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TR E. MRS W H Sigma A #]; Trizol 14 H
Invitrogen 2% 7] ; M-MLV ¥ % 3% 3K 7 & W B
Promega /A 7] ;  SER € & PCR XA H b 5L B A
L AEYRBAT IR A 7] s LDH K357 &0 1
A YRR AR A oAl H A )
A [ 4y Afr 4.

1.1.2  3h¥). Sprague-Dawley (SD) 8 K F W Tk
SYERAESL R ARG IR AT, s sgh
L RL 2= Bt A ) BRI U B e IR s vr e, 38
HE b T S50 B ) B4 A1) AT

1.1.3 X #%. 51 Multiskan Mk3 % Thermo
Electron 24 w ; 8 & 2¢ 6 & W 8 IX71 4 H
OLYMPUS 2 # ; 43 )t ot B iF U-2010 19 H
HITACHI /A ] ;  SEH 32 &8 PCR {X Rotor-Gene 6000
4 5 Corbett 23 7).

1.2 KWHE

1.2 AMEEFER I RE . - 2 R R PLL)
2K IC i B 200 mg/L 1A, 0.22 um (138
PR R, KR 2 KRR AT I R i, o) %
FEWR = A .

1.2.2  EE TR EC ).

W 1: NaCl(124 mmol/L), KCI(5.37 mmol/L),
NaH,PO, (1 mmol/L), D- %ij%j## (14.5 mmol/L),
HEPES (25 mmol/L), MgSO, (1.2 mmol/L), BSA
(3 g/L), F NaOH i pH {E %] 7.4.

W 2: TRV 1 PO LK BESN 0.025% 1)
B H 1T

W3 EWWE 1 I N ZR E N 55 U/ml
DNase [ , 166.4 mg/L K& il 8 (B HEIF], HH
MgSO, [P fEH2 =3 1.7 mmol/L.

VW 4 AR T PN AN EE R 160 U/ml
DNase [ , 0.52 mg/L K & & G067, Ik
MgSO, 1 42 3 2.8 mmol/L.

W5 TRV T TP INNZRE A 0.1 mmol/L
CaCly, K MgSO, U FE £ =21 2.5 mmol/L.

Locke's 2% ¥ : NaCl (154 mmol/L), KCI
(5.6 mmol/L), CaCl,2.3 mmol/L), NaHCO,(3.6 mmol/L),
D- % %4 (5.6 mmol/L), HEPES (5.0 mmol/L),
pH fH 21 7.4.

1.2.3 /MR A TG IR IR

Regedik1: B3 H A0 8 R SD FL (M
TEAS 53 ) I /N i B T3 i Locke's 22 ol ., 2R
S AR B 0 ok Mo JER i A . P R R B 4 A 2R BT
1 mm® ZEA R, 25N 15 ml B0, F 2ml

