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Abstract

Objective: To investigate the effect of exogenous Glial cell derived neurotrophic factor (GDNF) on
the expression of retinal excitatory amino acid transporter-1 (EAAT-1) and glutamine synthetase
(GS) of rats after optic nerve axotomy. Methods: Right unilateral optic nerve crush (ONA) model of
Sprague-Dawley rats (56) was established, and divided into 4 groups randomly. Right eyes of each
group were injected intravitreously 1 pg (test 1 group), 2 pg (test 2 group ), 3 pg ( test 3 group)
GDNF, and 0.1 M phosphate buffered saline (negative control group) after ONA immediately. Injec-
tions were repeated 7 days after ONA. The left eyes of negative control group were intact, and
served as normal control group. FluoroGold was injected into the superior colliculi of 2 rats out of
each group to retrogradely label retinal ganglion cells in order to examine the optic nerve axoto-
my. The expression of GS, EAAT-1 of each group was tested with immnohistochemisty 14 and 21
days after ONA. Results: Retinal ganglion cells axotomy were confirmed by FluoroGold retro-
gradely labeling. The expression of EAAT-1, GS of normal control group and test 2 group was high
significantly than that of negative control group at 14, 21 days after ONA. The expression of GS of
test 3 group was also high significantly than that of negative control group at 14 days after ONA.
The expression of EAAT-1, GS of test 1 group was lower than that of normal control group at 21
days after ONA. Conclusion: Exogenous GDNF injected intravitreously with adequate dose can en-
hance the expression of EAAT-1, GS after optic nerve axotomy.
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H B B T s e v S IR A R B 4 R #4428 3= Rl 1 (Glial cell derived neurotrophic factor, GDNF)
IRt 5 R (optic nerve axotomy, ONA)K BAR M EM & & IR 12 F H -1 (Excitatory Amino
Acid Transporter-1, EAAT-1)f14 & Bt i & B (Glutamine synthetase, GS)REF M., F¥k: #IL
Sprague-Dawley (SD) KRB EHRUIBAETIS6 X, FHEEHLS N4H, FH16 ASDKK. 4)EH
% 7 BSR4 H)iE ST GDNF(Glial cell derived neurotrophic factor) 1 pg (SLX4H1). 2 pg (2%
#2). 3 pg (LHRA3)A0.1 MBERRE MR (BIEXT R4, BRIt AKX RFXH RN EENBA. &
HFARF7 dFENLIEFE2 R KR EERFETARMERIEEMH LM RYIBRA . K514 d. 21 dFEbLiEFE6
HEB KRR, RBEHAFIZES T EEAAT-1RIGSKHIFRIE . &R VMEMS T HRIETIRCER
e E MR E2YINT . ONAE14d. 21d, IEENBAH. LHHA2MEAAT-1. GSEEHH
THAEXHE4; ONAJG14 d, SERAHAIKIGSHLR THIEXRA. ONAJ5G21d, ERHIKEAAT-1. GS
REVMTEEXSRA. 4k FBEBETENE S E KSR % GDNF R (2 A & 3145 J5 K BAR P 5
EAAT-1. GSHIZRIE,

XA
WSS, REARBEEHEERHET, XEHEERFEES-1, FEBEGEH
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1. 5|

AU 22 453400 AN [7) A A3 S5 00 o) e 22 4 2 i (Retinal gangllion cells, RGCs) % 5 3 5 30A a] i 4
1) RGCs iBAFFET [1] [2]. BEAEMIBE TR B &40 Res2 i Muller 20 i M ay PR L IR 4% 12
(Excitatory Amino Acid Transporter, EAAT)-1 FI & Bt A% & B (glutamine synthetase, GS)#IA[3]-[5].
Miiller 4RI EEDIREZ — 2400 Fia . e AUAILINIEE A IR Ay P Ao 22 368 0 7 20 L B M g 1k 23 1
YEF, TEAERFIL IR ) 4 2R 1) Bh A Fe e e g v HEVE (6] [7]. FJ5E 4 e st ik b 2878 72 R 7 (Glial - celll
derived neurotrophic factor, GDNF)fEiH L 45 & 52 /& GFRa-1 IR FRILEF 5214 Ret, LA PIK F1 MAPK i%&
AL FHUHTAS 58] W FLEH WAL M PN K387 GFRa-1 324447 F Miller 402 1H, /NGB /3 724 T RGCs
AR L[9]. Bk, FATWEFE GDNF BEE M R YINT G Miller 4R g4 ZBACMIAHICH) EAAT-1. GS
RRIE .



