among the three groups (all P > 0.05) ;the rats were killed at 12
h,24 h,48 h,and 72 h,the level of SOD in myocardial tissues in sham-operated group was significantly higher than that in edaravone
group and saline group (P <0.05) ,MDA level was significantly lower than that in edaravone group and saline group (P <0.05) ;the
level of SOD in myocardial tissues of edaravone group at 12 h,24 h,48 h,and 72 h was (76.54 £9.03)U/mg, (66.53 +8.25)U/mg,
(57.21 +7.82)U/mg,and (67.02 +8.47) U/mg, respectively, which was significantly higher than that of saline group (P <0.05) ;the
level of MDA in myocardial tissues of edaravone group at 12 h,24 h,48 h,and 72 h was (11.36 = 1. 15)nmol/mg, (18.29 +2. 96) nmol/
mg, (23. 07 £2. 37 ) nmol/mg,and (20. 83 £ 1. 82 ) nmol/mg, respectively , which was significantly lower than that of saline group (P <
0.05) ;the degree of myocardial pathological injury in saline group was higher than that in edaravone group at each time point;the rats
were killed at 12 h,24 h,48 h,and 72 h,the water content in brain tissues of edaravone group was (74.36 £7.41)% ,(74.51 =
7.31)% ,(75.32 £7.25) % ,and (74.23 +7. 14 )% ,respectively, which was significantly lower than that in saline group (P <0.05);
AQP4 level in edaravone group was (1.21 £0.11),(1.13 £0.12),(0.87 £0.10) ,and (0.79 +0. 11) ,respectively, which was signifi-
cantly lower than that in saline group (P <0.05) ; AQP9 mRNA level in edaravone group was (0.82 £0.14),(0.70 £0.11),(0.62 =
0.12),(0.50 £0. 11) ,respectively,, which was significantly lower than that in saline group (P <0.05). Conclusion Edaravone can alle-

viate myocardial injury after CPR in CA rats,and reduce brain edema by down-regulating the expressions of AQP4 and AQP9.
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P IREAE (cardiac arrest, CA) IR i N
LY 5 TR 22—, 3 OO AR AE A CA
BUA R Bk % e S8 3 DL AR A 95 B 3 4 Ry
S IR DX, A T 3R R Y B AR
M A . DB SR (CPR) I RIAYT CA %
BEPER RS AE , (H H AT R CA &2 95 s 2l R AR
ik, ARERE CA i NI IR )%, i N A A7
I T 2 I PR A3 AR5 fige e 1) DG B ), AR F 5 R
JHMCIAHIZE T CPR 5 CA BIRLK B, B R 474K
J BRI A

AME TR 1 B ] O 2014 4F 1 H & 2016 4
2 J,

1 #MRE5EFZ*

L1 Zh¥sRiRE 96 Hf#EE SD KR, iA 5 &
220 ~260 g,y Tt e BB A BRA F
1.2 FEHMBEME  KIEHIZ T 5 (5L 30
mg, 427445 : 20140509 ) , W T 94 2 A1) i 25 4 BR
TR ALC-V9 S RF IR AL, I8 T L 5t 3% %45 R
FHEA PR 7] BL-A20F A YIHLAE S50 R 48, I Tk
2 BARHEA R 7 5 A AL B AL T (superoxide
dismutase , SOD ) i& 7 ;. 79 — i ( malondialdehyde,
MDA) 55 & , W T VD FE A R A BR 23 ) 5 Te-
izol \DEPC | Jz %% 5% 7 & . SYBR PrimeScript RT-
PCR Kit, g T H 4% TaKaRa /A 5] ; DNA Marker, Il T
KM A b B8 A R A A5 Real-Time PCR Y

RN D)

Aquaporin 9;

Superoxide dismutase; Malondialdehyde; Rats, Sprague-

ABI7500, 1 -2 [&] ABI 2 W] 5 7K 1 4 1 4 (aqua-
porin 4,AQP4) (AQP9  B-action PCR 5|4, i g4
TAY TREABRA A .
1.3 Fik
1.3.1 BAE SR 5mA® KRR
TR R T AR (28 ) MR FLZ2H (34 1)) |
A BRERIK AL (34 f51]) ARIRHr 7 2 S AR BRER K 41 R H
TS 10% 7K G SATERR I I, U A 28 HE P Il
BL,3h #EkCE S, fF R sh h# R ER, &8
ER P AR L 5 5 CA, CA ERE Y 5 min
J5 T IR SE CPR 1 A FIE MRS , Ik hi 75 21
A7 BVER KA 5T 3 me/mL (KA R FE , AR B K A 45T
GRBUAEERK BT ARAANES CA B [T
B R IKCE S S S I = O
M S12% 1 h J5 48505 10, R HGA Hr % 20 Fi A 2
TR AP AT R BRI S A TR O AR A A T
RS

CA &R EI AR 1z - Sh Dk sl il 2%, O HAF 2
Bk <10 mmHg, . H, &1 578 J6 Bk P B 7% 2 sl
EWHE - FEL.

