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Effect of salidroside on ischemic cerebral edema of rats
RAN Jian-hua!, SUN Shan-quan!, WANG Ke-jian!, BI Zi?, CHEN Hai', TAN Ge'
(1. Department of Anatomy, Department of Neurobiology, Chongqing Medical University, Chongqing 400016, China;

2. Affiliated Hospital of College of Applied Technology, Chongging Medical University, Chongqing 400016, China)

Abstract: Objective To study the effect of salidroside on aquaporin 4 (AQP4) expression in the
ischemic cerebral tissues of rats. Methods A total of 160 healthy adult Wistar rats were divided into three
groups randomly, the model group, the Sham group, and the salidroside group. MCAO Models were
established by occluding unilateral middle cerebral artery (MCA) of the rats with the suture method. The
morphological changes were observed with HE stain. Brain water content (BWC) was measured by using
wet-dry weighing method. The expression of AQP4 and its mRNA in the cerebral tissue were detected
with in situ hybridization (ISH) and immunohistochemistry (IHC). The content of MDA and activity of
Na*, K*-ATPase were detected. Results The space around the neurons and perivascular space became
larger. Some neurons showed necrosis phenotype, and the number of the neurogliocyte increased. The
expression of AQP4 and its mRNA were up-regulated in subfomical organ (SFO), choroid plexes, brain
cortex, supraoptic nuclei, hippocampus, and other regions, and reached its peak at 48—72 h in the model
group after MCAO. The BWC in ischemic cerebral tissue reached its peak at 72 h. After operation, the
morphological phenotype was not significantly changed in the Sham group and the salidroside group.
BWC, MDA level, content changes of AQP4, and its mRNA expression were significantly lower than
those in the model group. However, the activity of Na*, K*-ATPase were siginificant higher than that in
the model group. Conclusion Salidroside could effeciently suppress the over-expression of AQP4 and its
mRNA in the ischemic cerebral tissues of rats which result in the formation of ischemic cerebral edema.
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KiEHZEH 4 (aquaporin 4, AQP4) iF FEZER K
MERIBFEEERAD, aRXFRPHAR
XUEEEHRY X RmFEERGHRBAR
BERFPER, TP LMK 8 &4 &R, HERZXT
KRB OFEARESY, Bk, 05058 3§ 1E
K R AL P i ke o A5 Y , R 2R 4T B K HE X Tk il
KA AL P AQPL RIEWE W, O R XHRIT
FoK B B 2 F UL R A BB KA .
1 H#RE5F&E
1.1 #H:ZEEHRFHHE (DDB—300,H 1%
IWAHEREFNSE ) EYHEEHE BM-E,
Leica) R AXEARFAMER S RNHEL
BAYERAF). .

AQP4 ZrifEbitk (XHE Sigma AR . GE4A
AR A& GEFA® SABC EA &, b mPLEYE
B/ #]).BCIP/NBT #1 AEC RH & Gtmsil4
WHEBRAF) . AQP4 cRNA B4 (EWETAYHE
RAT RN EZEARAANE (RNELEEDE
BN 7). MDA K& Nat, K*-ATPase & ¥ i£# &
(BRERHEERAT..AR/RXYE (HREHRARK
AYBEARAARME HPLC Sig R E 4 ¥
99.6%).

& B B AE Wistar KR 120 S, B@FH KR
B 200~280 g, HERKER K¥XBHY P LE
H®HAEER _RERHUIGE.
1.2 ZHYEBNHE.SARAD  Wistar KR
NAaNERA BFRAA.ARXFA . BH439E
—MHAS 30 R, ERA . gBXTFHAKBEKE
BCBREREFNA, A EAMBA.BAMBSNB
Bk, 5 HLBLE 3 Bk M B st 3 Bk , 78 3R 30 BKGE 2 BUAE
H-“V'FENO,EZERBERLEINAR
(d=0.26 mm) £YOHATAFHIKY 18~20 mm
(RESFYRXNMABRBEAGLRNZEE . HELHW X
B BBk, B S R B R A BB ip RERH
By, BFERARAE ARSI, HAREMAR L
BRRELARE ip ARXHF REELATRITBAR
ABRFABAMALE S FRE REFLER AT
RN B 50 mg/kg HIFIR), KRE
EERZEAHARR. ATFERHRKK, MEHE
SERFUELE , 4K HE Zea longa 5 2+ HI ISR HE, 2 Bh
BV KT 2 S H RERE R, 4 3 F e )E 3
h.24 h.48 h,3d.7 d [FE.
1.3 REAL4ENE CL8) BHeEnN AN K
REBELZEBEAKWE. 4% £RPRETEE,

MERK. 4% SEFEEES, ¥AGEAE,
ki HE ¥ef8, SR8 X J i g 41 SUm B AR 4k .
1.4 WMALSKE BWO BEZE . RATEER
% AFNEAKBRAATERERE, XREREHR
B 3 B B /G LB T BB FE U K I KRB FRRE
HhHREER, RERABBREREP,100 C #
EZERR.BHRTHEERE WRTREZ£E<0.2
mg), HUTARITEREKE.

