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A7 ALK W it 5 GDNF Rk 14 bl i Pk 25 v 4 5 1 1
Witge, Sk, % JF, E X
(TEEMAXFEERKRES B RYESH, LN 750004)

WE BB R EIRE (Dex) ZFEHTHLIM AR /R H X BT 40 f IR 10 228 72 I 1 (GDNF) R s, ik ¥
SD K FBEHL N AT AR (Sham 20) fBTFA + 47 FFEKE 4L (Sham + Dex 41) , BRIl PEAH 20 (1S 41) , B pEAd + 47354
DR SE L (IS + Dex £ , BRIMIEZE T + A EFEE L + anti-GDNF (IS + Dex + anti-GDNF 2H) , 440 15 2, RH] Longa e # 14t
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i qRT-PCR ¥l I R BTN iG LR, 5ER 5 Sham AL, Sham + Dex A Wi FR A B B AR{L 1S 41 K AP & 1) g
TSN (P <0.05) , I 7 R B R AL IX 3, AP ] 5 X R e GDNF B IN (P < 0.05) , B IS 38 B /) 6 oz 4t it %
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BRI 2R H (ischemia stroke, 1S) J& T+ [ H UL
(.0 A5 , LA v ) R R R e R
Fi ALK E ( dexmedetomidine,, Dex) 1Fh—28 &k
PPk o2 ZARWEH, Retg i — e fF AL T KR
FRHX 28 R B0 (central nervous system, CNS) FRI4E
FH Uit BB A S0 A 2 2 1 dfe A4 45 , e AR A M
PO S — i B K Dex 1 T
PG 1S AR AL AT Y b df 28 50 5 O O 20 A T iR
e, B k7 T Y ik 28 5 ARV TR R S i R A
SRIMT , 2240 Dex 5T £ A F X2 e /M ik
JRANAE A REIR , 20T 0 4 2 v A A 1 A 4
FEVEA . Bl pEAs vh & Jad B vp | RAE W 2351 &
BRIV AN TE AL, HARZ CNS B AT 7,
R YRR S35 R LTV I Jo 2 LR S o 240 R P o 22
B I T ( glial-derived neurotrophic factor, GD-
NF) 01 B A B 527 R 3E Dex 1f L3 af 48 S
PI3K/ Akt/NF-kB {5510 ¢ I 4% 4 28 ROAE S I, 3%
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AL AL R GDNF 1] fiE7E Dex RIEMIPL IS 18
SPVERT R R R0,

1 #BEFEE

1.1 ##

11,1 EZXA AR fAEITLNE (L=
99.0% , 5 [ MCE A ], it 5. HY-12719-97817 ) ;
anti-GDNF L& (4l =99.0 % ,0.4 pg/ml, % [
Santa Cruz 23 Al ) ; B iLPE A Fp 2k (BA% . 1.3200, )
MAER AT 20 R Y iR 57 & (2,3, 5-tri-
phenyltetrazolium chloride, TTC) (At 5t R K F R A
FRZNHE]) anti-rat GFAP  anti-rat C3d A ( 2 [E Ab-
cam /A F] ) ; cy3 goat anti-rabbit IgG (H + L) | alexa
flour 488 goat anti-mouse IgG(H + L) —$i( E[E Bio-
legend A H]) ; GDNF X7 & (WUMEREFAFD) .

1.1.2 EZMBEEELE ZHER PCRL(QS3) .
PG BT (EVOS M5000) £ I BRI (Fe) (3
[5 Thermo 22 w]) ;¥ VRV HL(3000A ) (TRIIEARL K
NI

1.2 FHik

1.2.1 KR KRBR5%52 SPF FAEFHEAEELE SD K
L, TR R R 2= sh e g s FR ik, R 6 A
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W& PR B 180 ~200 g, 4t 75 K, AdJEIEIET
SPF R ahyinFas , 1 IR BE IR (24 +2)C 1B E
(50 £10) % , KT 1 BG5BT HENL I/
it TR (Sham 2H) fERTAR + 45 £ FEPKE 4 ( Sham
+Dex A1) , BRUPEA A (1S ) , Bl PEA T + A5
FAFEBREL (IS + Dex 41 , BRIM A + 47 R 4EBK
E + anti-GDNF (IS + Dex + anti-GDNF #1) , f4H
15 B, s sSess e s 2020775,