0.25% R AV A 5 min 5 I SR BRI 584 R 9 Ak
(& 25 mmol/L KCI f¥) BME 157555+ 10%/15 24 IfiL i +
100 U/ml H 287 % +40.1 g/L MR R )& bwift. &
s A T R AR IV, FRE S min, iR
AN, HBUE LA 1x10° A /ml KU R R A B
FRILAF (6 FLB PR 2 ml/ 4L, ATEER 1 4 96 4L
B R 200 wl/ L, AIEERP 1 BR). 18~24 h JE#k
W N 10 wmol/L Bl it 1 LAFI I oz 4t i A=
Rigioiik 2. 3 H 8 Kikd SD FLE M /M1
VO R, 0 BRI I A S B B 1 mm® A2 A5 )
MR, FN 15 ml BB EL.LVE T, 800 r/min B0
Imin. 3£ B3, A 2 ml ¥ 208K 0.025%),
37°C KR PR WAL 15 min, I 1 ml 9% 3 &b
WAk, 800 r/min 2.0 2 min. FF EiE, I 2 ml %
W4, BRWATYOED AL 2 2W, A 3 ml %
W5, WRAJJEUTFE 15 min, WE 3%, 800 r/min &
L3 min. 3BT, IANEEEH 10%06 25 10 A
25 mmol/L KCl [¥) BME #5783, Ll 1x10° 4> /ml 1)
WL M A EE g7 b (6 FLAR P A 2 ml/ L, W]
B 2~3 B 96 FLAR P EA 200 W/ L, W R
2~3 1), RIGET 5% CO, 37°C B4 h B4 9%,
B 18~ 24 h i, {EdEFRIEP A 10 wmol/L
BB L, AR TTAliE T Is 95% UL b 4l Bk R
TR TR AN, LB FRLE 35 mm ELA2/NILH 40
WA, AEEFREE 4 KA, BERE 3 KIS 200 pl
50 mmol/L D- ] 45 4 LLb 78 40 A 1¥) §E 54 5T F 7R
ALK 3 75K
1.2.4 ZHMERIZEYIAEFE. CGN {8 BME R 953 1
FEFN TSR], W R R IR IR (S ETE BME 85 9%
55, oy G VB % v (Locke's 2% 1) R 5E 4%
R 975 (“Neurobasal+B27 s Il 7. <41 BME 1%
FEEL. CHEBECHEI) BME R IR RIS T ),
FWB RS BN 10 pmol/L H 2R AN H Frik JE 1)
BAM, WEYA)E, EHNba R, %
357746, LA Locke's 4 RIS MM, 3% 30 min
S W [T SORT (R 46 1E 1 BME 15 975, Ak 4l %553
H I T EAT ARSI s D56 4 R 77 3 0 B0 W T
DURF S B3 H (i R AT A MK-801 (£
FE24 10 wmol/L, 8 FH I 58 I A\ 40 J 35 772 W h i &
30 min, AR J5 FHZE IR 5 IO S SR (R s
MK-801), 35723 H (1 I [k .
1.2.5 MTT J5 kb4 fid 5. CGN 1E 96 LAk
FRETR, AWAEELE INNZERIE R 0.5 g/L ) MTT
WAL 37CHEFRFATWEE 3 h Ja/ MO BRI,
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JIN 200 wl DMSO %5 gl i, 353495 Ja e
BT _EIE 565 nm AL (R FEAE .

1.2.6 FLR AR (LDH)RE BN 2. KA LR
JI5E S D 0 4 B b 3 ) 6 A D Rk
17, BEA R BRI 23 606 B vHAE 340 nm Ab4G
NADH [1) 5 s AR Aot v PR I SR 175 )

1.2.7  MOPVES & FI0E. HNIORA £ T R IR A
B A FERG IR 35 mm FLARREFRILF . K lHy,
LB MR IR, IS 5 pmol/L Fura 2-AM
BREF I Locke's ¥, 7F 37 C ¥ & 30 min. 2XJ5 H
Locke's 3L 3 YK LL B4 HU4MY) Fura 2-AM. %86
ST T ISR M A B AR AL, E R
W LA 340 nm H1 380 nm AL 526 EL A K Ko,
1.2.8 c-fos mRNA & 5. FIH Trizol A CGN
i PR B RNA, T M-MLV R 71 & s 4% 5%,
3RAFE cDNA. Q-PCR 4ff: ZAZPE 95C (10s), iE
K 55C (15s), FEAH 72°C(20'5). cfos 51¥: L
5% : 5 GGTTTCAACGCGGACTACGAGG 3’ ;
N#E514): 5" TGACAGGGGAGCCCATGCTG 3';
B-actin 51¥: _L¥i514): 5 CACCCGCGAGTACA-
ACCTTC3’; FiiF5l#): 5 CCCATACCCACCAT-
CACACC3'.

1.2.9 FHaobr. i« + s BAEKIR,
1L Student's s-test [ 7 VAR B0 2 0] 2 3 2= =, DL
P<0.05 i PEbRUE.

2 % R

2.1 NRERIHE TSR

2.1.1 PLL % CGN 4K 5Em. fEsh & oohs
FERR AL I R b, AN ) S 56 A 1Y PLL A 4k
JEERRK, 5 mgL¥, 10 mg/LP. 25 mg/L9,
50 mg/L™, 100 mg/L®, 1 g/LO%E40:. AWF5T
N> AR PLL (4% 96 FLESFRIL, WU %R
B, 7RSI A&, PLL 5 mg/LIFkK
FERRE, PRETTAKREMN], 25 mg/Lik A4,
LA A 45 A%, PLL K B 89 I %) 50 mg/LLL
b, M e KIS B 6 FLARAT 100 mm AR
RiFRILE, PLL ¥R T LUIE M FFAAIK, 25 mg/Lik %
PRI (K 1a).