B8 PR 52 A 1 - O vl 1 S s IR A 4
PR TV A E B, S kR > 20
mmHg st 5 ming
1.3.2 MLR3ER 00T A B IRE R 12,24,
48 .72 b, WEL LA R A5 : (1) P 7E =20 R A ]



% # E 25 Anhui Medical and Pharmaceutical Journal

2019 Apr,23(4) - 689 -

FUDHLZHZIF SOD MDA 7K -, HLAA 3 1 7™ 4% 44 IR
PR AT AT (2) 67 BB T W =4
AN [T ) 0 LG B2 AR Ak s (3) DU = 4 AN [] Bsf
() ST K i, I 2 & K i = (i - i
TH) /IR E x 100% ; (4) R FHIL A PO0E R A
it X S, (RT-PCR ) A i) = 20 A [] Asf i) i 2 21
AQP4 AQP9 mRNA 7K.
1.3.3 RT-PCR #m AQP4 AQP9 mRNA K -F [
FIEAKE 5 12,24 48 72 h J5 ALK, R Tr-
izol AV HE U 2H 27 84 RNA |, 4 R 3 SR ) &
iAW AT S e s o U5 sk A5 3 1) cDNA AR
RT-PCR £l AQP4  AQP9 mRNA /K-F-Ayfif, &
THFH AQP4 AQP9 LI J N2 B-action 5| ¥ i I i
ETHEYTRARAFRA K. 5IWTFHEL,
S92 C AR PE 4 min; 92 C7AR1E 30 s,
56 CiRk 30 s,72 CHEf 60 s, FH 30 MF I
72 CHEAH 10 min, HUS5 wWLPCR F = ¥ iE 47 B¢
PEWESE B FEL Dk, ) FH 8 IS IS AN AT 4 AR o R
BAG AT L UK AR #E AT 53 A b B JS , DL AQP4
AQP9 mRNAYEE FE(H 5 B-action mRNA Y% FEH E
516 AQP4 (AQP9 mRNA AHXT & &, /4 x(: AQP4
AN 2 = (AQP4 mRNA ;%5 BE {f/ B-action mRNA
6% ) x 100% , AQP9 mRNA ¢ % J& i =

(AQP9 mRNA %% £ {H/ B-action mRNA Y% FE {H)
x100% ,

1.4 ZitERHE FNGTH2H 84T SPSS 19. 0
PRI TR x5 R, Z4 R
J7 25501, Z2 2 18] B B A AR SNK-g K36, DA
P <0.05 JERAGIHE L,

2 #R

2.1 ZHAAXRLETFEMSHILE =4 KREE
Fie SRR (& i SR R B R AR IR S
IR, W ER LG E X (P >0.05), Hikg;
B2,

2.2 =ZHXROAZELR SOD MDA K F Lt &
1224 48 72 h AbFE KB (BT AR L0 AL 4L SOD
K B G T AR A 2R Al AR AR KL (P <
0.05) , MDA 7K~F- B} AL T4k 47 2 2H Ko A= B R K
(P <0.05) MRikfiZFAONA L H SOD K-
W4 i TAE K 240 (P <0.05) , MDA 7K B i i
THEHEIKA (P <0.05) , 4554013 3,4,

2.3 ZAXBROMALRREBEESER H¥RM
B TR = A1 R BN [A] B ) 500 LA 200 OB 28
ALUL, 12 h AR BE KRR, M T AR 4K B0 LT 4 BB
B, HES )% 55, 40 BOA% % 5,15 57, 240 Mo 1) B 0 5,
PRI 5 T 4% €0 30 TR 5 R P 22 4l ] UL O LA 2R A7 HE