1.2.2 btk F PERAMAEL L% 5% Longa
LR 1 b S T 0 B A PR RSO R R L
I L2240 (30 mg/ kg ) SRR, A0 RiMO7 [ 78 22 R 65
o TESEIE AN 5 mm L) O WS WL R
B 2R R A A0 B ik 3PN B ik B 38 )
Jik o 30 Sk A, A Sl ks FL, T o 3 ik
AGERZ R 22860, g3 500 sl ik B8 KB v 3l ik
WE 1 frs, BLZEIMR 120 min 5 &R, 4TI
FURBIIK, ZFLBSN K, D PR B S5
ISZH5 1S + Dex #H IS + Dex + anti-GDNF £H K fl Skt
LS T] F3 591 2 i ok T S92 PR ER /K 5 Dex %5 (50
ng/kg) JGI7 IS + Dex + anti-GDNF 21 K BT 3
d, L5 RN 25 TE S anti-GDNF SR 7 (2 mg/
ml,5 pl/ H0) 10T A 44 4 i S R i 5 5 S
pl ZEBEER K, Sham 415 Sham + Dex 21 K BB 5
O3B SBIK  ABANE AL, BRI ] 20500 3 49 A
FEERIK S Dex,

knot method

B1 skt REE

Fig. 1 Schematic diagram of ischemic stroke model

1.2.3 #WZFakitsy BRMEE 24 h, ZHUR
(i ol 248 40 77 R B DT o0 B o F R b 2 T BE O
il o M5 Z 50, A 4532 S D RER I (0 ~ 6 43) |
JESE T RERTIN (0 ~2 43) S (0 ~6 43) S+
RN (0 ~4 43) o TA W5 KEM L6
PR B S IEAH G , S 2B T A a5 5, o
0 JHARERIEH , 438 s w2 B s ) | e v&i 43
18 73 AREIET

1.2.4 Jodedi® b KR E KBRS Wk Ak
B, BN ZE A VR R B e AE VD L L W ek 1)
FORBEZ T em,, AR U) FEREE TTC G 4835
o ,37 CHEDEIFE 30 min, WA 5 min E#sh—k )
o FRUL @S] KU R I HES  AER IR
1.2.5 ELISA X7 &40 GDNF B F+4% Hk
FRALTE B AR AR b . R AMA 42l 250
JE ARAF MG VE AR S, B 8% anti-GDNF HUIAR 1)
ELISA SFIHR , 554 i FL 0 20 50 A i 5 YR
LT R o b v S s R, 37 C B 2 b, 3
Ve AE S AL, A anti-GDNF —$H0 6 B (1 -
1000),37 CEEBFE 1 h, WHRE DRI, IIA
HRP i “HUM BRI (1 1 000) ,37 CHEIHT 1
ho THVEASASFE S AL, IR N Y, 5 min J5 %0
RV . 450 nm ZbFHARAT A A FE S AL IROE
FEAH, AR AR o b 2 R B — WO B h 4, AR Al A
HEMN IR AT 2 T GDNF & i