2.1.2  AS[EIGH M A0 A A R AR CON RS HIT™
R . K927 1 K 4 28y s B, ik
0.25%BRMAGHE A WAT JGHeht, A FEATAE 1 h
W SE, BRAEARXS . (H, e IL, A
TR 110 200 Jf 2 6 5 HE 5 8 1) DINA, K5 40 B e Bl 2
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Fig. 1 Morphology of cultured CGN
(a) The concentration-dependent effect of poly-L-lysine (PLL) on CGN culture. CGN was cultured in 96-well plate coated with 5 mg/L (A4), 50 mg/L (B)

and 200 mg/L (C) PLL respectively. Morphological photographs were taken on 3 DIV (days in vitro) with 20 x objective lens. (b) Comparison of the
traditional simple method (method 1) and five-solution method (method 2) for CGN culture. The morphologies of 3 DIV CGN cultured with method
1 (A) and method 2 (B) and the relative cell numbers obtained with these two methods (C) were shown. **P < 0.01 by student's -test.
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B, A3 FEWE 11, TR A R R
A BESTHCAN L, X T A, B0 M
T2 ETh, PRETCI 3K, T H, BT R
FATHRAE D> AT SR LI ()R, AR R b A TR
M S . BRI 2 R R AN B, A
AT 2h, HEALUNES: a. RABMCKE
(R 1 (0.025%) o AR ¥ A4 22 BB 40 i 1y 40403 5
b. {EMERERS 1L NN DNase 1, 7 %[ fiit DNA,
WE RS, BT B 7, AT B8 i 40 = 26
c. ZWEL, KINERRII, LEALDIFENFE,
BB . hh, B CWRFTAL PR
M7 R A A e i, (HE S IREEL 3 Ik
NH. SERESREOR, S5 1A, 5k 2 #55R
(P4 B % B e B SR BRI, 4 PSR R B 2 R v
(K 1b).
22 HMEUSHRHMEENHE
22,1 A[FEREEAA R, ER A PR LR
S AP TG R I R, AN ) S8 2 1 R
WBOEREITINRBUY AR —REEEBE RN
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e 0] 58 ARG IR AR AL B IR, WIFR AT 2 IR
5 T ARAE S AR IR ORI E A, L)
K747 BME!"), DMEM!", Neurobasal &, A&
WS AE 4 PRI, CON XT3 24 IRIK
JERR B YA B, 15972 9 DIV (days in vitro)
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[l & PERE FR L), “Neurobasal +B27 K5 773L” Al
“HrBCH BME BiFR I 4+ ARG S 4k e IR
24 h, RIS )1 SRS BME K5 3R 35E h AH LL A
HASFFEBE B (B 2a, XJHEAL), oAbl “Hr
Bl BME £5 7238+ i 2 il 4l PR 2. %)
Moty E RV, 4R BME B R 1) CGN
X T8 2 TR AR B 78 4K 1R ) Y e R, O T A
BME+IfiLiF 7 K R IKZ, “Neurobasal+B27” Fil
Locke's Y& Il A4 58 () Wi B 32 452 95 (& 2a). I,
S S5 HR IR AR APE BME 55 7R354 A AL
222 RAMEFRIS M. 5 HIAE 6~ 7 DIV,
7~8 DIVIS, 9~ 10 DIVIZH £ 14~ 21 DIV
[ RF R AP 28 o iy PR E RN, 22 AR K.
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Fig. 2 Cell viability with excitotoxic stimulation

(a) The sensitivity of CGN to glutamate was different among conditional BME, new BME with new serum, Locke's solution and Neurobasal with B27

supplement. Cell viability was normalized to the control group in conditional BME. m—m: Conditional BME; ¢—e: New BME; A—A : Locke's;e—e:

Neurobasal. (b) The sensitivity of CGN cultured for different time to glutamate stimulation. (¢) Dose (4) and time (B)-dependent responses of CGN to
glutamate stimulation. In Figure b and ¢, CGN was used at 9 DIV. In Figure b and c-B, CGN was treated with 100 pmol/L glutamate. In all experiments,

cell viability was detected with MTT assay 24 h after glutamate treatment (except c-B, detected at the indicated time), and all experiments were repeated

for more than 3 times. **P < 0.01 by student's ¢-test.
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CGN X B2 JREEA AN, 8 DIV I 7] WL /b V4
PRI A5 R A LT AT, (E S R b e
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CGN, 2 P55 11 Bl A 2 2 R ok T2 1) T v i 484
5, 100 wmol/L 73 2 MR ¥ 24 h J& B 40 Ui
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2.3 FHMHIREMEERRE

231 LDH B 1544k, BB,
CGN Mafise b Bg @i F i, Ko FAEbE s 7 Wi
SRR, B BN R AE. Mok LDH
BRE M sh, AN 5 40 At TR B O L.
TE A I A 2R U 1Y) LDH BRI BN ) 2= AR A,
RIAE 20~24 h By, 400 LDH [KRE80A 21 T g
(K 3a).