Fz1 AQP4 AQPY [ PNZ B-action 54T

FEH Em5IH(5'-3) S 51#(5'-3") PR E
AQP4 TTGGACCATCATAGGCGC GCATGTTGATCGACATTGACC 214 bp
AQP9Y CCAGCTGTGATTCCAAAACGGAC TCTAGTCATACTGAAGACAATACCTC 305 bp
B-action CCATCATGAAGTGTGACGTTG ACAGAGTACTTGCGCTCAGGA 175 bp
F2 ZHRBRAHRTEER SIS Ry«
pUR 2S4S R FARH(n=28) AR IKZH (n =34) ik ZEH (n =34) FAg P{a
R g 234.12 £13.58 236.27 £14.25 240.16 +18.27 1.208 0.303
3 Ik ./ mmHg 94.28 +9.24 95.06 +8.96 94.73 £8.72 0.058 0.943
473K JF/ mmHg 87.06 £9.57 87.24 +9.23 88.13 +10.06 0.114 0.892
45 ./ mmHg 111.02 £11.14 110.26 £10.45 109.79 £11.20 0.098 0.907
3/ (58 412.37 £34.27 414.25 £35.21 410.06 £35.17 0.123 0.885
CPR [i)/s — 103.36 £16.25 100.47 £18.42 0. 686 0.495
F3 ZHRR SOD KT ILESE R/ (U/mg,x +55)
25 51 %k 12 h 24 h 48 h 72 h
BFRL 28 98.76 +12.21 97.26 +12.03 98.25 +12.30 97.41 £12.69
ARk £ 34 62.13 +8.25° 52.42 +7.87° 40.51 +7.02° 53.24 +7.81°
WikhrZ= 4 34 76.54 £9.03* 66.53 £8.25% 57.21 +7.82% 67.02 £8.47%
FAH 107.413 179. 822 319.593 164. 047
P& 0. 000 0. 000 0. 000 0.000

T ST ARAIE, P <0.05; 5/EM R K4 HEEE, P <0. 05
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PR R ARIRBEE , O JULZH i 1] B2 48 A, A% e (R e
A B R AL WL USR8 PR R AL, B 2 Mk fr 72 4
FHE, 24 48 h ARSER R, A BER K 40 LZHL ]
HERE HE R 7 BT W) 8 A Mk 7 2 21 7™ o, R A0 L
AP BICE L, P O BIR . 72 h &b
FER SR, A= BRER K 200 LR SE R B2 W] I v TR Sk i
Z DI 4ERT R, A . W 1

2.4 ZHAXEMARSKELRE 12244872 h
ARFE B, Az BHER 7K 2 A 20 255 K i BT R TR
PR TR (P <0.05) , BT ARH S

PrA AN K E I, 2 RS R
0.05), ZERWES,
2.5 =KX AQP4 . AQPY9 mRNA 7/kF 12 24,
48 72 h AbBE KB, MK IR P Z2 24 AQP4 L AQP9 mRNA
A AR TAEHRER K A (P <0.05) . HAKZ,
6,7,
3 itig

CA KB, 0 R 2R 25 1E 5 22 10 ) g T Sl 4
YL RSB PR il ARt O T R A B, B A CA B[] 48
K, U 00 @ ™ H o M S it CPR AT B 33 4% CA

(P>

F4 KR MDA FKF-FEAR SR/ (nmol/mg,x + )
21531 %k 12 h 24 h 48 h 72 h
BFARU 28 7.03 +1.04 6.97 +1.02 7.04+1.24 6.93 +0.97
HEBER KA 34 16.21 =1.27° 22.15 £1.46" 33.27 £2.97° 28.32 £2.86
ikt Z 4 34 11.36 £1.15% 18.29 +2.96" 23.07 +2.37% 20.83 +1.82%
F 5 484. 604 448.157 953.750 819.212
PE 0. 000 0. 000 0. 000 0. 000
T ST ARE LE, P <0.05; 54 FIEL K4 1LEE," P <0. 05
x5 ZARRMALEKELEESER/ (% v +5)
451 Bil% 12 h 24 h 48 h 72 h
BFARM 28 74.21 +7.48 73.69 +7.27 74.30 +7.35 74.05 £7.41
HEBER KA 34 78.46 +8.31° 78.53 8. 62" 79.36 +8.71° 78.59 +8.37°
ikt A4l 34 74.36 £7.41° 74.51 +7.31° 75.32 +7.25" 74.23 +7. 14"
FAH 3.169 3.573 3.761 3.682
P1{H 0.047 0.032 0.027 0.029
TSP ARM A, P <0.05; 54 Bl K40 A%, " P <0. 05
F6 IR H AQP4 mRNA /K LR 4E T /x + 5
25 %5 12 h 24 h 48 h 72 h
TR 28 0.77 £0.07 0.77 £0.09 0.78 £0.06 0.77 £0.08
AR KA 34 1.62 £0.11° 1.91 0. 16* 1.92 £0.17* 1.89 +0.18*
Rk RiZE4n 34 1.21+0.11% 1.13+0.12% 0.87 +0.10® 0.79 +0. 11"
F 5 554.906 649.708 883.731 765.335
Pl 0.000 0.000 0. 000 0.000
T SEP ARG, P <0.05; 5B K41 i, " P <0.05
F7 LA AQP9 mRNA /K A ss H/x +5
4151 %k 12 h 24 h 48 h 72 h
rFARH 28 0.48 +0.06 0.49 +0.08 0.48 £0.05 0.47 £0.07
A 3R K 41 34 1.16 +0.11* 1.41 £0.13" 1.52 £0. 14 1.49 +0. 15
ikt A2 34 0.82 0. 14" 0.70 0. 11 0.62 £0.12% 0.50 £0.11"
FAH 289.739 613.291 808. 189 807. 601
PE 0. 000 0. 000 0. 000 0.000