1.2.6 S RAmN KRR, AR K
O NEREE , PRI, BUE SERE G2 A 4% %
R [ a1, 0 PR B MR B B K A
AR VR Y) A RS 8 wm T LA
MEE . YR W UEIE 20 50 I rabbit anti-rat GD-
NF JUAFG B (1 2 100) 5 mouse anti-rat C3d A
TR (1 2 100) ,4 C VKA T IFE B, W VEFE i
FR, 43 5% I ¢y3 goat anti-rabbit IgG(H + L) 5 al-
exa flour 488 goat anti-mouse IgG (H + L) " Hi i B
W, IR R 7%, PBST ¥ BEAE i R 1T, 174
Sl Hoechst Ze BRI R BEE ,37 CHFE 5 min, #iL7E
B TSRS OROE T 2Ot kLI IR,
1.2.7 qRT-PCR %% f KERALSE, BB A% 0
XZHZ A 1.5 ml ToRg R0 il it TRIzol 12t
o3 B ARAT S RNA G 25 A i RNA Sl Uk
JE o MR SR ) G T 5K RNA 30 SR R A5
AR DNA, DAFRIR DNA AR IF IR qPCR, & L
MWAKZR A 2 wl ¢cDNA FEdh 5 pl Master Mix 1 pl |
TG, #hFE ddH,0 2 10 pl, B E RN AR
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95 °C/30 5,95 °C/10 min,40 M2EPEAEER,95 °C /2
s,60 °C /20 5,70 °C/10 s, Z5Fd H LK LA GAP-
DH NS, ] 2 -4 i HE B B SR R
ki, NSRBI RN B A R SRt 2
FHILE 1,

x1 EESIMF5

Tab.1 Sequences of the genes

Primer sequences(5'-3")
F:AGGTCGGTGTGAACGGATTTG
R:TGTAGACCATGTAGTTGAGGTCA
LIGP1 F:GGGGCAATAGCTCATTGGTA
R:ACCTCGAAGACATCCCCTTT

Target gene
GAPDH

H2-T23 F:GGACCGCGAATGACATAGC
R:GCACCTCAGGGTGACTTCAT
PSMB8 F:CAGTCCTGAAGAGGCCTACG

R:CACTTTCACCCAACCGTCTT
H2-D1 F:TCCGAGATTGTAAAGCGTGAAGA
R:ACAGGGCAGTGCAGGGATAG

5100a10 F:CCTCTGGCTGTGGACAAAAT
R:CTGCTCACAAGAAGCAGTGG

CD109 F:CACAGTCGGGAGCCCTAAAG
R:GCAGCGATTTCGATGTCCAC

TGM1 F:CTGTTGGTCCCGTCCCAAA

R:GGACCTTCCATTGTGCCTGG

1.3 ZFitFEE  ZR A 45 R YR Graph-
Pad Prism 7. 0 #4780 0 5 5007, B3 R A8 0
x s, ERORL Levene 6590 55 UE J7 25 57 P ; 76 1
JEIE D ATEUT 2255 BT W45 A S LR
FHH R 7 225007, AL 18] 0 L3R T LSD-¢ 4
Ky, KEKIE @ =0.05,

2 FR

2.1 Dex FHERMEZEPFIERRIE Sham H 5
Sham + Dex 2 K fRl 4B A7 16 , 20 23 P Bk 1 3 %350
Ay YR R H B AR BE X 8k, 2 T RE PR
1EH ;5 Sham ZHAH L, 1S 4R BUHL IR 3 HAET:, 7%
T K RV AL 2 Hp 2 s B ) S A B Xk, f 28 T E T
AAHETN(P <0.05) ;5 IS A, IS + Dex 41K AL
A1 JAET, gl 2 A Ak Xk i AR b B i gk 2D
(P <0.05) , #AINREPF A FEM (P <0.05) ; 5 1S +
Dex ZUAH L, IS + Dex + anti-GDNF 4 KB H B 1 H
FET T xR BRUNG 4 20 v A B0 DX 3 v R L ) v
(P <0.05), #&IEETES THE (P <0.05) , UL
K23,

B2 SHXRMASEEREE

Fig.2 The staining of the infract area in brain of rats in each group

a; Sham group; b: Sham + Dex group; c: IS group; d: IS + Dex group; e: IS + Dex + anti-GDNF group.
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Fig.3 Neurological score (n =12) and proportion of
infarct area (n =4) of rats in each group

A Neurological score; B: Proportion of infarct area; a; Sham
group; b: Sham + Dex group; c: IS group; d: IS + Dex group; e: IS +
Dex + anti-GDNF group; * P <0.05 vs Sham group; * P <0.05 vs IS
group; 2P <0.05 vs IS + Dex group.