232 MBASETIL. AERDREWE T, Mt
IR R A IRZ AR EIE N, A TAER A Fura
2-AM PREF W DA 2R A0 1) L o 5 3 1 it 4k
Bl 3b W, AR O P A 2T
PUER— AN, TS 45 B IR BEIR M T I, R4
20 min Ji7 Jf PN RS B R R TR R T R O A R AL
JE, BRI “ AT (REE AR L.

2.3.3 MK-801 I/EM. MK-801 +& NMDA 3244 [¢)
RS e A, ks 2ox, 10 pmol/L
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Fig. 3 Validation of the optimized excitotoxic model

(a) Time course of LDH release after glutamate exposure. (b) The dynamics of intracellular calcium after excitotoxic treatment. Glutamate was added

at the time indicated with arrow after a short-time baseline detection. The calcium curve was calculated from data of more than 7 individual cells.

(c) Effect of MK-801 (10 wmol/L) on excitotoxicity induced by glutamate(100 wmol/L). Cell viability was tested 24 h after glutamate exposure with

MTT assay. (d) c-fos mRNA detected at the indicated time after insult as fold of the untreatment. In all experiment, CGN were cultured for 9 days in

vitro before being treated by 100 pmol/L glutamate, and all experiments were repeated for more than 3 times. **P <0.01 by student's ¢-test.
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MK-801 A5 I AT & A0 M 30k, (HAE 5 i
FEAIK 100 pumol/LAF ZA MR 5| & 1) A 48 2% oy PR3 1k
Bk o #3495 (& 3c).

234 c-fos mRNA B2, BERRNBS cfos
mRNA & Ik I T 5 J5 FARE 2 vk T e X 43
AT PR S T R AE PR SR BRR. AHIFSR
S 2 PCR VAR I CON 7% g P2 Ml R i)
c-fos mRNA F 8424, 451 Eox, 100 wmol/L4+
FIRMHE 1. 2. 3. 4. 6h, T H c-fos mMRNA
(0 FF 2 1 B s K, Horh, 4 h 1 eofos
mRNA 7 5 =1 (& 3d).

3 it it

TN UR AT 28 TG IR A3 2R DS Ao 1 R AR Y
T RGN R A 22 T B IR A L Ay A
PERPERAT . B PERR S EFR bR AR T = AN LK
.

3.1 HWETHIEFIAT

RIE CGN 2B KR AR 265 T i 01
NiPE, BSRRGFRMAG A KIS WG A%
IR AT R AL BRI A B A £ T
AR AT PRSI Y, AL AP I, 4
SR AE R (] 1a), X FPARZS ) CGN 55 7% 21 Fiil {1
IS ) DG 25 1 12 % Ao PR 3 PR B R 45 ). R
B, WREE T 50 mg/L (1) PLL BE S 4F (1A 4%
RO IEHELRE AR 2 M A3 s, PR ETE
A I X AN S B IR TR, T DR
I “fudl - kT - k7 MRS, R Rt CGN
IR BRELG SR NN %, B B AT, SR
1M, FREEH A B A 3 Z =R P I . U
T3 A AR B Joefy, S K AL R), R
DNase [ A I 5 04 16 40 1 3 5 1) DNA gii%g. it
Ab, RTINS AR TR RN
AT /> 22 UK ).

3.2 HEMHEMERIMIAT

A T FIH CON 247w BT 78 i 08 47
PE 50 1 40 M 23 1L, ZEORREIE 1 B R
(50%~ 60% 1 41 A7 TG %), E R BETE Ko, ik
FISZIG B I, 7 B X AR 1 SRR A
T G AR TOR AR TR TR DL K A& I 2 R
W,

AW R, 55355 9 DIV 1) CGN 41 lu AN FL
e AN ) B 28 MR B SE A B R, A
2338 AN [R)RE B2 16 48 i 46 T2 (18] 2a, Control 4H).