BARAKE=ERE—TFTHB)/BHEREX100%
1.5 GREALRN AQP4 EAMRELE . EE
B KBRESMANEEASEREE. EEEE,
RGP EEZE R A, B 20 pm, Zi
BT &M, kA SABC K8 AQP4 £ix%Tfb. &
BRELRERA AR BT, A PBS RE—H
YERRTEXT IR, E R B Y fERRHERT R
1.6 JRALZ#K A AQP4 mRNA &Kk H
Primer Premier 5 {4+ BEEHERESH, FF R,
5'-GACTCCTGTTGTCCTCCACCTCCATGTAG-
CTCCCTTTTGTT-3',% DNA & RAINA BiFH R
B FRICER A (EBETES) ERRRE.

1 A6 BT 9 K BRTE & F T B R) e 2 0 O B B
EEEE  EXEDRNEEEEERT A, FE
20 pm, EEBEFEH. FAZRRLRBES BRER
FEVHH#ST, A PBS RE AQP4 REHEF#
Xt B, B AP R fERR R
1.7 B fNASA PR _B (MDA) K¥ & Nat,
K*-ATPase 1§ 14 il & B £ 0 i 41 41 50 mg, A
SEMRER 10% RALIREHFTUTRE, R
ARAREEMRENE MDA W&, Na*t, K*-
ATPase HHRERAEHE AEGIHEER
HAEHM ATP A& ATP =4 1 pmol XHLBE
HEI—1 ATP BEHEL., BEAERRAXEE
FREE.

1.8 HBEOWRETELRB . AEBHBET
ERFEM AN EZALR—-BETFH 10 MR
FAEHTME . KAILHM CM-2000B LY EZE
BAVREHT BN SR UBKRFYR
FHEE (A) FRBEU 245 7, A SAS 8.1 5%
HANBFNEAREHFTEENBERENFZS
WRAXERR,

2 &R

2.1 KBRAEBTHMBEHOEL - EHEEKRESD
WA, K ERE, A M Horner's fERHE, REEM AL
T B 5 47 7 B 1) 2 00 2 P 5 JRAR B, ) ZE DRV 7% 5 R B
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B ERBAB. ATMAEL, AMXRELAER
FEH EEHAKPMEREE,

2.2 WMAKTKENEH -BFRAARAATKE
FERfRIER, T EEL, FAR 3h 5, RGN
MRARASKERBTFAAMHLABE M (P
0.05), B M B RIMER, AR S KEEMEE
(P<0.05), Hrp 3~24 h & KB MBtR, 48~
72h MK E,E 72 h BBBESTTHE,1BEN
BFEEKF.FRIMNGEARXFHAMALETK
B (P<<0.05), HK Vo 8L FRR4,H BB
REEKEHBEK. SGRABAL

84
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el B - S
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Fig. 1 BWC of three groups at different times
2.3 REMALRSFHRERE : PRILE TR
R 2 3h ) R 1 M) £ 06 2 S ) R E A ok e, 5 B
BEEA MBFAARIRXTAXABEML.L
BT BFRAMHMAR G R, # 2T EH

MRS HNER (H2) EHABHEE 3h 7] LEm
HAH KB, BT B 40 B B SR e » 40 H D
PRI 24 h AR THEN, B MK ETL K
R 440 B 2R, 4 ) B ot R DU B A O 3
(& 2);48~72 h RALHMEMA LS, AHEEE
FRy K R/EFOLRERATROBRENH ST
MABHANKRAR. 2RXFAXRKREE
BRARHZAMRBREELS FEMA, KFET
REBAIEHTENMEHAR (H2.