2.2 WERMMZED GDNF €24 5 Sham
ZHAH L, Sham + Dex 21 K BRUIM7E ' GDNF & &% A
W@ A8 Ak, 1S 4 K Il it GDNF 5 1t B i 35 fin
(P<0.05) ;5 1S & AH k., IS + Dex 2H K BRI 3
GDNF i B3N (P <0.05) ; 5 IS + Dex 414
k1S + Dex + anti-GDNF 41 K FUIML % - GDNF 7 &
B W8 (P <0.05), WK 4,

2.3 GFAP 5 C3 EE7E Dex &7 Gk i 14 %= # Bt
BZ{ 5 Sham 4 AH ., Sham + Dex 2H < B 46
U MAZ O IX GFAP 5 C3d FIkA I 281k, 1S
ZH R UG LH SR A% O X GFAP 5 C3d Fak B i 34
Jn(P <0.05) ;5 1S dAH L, IS + Dex 41 K FRUR 4121
B A% 0 X GFAP 5 C3d £ B (P <
0.05) ;5 1S + Dex ZHAH L, IS + Dex + anti-GDNF 4
KR ZH 2R M A% 0 X GFAP 5 C3d 23k B 3
(P<0.05), WKES5.6,

2.4 BEERRMEMFENLEERESETLKEBTEL
mERERRZEL 5 Sham 4048 E, Sham + Dex
2H K BUG 2H 4 Bk 1 A% 0 X LIGPL | H2-T23 . PSMB38
5 H2-D1 2 mRNA Rk A B 548k, 1S 4

B4 SEHARRHERSMDEFR GDNF FE(n=6)
Fig.4 Content of GDNF in cerebrospinal fluid and
serum of rats in each group (n=6)

A Content of GDNF in cerebrospinal fluid; B: Content of GDNF in
serum ;a: Sham group; b: Sham + Dex group; c: IS group; d: IS + Dex
group; e: IS + Dex + anti-GDNF group ;P <0. 05 vs Sham group; * P <
0.05 vs IS group; “ P <0.05 vs IS + Dex group.

HEM(P <0.05) , BIph 28 5 1 s oy M L T I Jox 44
B 5 1S AAHEE, IS + Dex 2H K FUIK 4 28 ke it A%
L>X LIGP1 \H2-T23 . PSMB38 5 H2-D1 %:[H mRNA
FRUA WD (P <0.05) 5 Ak, 5 1S + Dex £HAH
I, IS + Dex + anti-GDNF ZH 45 ~%E Hl mRNA 235 B
EBIIM(P <0.05),

5 Sham ZHAH HE, Sham + Dex ZH < B inG 2 25 ke
A% L X S100a10 ., CD109 5 TGM1 F K mRNA 3
RV WAL, B 1S 4B 3 hn (P <0.05) , I
P2 OR A P B T I Jo 4 L 5 10 B 8 34 hn ; kA, 5
IS AH EE, IS + Dex 2 K BR ik 41 20 ke il 4% 0 X
S100a10 ,CD109 5 TGM1 J:[H mRNA Fikit— 4
T (P <0.05) , #2724 vk 22 98 M o 4 B 7
Dex AT IS A I 47 8 22 A 45 SR T, 5 1S +
Dex 4 #H tt, IS + Dex + anti-GDNF 4H 4% 4~ %
S100a10,.CD109 5 TGM1 3 K 23k B B /b (P <
0.05), WK 7.8,

3 it

ZWT IR 25 R W 7R, Sham ZH 5 Sham + Dex 41 K
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E5 KRAKXRMALHS GFAP 5 C3d EFRERNALEE x200

Fig.5 Immunofluorescence staining of GFAP and C3d proteins in brain of rats in each group x200

Relative expression
of C3d protein

-

-

a

Ee6 BEAKXRBRMALP GFAP 5 C3d EARIZEUFIT(n=4)
Fig. 6 Quantitation of GFAP and C3d protein
in brain of rats in each group(n =4)
A: Relative expression of GFAP protein; B: Relative expression of
C3d proteinja: Sham group; b: Sham + Dex group; c: IS group; d: IS
+ Dex group; e; IS + Dex + anti-GDNF group;*P <0. 05 »s Sham group;
* P <0.05 vs IS group; “P <0.05 vs IS + Dex group.