wOE 2%

2. M5 %
2.1. KBRARUHEZRG

1A 200~250 g I RRAETE T 2 (Sprague-Dawley, SD)MEME K (R Ligahses 4 0)56 H, BEAL
SYSCEGAE 1. SEEGA 2. SEERAH 3. FATEXTHRLE, BIMERTHRZE B ERAE Y IEFE X R, &4H 14 KR,
3%JJ4 T L2248 (50 mg/kg) IS s 3R ST TRRIFE 2 0.4% 5 R B A = IR (5 75 & ™) 45 IR 38 SR T R, 4% IR STk
WD A RSN A, A S ERBEANE, TEERIE 2 mm 5 Dhah Bk e e sz ol 28 A RH o 5 A A 2
30 FP[10], [F]rkE G4 AR R BN ik s 1E 0 RRZEAS T4 ke

2.2. WIBAEAES GDNF

M2 e, SrRIES GDNF (R&D SYSTEMS, 3£[) 1 g (324641 1) 2 pg (52541 2) 3 ug (52
U640 3)A1 0.1 M 2544 AR % 22 i (phosphate buffered saline, PBS) ([ 1% HEZH): 7 d J A 7] 7] 8 2 42 33 5
1R IEFEX AR TE .

2.3. RGCs i#{T¥Ri2

MPRAE A 7d, SHBENL R 2 RORE, BRI S VR s R DI Rk, BEemi . AT TG
6.5 mm, 5% FF 1.8 mm Fi-E 7L, 5 pl Hamilton VRG24 Sk3E N 4 mm 2292725 2 ul 5% FluoroGold (Sigma,
)T I Fefi[10].5-0 22k 4% 4 B ko b i /5 5 d, 2 JROK BRUBRIE J /e /0 % EVE 4% % 5 FH RS 100 ml,
TR ER 5 46228 2 1 h, 30%ERE 4Cid R, FRiE It &k &Rk, OCT (optimal cutting temperature
compound)A IR, 16 um I H, 906 IE B B 8% (Nikon Eclipse50i) W% RGCs Fric R .

2.4. EAAT-1, GS RAMREHLLZERM

MARZ I )5 14 d\ 21 d, &ZHRAT FluoroGold Fric (K B A4 SIBEALIL 6 HORE, BRI 70 =
T 4% 2 T HEE 100 ml, AR BRIG4RSEME 2 1h, AR EIT MR SRR, (RBREEMK, PO, 8
um JEEEESY R, B AL RS D) . UIRKAE, DL 3% A A E S BT RIE R, 2 g
W, SR A S IR BRPUR R EEAT-1. GS (LI SR AEMH ARG R A F], 1:200), 4°Cid#, PBS ik
JE 0 HRP ARt i £ HUIK R 19G(L:100), 37°CHFE j5 DAB S th, MK G M I Er B o RIS ilss Bt
TIAKE — gt LUK RN ZGUNBHMEXS IR PBS AXE —Hu B EXS IR . 45 R BT AR 00 1 4 5K,
BT 40 R590%88 R LIRS A RO P A6 R 8- 556 5 AN ERAE B % (Nikon Eclipse50i), PA Imaged #c4-il &
WIZE EAAT-1. GS FfE2H LU F YL (A (1P IR FE A

25. Gt

PL Statall.2 Sit#fxt 2541 EAAT-1. GS 44Uk 2F Yt 1P Y Ik FEAE A B IR R 5 25 0 it K
Bonferroni 72 4 73 #T(a = 0.05).