2.4 HEHARERN AQP4 EA A EE
W AQP4 EEES. H4%P . EED. EFK.EL
B BRI E R Bk A& A AL, AR T LA B AR HEF
REEE NEEREERELE. MERKRERE
i) AQP4 FAMMEMAM. AQP4 ABFARALM
REEHN EHRAEKRTHETHK. EE 30 G,
BRARARREL AQP4 ZEFH LR (P<
0.05), HARXEANEZKFHEMRFERA;
AQP4 23k B Bk i B ] K _E A (P<0.05), H
48~72h REBRB MEBH TR B—-ARNRE
FEFKE (P<0.0D) . ARBRMALF,AQPL &
BMEESREKENERREEMRE (P<0.05),
ERNELFES,

- . —
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Fig. 2 Pathologic results of neuron in rats cortex at 24 h
21 RORAR AQP4 BAMELT. Gts, n=6)

Table 1 Changes of AQP4 protein expression in ischemic cerebral tissue (x+s, n=6)

A% FiMk/(mg « kg™1) 3h 24h 48 h 72 h 74d
BER - 0.06740.013 0.07140. 014 0.070+£0. 016 0.07510. 014 0. 0724+0. 012
;3] - 0.15040. 0022 0.204+40.0612*  0.254+0.0372*  0.2831+0.0224*  0.16140.0134°

aRXHE 50 0.09340. 0374 0.10140. 0612 0.12440. 0154 0.122+0. 0848 0.109+0. 0514

5EFRAWH. 4P<0.05, EMB3h AWH. " P<0.05, FTHRA
AP<0. 05 vs Sham group; * P<<0. 05 vs model group (3 h), following tables are same

2.5 JBERIZEZFRM AQP4 mRNA 3k, Xt
Bk AQP4 mRNA H# Z &, &4 AQP4
mRNA 7 4 4 5 3k B3R Ar Ol it & ) 31 #9 K
MR nERERATRMEER TN KEA
ER.ZLEANZEFE.BD%) AeZAhERE

RE A A —B, {H AQP4 mRNA 7 [H#: 41 H
hEATME AQP4 mRNA BHNEEBAE R
[fl: AQP4 mRNA BHE 74y 3 B 4 7 76 40 1 &% B B
MER LEEXEARELC . RNEXEAHE
H B R, B ot I B U] A R 4, 7E Bk i B R E O A
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Hpa LM AR BEBEER.

BERARKAE T AQP4 mRNA X HH M
o EEEERXHE TN, EH 30 B, ERY
AQP4 mRNA MREFHHE (P<0.05), A
R EKREERER (P<0.05),E#)5 3d 3
HHE(ES,AQP4 mRNA FEAZ A%, ## 3h

B ABXEH AQPA mRNA WREFBHEH
(P<0.05) ,BHI B FHEBA, HE 24 h BE#
BETE.1 AEEAKEHERKP. SRAMA
#1th AQP4 mRNA 5 AQP4 M E BT L2 IEHE
*. GRILE4 ML,

2.6 SRmALRF MDA Kk . Nat, K*-ATPase

E3 24h XRED AQP4 RiE

Fig. 3 Expression of AQP4 in rats hippocampus at 24 h

B4 72h XBERK AQP4 mRNA FiX

Fig. 4 Expression of AQP4 mRNA in rats cortex at 72 h
%2 SmAAL AQP4 mRNA MEZXEL (rts, n=6)
Table 2 Changes of AQP4 mRNA expression in ischemic cerebral tissue (x+s, n=6)

45 &/ (mg « kg~) 3h 24 h 48 h 72 h 7d
BER - 0. 28110. 006 0.29040. 051 0.27040. 074 0.265+0. 014 0. 28440, 052
%] - 0.572+0.00624  0.632+0.0314*  0.72140.0274*  0.77610.0128*  0.32640.0492*

ARKH 50 0. 30440.0754

0.351+0. 0618

0. 349+0. 0232 0. 32840. 0474 0. 2994+0. 0814

EHENE.BFRAR4HAHA MDA B & Na*, K*-
ATPase FHEREET R EK, KHBE/L. HHE 3 h
B ENASAFRE A MMRN4AS MDA B
BFERAMLEBEM, T Na*t, K*-ATPase &
ETRBESE (P<0.05); kSt b ] MK, KEA
MDA BEH¥INBE (P<0.05),7E 72 h AR HE 5
Tr,1 BERPETFERKFE;M Nat, K*-ATPase
EUHTRE 2h EFHELA.1 ARNERTEREK
FHBARXFHRALS MDA BIEMAFHE
KFERE, AR EKTHEEL; M Na*,
K*-ATPase FHW B R TERYA, ERNE 4.