b

C

d

[§

B Sham group

10 - B Sham+Dex group

# B IS group
B [S+Dex group

.5 8 . =3 [S+Dex+anti-GDNF group
5 or
< #
Z
%4t v ° # a
o AN *
B
£ ot \ .
3 *
27

LIGP1 H2-T23 PSMB38 H2-D1

E7 HHEKXRMARPHESEERERAMR
EWARIZEE mRNA X RIE(n=4)
Fig.7 Relative mRNA expression of neurotoxic astrocyte
activation markers in brain of rats in each group(n =4)
*P <0. 05 s Sham group; * P <0.05 vs IS group; © P <0. 05 vs IS

+ Dex group.

BB SRR 1 M2 3 S R 5 S K L 8 4 90
HORMEZE LA, M 2 D RER W2, 1S ALK Bl
P2 D RERERT 5 SR PEBRIMAESEIX 3, S ilm R
SR IE S D RERI5 | I 2 4R B B I AL 1
B B, R, I R A TR A
Ha

AT R SRR I 5 0 L X A R 2 M
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8 r HE Sham group
B8 Sham+Dex group *
B IS group
§ B [S+Dex group
4 6 I' &= IS+Dex+anti-GDNF group
&
o
4 . #
24
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o
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27 - 2 :
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8 FBHEXRMALRPHEIRPEEHLRRAE
EARICE R mRNA R (n=4)
Fig.8 Relative mRNA expression of protective astrocyte
activation markers in brain of rats in each group(n =4)
*P <0.05 vs Sham group; * P <0.05 vs IS group; P <0.05 vs IS

+ Dex group.

HITEE A Z AR E TIRE, HALH W A
SN/ E G2 W A i 2N L AR S A (e
JH L RRA A7 Sl M5 T 2 2 i S el 2 AR R 2B
SAERM A, 2R 45 R R, 1S B KRR
BRI O DX A B b 1) 1A S e O g, 1S Bl 39
T BP0 M AR e GFAP 5 C3d S 3R
SIS R L e VA e8I i ) R T AN T
Dex IGIF MUK T GFAP 5 C3d &£k, 1M A
LIGP1 (H2-T23 PSMB38 5 H2-DI :[H &= 1 B[4
I, 7R Dex X e 5 Pk B 0 I o 400 i EL A 1 S 41
HVEM

5 /INBE BT 20 B2 ARL, B R I S5 4 B AN S A AE
MR HAFAE RS OR e I Rp R
[T DIAH E AL AL, 55 CNS g oE R b 28 R 9 i
Jo A LS P TR AR B S — B 1S K R4
Rl 2 AR B M AL TR R 5T 4 i % B 3 ) S100a10
CD109 5 TGM1 FKikFtE, SR, 1S BIAL 2 2 AL
WA 31755 | I 5 B %) A O s B 9 ] 9 RE TR
FE CNS IR TR, Pl 28 3 1 5 I 440 Jif =R A8 o =
g, S TR R, &
BJRTBEESE , HEAh 2T TR 45 R |, Dex AN
PO 7w R R R AL P SR 3k i HAR BE TR R
Pk Y I B A i R R B D Rk ik — P e, AR
M, ZAF R R IE & A FE N T, Dex A IGLIE
R R L 2 v B TP e o 4 e, EL X A e AR i 2
TV Jo 20 g 36 7R Al 15 A I S R ),