3. &R
3.1. RGCs By FluoroGold i¥#{TH#ri24E R

UESER AR 2 e A 2 15— Bt e e VI 7 RGCs HUHHSE, #ZHBENLEHL 2 K BRARER A AR D) W52
RGC [MIARICIRDL o A I 50 HELL AL IRV R D) e, AL 22715 4L /= W] WL FluoroGold (15 6 AR1C
(1 RGCs Jlfh KA S (K 1(a)), TSIl S FAVEX HEZH, LB 2815 4 /= 42 R WL FluoroGold
FIFRIC 6 1(b)). XRIIM ARG S5 b ki % RGCs AT 1z it 38 1 52 4= P, -7 It



a: IEH K BRI BEA R T A, WL R 2 45 4H )2 T W, FluoroGold 174 Y6 hR12 1) RGCs Mlfk K AHZE I8 . b: FPHE Je 1 KR
MU RE A R0 J s AL IR 22 5 20 i )2 K WL FluoroGold FIARIZ %G

Figure 1. Retinal frozen sections retrograde labeled RGCs with FluoroGold
1. FluoroGold #1T#512 RGCs fa K R AR MBS H I ARk K E &

J& RGCs #4524 V).
3.2. GS HIFRIA

Miiller 20 BA4 AR IR S0 4, BLEE LM 2 . MUY GS £ ZAZ/ET Muller 41/ 1 /i
FN . L, GS Beth R Iy AL JZE I RURLIR AN 53 28 P4 &1 57 FEE Fr i L7 o) ) 22 R AR B B £ (4] 2(2)-(j)) - ONA
J5 14 dv 21 d, SHNFEEIMLE GS e AUk =Y P KA Z 7 A B (RR R £
43#Hr: F=5.25, p=0.0033. F=554, p=0.0025); ONA J5 14d, ZH [R5 T il I R 20 5 B 4
SPRELL, SIS 2 HRAMEXTIRAL. Seitdl 3 SRR R4 K EE 2R BEA &M@ = 0.015, 0.028,
0.044); ONA J5 21 d, ZHIAPIP 4 HTiEos IE w5 IR SR IRZE . s2I0d 1 5 IEm X idl. et 2
55 9 A o WA L 1) K PEE AR 1) 22 3 B B35 1 (p = 0.007, 0.040, 0.034). 45 %W ONA J5 14d. 21d, KEM
WL GS HIFRIA AR T ONA 21 & 7d, BEEAREES 2 pg. 3 pg GDNF fefigis ONA 14 d I () GS
Tk BEIRIEESS 2 g GDNF et ONA 21d B 1) GS ik (/4] 2(k)).

3.3.EEAT-1 Bi&i%

EAAT-1 FEAEET Muller 400 F1 BRI SR A M A B . Kk, EAAT-1 BRI NIZZ T
SUREIR RN B 2 A A0 SR P 8 T ) ) 22oRAR e e (4] 2(1)-(u)- ONA JG 14d. 21d, SN A S 4MZ 2
EAAT-1 G s H UL E Qe L~ K P 0 22 S o R (IR R 7 2 0. F=6.84, p=0.0008. F=
7.14, p = 0.0006); ONA J5 14 d, ZHIA1H 2B s 1E 5 0 FR AL S PR 2 . S22 S 2
(R P B I 22 7 B 2 35 M (p = 0.002, 0.004); ONA Ji5 21 d, 48] 9 19 4 AT S 7~ I 5 o SR 4L 5 B Ak 2
S 1 5RO, SeE A 2 SRR B2 ) K FEAE I 25 e B 3 M (p = 0.001, 0.032, 0.007). 4
HREH ONA J5 14d. 21d, KEMMIE EAAT-1 RIEHIFFG: 170 ONA 2 H & 7d, BTN 2 ug
GDNF fgf2it ONA 14 d. 21d ¥ EAAT-1 IIRIE(E 2(v)).

4. ¥ig
Maller R 2EAEZ0 I B 5L R R 2 b 2 1A M, o0 B % S 6 TR 92 . S
B B, B AR AER. - E TR Miller ZIMTIASY —. B4 TR S FOAF A ER
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Figure 2. Expression of GS and EAAT-1 of each group
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HSEEE, B EAAT-1. EAAT-2. EAAT-3. EAAT-4. EAAT-5, Jrfig =12 % T Miller 411
EAAT-1[11]. Miller 40 A th 4 57 1 R 1A & Bk % 4 B (glutamine synthetase, GS), L4 N 4 2R 1
FEAb I FE[7]. Maller U LR ES IR 1 EAAT-1 SIS, @il GS BN A A BRI B
Wil . DRI, MGller 20 BRL7E 4 7 10 0 JIE P 23 S R ) B A s e 4 e MR (6] [7]