T ST ARALILE, P <0.05; 5EHER KA L, P <0. 05
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AR, H HETIE IR CA & 75 s D R DL Ko A A=
FEREAR AR . SRR R JESE M4 AE K
2545 50 J7 AN#E3% CPREALA 20%~50% 5 N A 3
VMK A, B A 4 20 AT [ 06 3R K &2 98
T CA B W IIRAL S 4 4148 B Bl A Bk i ] 4
S A R 2k o e Ve R VE U AR D MRS R
B 419 P R L P A A 3o e e R
YER . HGRHIZE BAT A ROE R A B i R B9 /E ik
Pz R T BRI ZE Ay 5 Y (E A CA S
CPR it 2 HA G ER MR 2N A . K,
AT BRI UG HIZE -1 CPR J5 CA BLAIK R
Xt UL 2 2 AR R, 3 S i 2 i
HTIEIR CAEY T Heft—m Bk

SOD JEAUMAER A BH B 718 bR A, L3 K SF o]
AU WL BRALAR R B i JE e ) St Sk N i RE
71, MDA JENUARSE A i ZE X AN A s i iR i 5 | &
i i A AL bR e e ™ ek K S AT [l
MBI SZ 248 A S e AR, KR hi R A
ARG E , SRR [ i 5 A 2R ), AT b F)
IR BURE AR B B SRR, &5 Ryt AL fE
VO ARBEFE LS SRR, 12 .24 48 72 h AbFE K
BB T ARGLO WIS SOD /K SE- 30 8 55 Tk ik
FrZed] A= FRER K 4, MDA 7K 5 BH S5 A% FAK 15 fr 22
R A PR K A AR KR ZE L0 L 4R SOD /K
P i A PR K 41, MDA 7K B (B4 T A B R
IR, $ERA R R 78 0] A RTE BR UL AR H B3k, A
MM /> MDA ARG, k2D SOD JEFE , DTS B 520
WLEH B AR W SR A 05 A FH 5 s B L 58 45 SR AT UL
A5 TR A B R 7K 2 0 B P27 458 40 R 3 45 o
kP, YLK Ik Fi %8 T 9l CA J7 CPR 7K
ST IS O LA 245405, A B 8500 ILER 37 4 H
CA J5 S2ii CPR 1R 2 H 2 1] B f54 Rk 52 9
NSEREIR I B, A 72 B 2y TR AR/, K
KNG ERE S, I 15 45 5 28 38 AL AR I 1 B s,
TERA A i R i e . AQP4 J2—3&
o i i a1 @ LN e C NIRRT K g = Iy 1)
JRANA S M M B R B) K oy i R 1T i E A
HREnt > AFFE AR AQPA FE N H i 5 K
RSO K b TF 1 A o 3 o B A €, AQP4
AlReS A M B Z RIAFAEE AR, BT, AQP4
C R i 7K ik T B BT 9T B EE B AN, BF O SR
U IRZH AR AQPO S B 2R kLA R K Tl
FREAFAERYIR R . AWFEEE R BN, 12 .24 48 72
h AbFER SR, R 78 2 i 20 21 3 K s Y B A T
HEFER K AH MR IA 72 2H AQP4 L AQP9 mRNA /K

KU AR T AR BEER K 4, dy ] WL, AR IR 2R T A
RO CA J5 940 CPR /K B, HXF AQP4  AQP9
mRNA FIKEA T IAVEH, 22 HED , Kk fir 2
I RS 7K Tk 9 A F AL AR S T 9T 2 R
AQP4 AQP9 JE[H Rk,

2 LTIk, AR T 45 R R B, AR IR 177 W] el
CA KRBl CPR 50U, Al i i 14 AQP4 (AQP9
PRI UK, i T CA AL 2 2%, ik
P HAATE i R {5 538 i R HE R T AR L A R
HE—HRABIIE

(ASCH 1 DL 4-2)
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