GDNF FEFEM LT R T LB bRk 50,
faRR K T, GDNF 30 MK P84, AR R

R X, AR CNS BRI GDNF &1k |
STV B AR 2 PR PR 28 RRE S5, 3P 55
FISCIY GDNF 3 JF 32 3k 1 A 2 R 8 i AR 3 4
FANST R A ARB AL CNS fd 254 32
1175 T R T SR A B Y e 0 4 M i 1 B GDNF
SEPL, HAZAEAY R R SR BOY R BT 40 Lt GDNF
RN 2 2 25 W g e 2 AR P PE RS L IR g 4
WK, Sham ZH K WA A1 & ML GDNF 223448
K, 5 Sham ZHAH L, 1S 24 GDNF ik 5 7 57, Dex
BIFHE— L3R T GDNF Bk, 1% 45 1 50 &g 4
PERIE I 40 e B AR AR 25 R — 2, BRI iAo
I GDNF 322 ply i 28 4 2 90 I Joit &4 M e e
AR IS + Dex + Anti-GDNF 21 45 51,26 H | Anti-GD-
NF AR T 40 JE AR B W GDNF, i 55 T
Dex X IS B4 8 K R 05 0938 97 1E . 5 e [F B,
Anti-GDNF M ST T Dex XoF B2 % ¢ o 248 i 7
A NG e ERY TS Al d i e )i DB U R R
2R MR B TR I 40 M 2 R X i — A R T
GDNF 55 sl it P A rh bt 473 ] S A OC

ZE L TIR 1S AR 25 PE LV I 5 4 i, it
GDNF B, (R Bof 2 T Mg I 4 i 5 2k b 42 55
PEAEH, 38 B 1l Ry BB AE S . SR % 98 A AE —
B JR BRI A 28 T0 T A AR A A Bl 2 P 28 000 BT 1)
FH HIZWTSE 6T GDNF 15 45 0 200 Kk & 3 72
H LA FE AL T T A PMESE A R AT R E . Dex il it
I et 22 T T IO 400 L 3R AR 4 v ik e L A
B o A i 2 B o5 b it — 2B (e i3F GDNF BEi, &
FEpU B m A R

Bt Lk
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Dexmedetomidine plays an anti-ischemic stroke role by

increasing the release of GDNF
Yang Haiyan, Ma Xiaomei, Wu Fang, Wang Hui

(Dept of Anesthesiology and Perioperative Medicine, General Hospital of
Ningxia Medical University , Yinchuan 750004 )

Abstract Objective To investigate the effect of dexmedetomidine ( Dex) on the release of glial cell line-derived
neurotrophic factor (GDNF) during the anti-ischemic stroke. Methods SD rats were randomly divided into sham
group ( Sham group), sham + dexmedetomidine group (Sham + Dex group) , ischemic stroke group (IS group),
ischemic stroke + dexmedetomidine group (IS + Dex group) , ischemic stroke + dexmedetomidine group + anti-
GDNF (IS + Dex + anti-GDNF group) , with 15 rats in each group. IS model was established by Longa’s methods.
24 hours later, the neurological scores were evaluated. Then, the rats were sacrificed and the cerebral spinal fluid,
as well as the peripheral blood, were collected to detect the content of GDNF. In addition, TTC staining was used
to evaluate the area of cerebral ischemic infarction, and immunofluorescence was applied to detect the activation of
astrocytes. Furthermore, the activation phenotype of astrocytes was detected by qRT-PCR. Results Compared

with Sham group, there were no significant changes in all indexes of rats in Sham + Dex group. In IS group, the
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neurological score increased (P <0.05) , the local infarction area appeared, the release of GDNF in peripheral and
central system increased (P <0.05), and the microglia activation was induced by IS, and the expression of neuro-
toxic and neuroprotective phenotype genes increased significantly (P <0.05). Compared with the IS group, the
neurological function score of the rats in the IS + Dex group significantly decreased (P <0.05), the local infarct
area was significantly reduced ( P <0.05) , and the release of GDNF further increased (P <0.05). The expression
of neurotoxic astrocyte phenotype genes significantly decreased (P <0.05) , while the expression of neuroprotective
astrocyte phenotype genes further increased (P <0.05). However, intervention with anti-GDNF antibody obviously
reversed the therapeutic effect of Dex compared with the IS + Dex group. Conclusion Dex can inhibit the pheno-
type of neurotoxic astrocytes, increase the proportion of neuroprotective astrocytes, further promote the release of
GDNF, and play an anti-ischemic stroke role.

Key words dexmedetomidine; astrocytes; polarization; GDNF; ischemic stroke
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