BRAR WAL RS, AR AN PIFZE T, (Hid B RS 2R 2 1k BA Mtk
FPEMEI[12] [13]. MAPLHGE R Z R AR BN, BRI SRR b2 —[12].
FATREAE I FE AR R BAA 24245 1 d, EAAT-1 [RIE ORI RFSEE 7 d J5[3]. AWFRLdt—2 R
ONA J5 14d. 21d, EAAT-1 RIAVMETIE® . MR 5 Miller 28 SRS UM 4k (1) 23 2 R ek 2>,
RE T SO IE 4T & D 45 S BRI B T v 25 A 1k B 1 /KT [ 14] o IR 5 B30 22 (8 B R 608 N Ol B2 41
WAL . RGCs, A0 B 28 704 i A 23 2R I AR B e 3 B e 22 oAt G H 2 RGCs [AE V4T
T-[15]-[17].

AP R AR TE GDNF AEfEHE Miller 411k EAAT-1[18], RIEIRAIAE ONA JE ENZIF 7 d B3
RS A FEFIR A ANEYE GDNF X EAAT-1 RaAMsgm, 450K A BB A 2 ng GDNF f87E
ONA14 d.21 d I {g# EAAT-1 (55, TS 1 pg. 3 pg GDNF A RETR & EAAT-1 11355, $27~ GDNF
X ONA J& EAAT-1 RIA MR 5 HFEM G, FIEI I AR et EAAT-1 FIZRIE, 1M id &
PR EEAE 352 2040 o

Miiller 4 B8 H 1A 2R R 20 72 GS IfEAL T et A ZBE RO kN B R R - B RAEER,  /NE
IIRENERRIR . GS AL ZUBR S A A AR S ¥ ok 72 [ I REA2E Miller 40 B S 20 BR[19] . 7540 I fi5S
BRI JOE. HOEHRARA T, GS MIFRIAMIREZ 2 [14]. MAREIMAHEER I GS MRIE. T84
BEAE OB 7T R A A5 )5 1 d, GS FIFRIA R E RS, 1M1 7 d B SURT IEW[4], 5atmiREE KR
LRI GS R IEAL M FE[20]. AWFFE R ONA J5 14 d. 21 d, GS HIHIETAZIL T IEH: ONA
J5 14 d, BIEAEMEES 2 pg. 3 pg GDNF 411 GS ik T-BIPEXTRR4L; M ONA f521d, RE 2ug 4
) GS KiEm TRAMEST IR . ABF7E4s BRI ONA J5 GS FrAfKEKIL, T GDNF gL ONA 51 GS
FIRFAFERNEA G BT SR BTEIRTT IS AR, w77 &0 GDNF X i 15 B 40 i 2 A 1) 55
PEAE I [21] o AHHF 7245 JE36 B v i B2 1Y) GDINF S M4 ONA J5 EAAT-1.GS 1381 . GDNF X EAAT-1,
GS R IE R (141 o 771) 52t AH DG 008 B VPt 5 L3 A

W70 27~ GDNF Beidid b i EAAT-1 I 1T — g A5 P H 00 ) R0 1o A A A 20 /) B8 11 S 52 i 4 i
PET[18], XFie ik IR RGCs th A A (I EH[22]. FE MR 7E E/R GDNF §Ei@id PISK/AKT i&
2 LR LS ) R A ES 40 S 1 (mammalian target of rapamycin, mTOR)Ih g M & 3% 40 44547 7 1 [23]
[24]. mTOR 7E CNS K B R AT R A ARSI KA KHERS J7, BV X547 SR H 4 48 TG 45
A ZE B AR ) Sk Ve R R [25]. Bl GDNF AIfgiEd i mTOR Ihagmi{Eidtk ONA J5 EAAT-1. GS
MRIE, (HBEEA S NG GDNF BE 5 A S fi A 245145 J5 (1) RGCs A T2 (2 g A b 22 41 4 742
Tk I

E&ImHE
VLA DA T B2 2 8 S R GA 8 (N T2009-001) 6
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