3 it

3.1 AQP4 7k i 4 Rk B JE B2 b B9 FE R - R K B
RpmEROESERHOFEEZ— HERNH

WHR—-ERMHER2EAFITHREZ—. WE
BIFEER A XK BT B R 2% 15, 389 0 o X B
HAPK BT EILHE L 2 E MR KE
#EEH (aquaporins, AQPs) )& 3Kk i 7K B JE iR
PR EETHHBEDT, AQPs B—HA
FARGFREEBERZNARRED, HEEZE
EEHERME., BRAEWIAIWENRI AQPs F
13 R (AQPO~AQP12),H 1 ,AQP4 N4
HpWahl 2,2 E . BUESETRAEK,
BRENEHTYEATY.

ZFBF?E%%Z%%,/}QH RHEEREGR MR
KMARPHEREIA—FHEETRE, BB ME
3hFH LA, 24h WEMBE,E 72 h Blikk(E
ETRE,1 RENRTERFRA,FEMIKEHY
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®3 HmpEELS MDA BT (xts, n=5)
Table 3 Changes of MDA content in ischemic cerebral tissue (x+s, n=5)
Hix/ MDA #&/(nmol « L71)
;R B
(mg *» kg™ 3h 24 h 48 h 72 h 7d
BER - 10. 2510. 64 10.31+0. 74 10. 2740. 59 10. 3540. 22 10. 2940. 63
B - 13.2940.5324 14.9840. 382+ 15. 660, 754 15.91+0. 614+ 13.0410, 334"
gRXYH 50 11.3340. 428 11.594+0. 614 12.1240. 388 12.0940. 462 11.2340. 774
£4 ROBAS Na*, K*-ATPase FEHEK +s, n=5)
Table 4 Changes of Na*, K*-ATPase activity in ischemic cerebral tissue (x+s, n=5)
@5 iR/ Nat, K+-ATPase §& fj/(umol » mg~! « h—1)
(mg + kg™ 3h “24h 48h 72h 7d
BFER - 1.3840. 36 1.3940. 02 1.38+0. 27 1.3740.41 1.3940.17
£ - 1.2240.24 0.99+40. 022 0.73+0.17* 0.58+0.194* 0.9640. 084"
AR 50 1.2840. 25 1.1940. 612 1.0940. 582 1.1240. 944 1. 26+0. 522

MBBEEMHRE, X—% R Y Taniguchi EHHK
HEREA R, @ e m A R+ MDA K
¥ .Na*, K*-ATPase R M E LR SR, %8 3 h
B ERAS N MNAES MDA BRBEFAREMIL
BB, W Na*, K*-ATPase EHE THBAH
(P<0.05), MDA £ 1 i #2 7~ 8% il 5 Bofg i &
S RGB AT BEBERNEF2HEH Nat,
K*-ATPase, 5 & & 4 #) B i 2 s R I35 15 95 B A
BHHZ—  FESBARA Na* B KT EZX,H
BHABFLAERL BEERENE  BETER
BEAREENKEEMEEEZ KK AQP4, RH
90 J B G5 M R BORE 5 DT 6 0 490 B R X K R O
%, FRAMRAKI . A EERER, AQP4 FEHE M #
RiKMBEEMEBREIBPEEEER, WH AQP4
Bt K T RE R B I8 K e B — R B R
3.2 ARXBEMNKBEmMHERRGHRFERR
HHHEMFET - ARXBTRRACRAHEAY X7
“BRAZ"A“BILMIE"ZH. ANEALRXA
AHRES L NRE. B MR RS
ZEHIRN, AMNFBHERERLNERZRFE
ERm, kAN mAYRERT, BEAH
KEYRHA AR RRBRY LB RITRK M A1ERA,
EEHANMNRBRTRIKEE . BEELFE
PRIEIEIESE T X —Zh B, BRE X HIGIT UL MR A
K.

ERRLERERRGEHFALFEXRE (50 mg/

kg) M4 MDA B KB 8T K, 3 LR
BT 8L, T Nat, K*-ATPase E#HE
FE. BN, LR KXHE A RE W H TR
fho L LL Y S0 0BG 815, (R P Na*, KO-
ATPase WIEHZEHAINEE, ATERFARASIE
FHREEAGURBEENBRE Rt AR XFW
BERAS &K B AT AQPS B mRNA #9
FEERTA AN EEKTHBEL, RR4
B R W ] R A 4 R 0 M Y A0 OK L BB R R A9 B T
BEXIMH AQP4 B HE mRNA i3 &E, BOHK
FEXS K o8 57 B AL A K B I R A
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