9 DIV [IFHZETC AN REVR DT SE I, 75 ) 25 g B 4
M 2 6T (B 2a, B BME 41), J5is o] g 2 5 i
MEPH T BN, HREEE LUE G 7
ML FEPER, ] Locke's 2525 0k, — A HIZ N
PR B A A 2 IR A ML 28T, o — 5 T T 9
DIV [{I#i£ 7T, Locke's ¥ 100 pmol/L % %4 1E A
R R py PRI R R A S (50% /e A7), T
“Neurobasal+B27” 774, MMk g nl Ll
B, (HJE T B27 S s P A AR
P U M3E AR IR, DRI ] RS R AR B 3
Z 5N FAT R AT SR,
B2 2] Neurobasal 55573 H 5 A5 45 iy v BE 1) -
IOt 2 2 (260 pumol/L), o FEHE 6 il A 48 J0 0t 1k
Mo PEREER. IR RARHE TN, ORI
FAY A FLIE B 20 0 A K I e o 4 e B
FRHE, DR RE IR A2 1Y DMEM K 97 36 0 AN &
R 1 HLAT W98 3 W1 75 1 43 # (1) DMEM. A
“Neurobasal+B27” 5% H 4l & TC AN F¥ 5y 175 )
wrPEEEE, AR EAARSNE IR 2~ 3 JEIN ) IF AR
TR PRI A PR S L TR A REASIN 21 351 AR 0,

CGN X2 A M Bk 1) S W 5 5 T 8% 3 i (1)
VR BRI B LB OCI . B A AR A1 4% 3 B[] 1) 4iE
Ko, CGN XS T~ Hil B 1 S vk 328 3 1 n (€] 2b).
FLFRIN T L R CGN, - 5842 T2 B 100 pumol/L
BRI Rz, HFRpEK g, %
TR U B i, L A SRR R AR A S 0 G
SANHEAET. DRGSR 0] 2y 1 B 1 i N 3 24 (fF
T 50%~ 60%) ] 9 DIV Aift 28 S0 A0 be 5 A i
(1 2b, 2¢-A). T FSFRIA E 5%, 23 2 M ik
JER S, CGN XarPEsEthlm 2. SEit 4 R IR,
7t 100 pmol/LA Z 1R R4 14, 40 I i) £73%
RIEH(E 2c-A), WEA TR AL RPN T
RN DI AN i

X T CGN Ay P 2 AR 2 (10 A D0 I ] SR AR 4
WEFCH BISRAE . 75 2R R ik ) 24 h )5,
i BTG ) N BRI S T AR e, BRIk 24 h 2 AR DU 4N
PTE A ) A I ). LA (4 R0 BT [ 7 AR A %o
GARIGN . ARSI A P A A S A A T Y 7
Je BUEFC %5 A c-fos mRINA )25 58 I S 7 3] %
J5 0~ 6 h PSRN [ BCEURE A A 5 25 PRI A
SHE, AR L P AR AR SO Y R BT
FERWYY, AT AR JS B4 A SE AT I 18 IRiE
RSO0, AR T A 3 e N2 S R 2 A M EE
100 pmol/L 7% % IR I ¥ 24 h Ji5 40 M v% 1 A& e 7
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60% /e A7 (B AR HY). KA. ISR RE], LG s PR AR YRR

3.3 HEUEMEHIART

T BT SR FR PR UE B 40 M 56 T LB
WA RN, B RIRN AT T I %
v P Ao 20 T A 8 M TS R T IO R B Mk (2 B
J& NMDA 324%), 3 &1 Mg Em. i
NMDA 52 /R 5 P 90 11 751 MK-801 45 %% B A% 85 1k
T (K] 3¢), REMEUEW] /3 51tk 25 1 Il R
PE. SRR M S 55 FIR B AR Lt e Moy
PEREME R A KB bR . RIS, BTN
W, WP TR, (SR AE M T “ b L
T PR BRI R P E R, L T P
PR BE, SR BEE B 2 BRI RR S, B I
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Optimization of a Glutamate Excitotoxicity Model
in Cultured Cerebellar Granule Neurons®

WANG Tie-Peng"?, ZHANG Ting", CHEN Chang?”
(" Shihezi University School of Medicine, Shihezi 832002, China; ? Institute of Biophysics, The Chinese Academy of Sciences, Beijing 100101, China)

Abstract Glutamate excitotoxicity of cerebellar granule neurons (CGN) is often used as a model for studying the
pathogenesis of acute, chronic neurodegenerative diseases and inflammation-induced neurological diseases.
However, reports of culture methods for CGN and conditions for their stimulation vary considerably, making it
difficult to compare reports from different laboratories. Here, we compare different methods and optimize the
model as follows: Culture plates were coated overnight at room temperature with Poly-L-lysine at a concentration
of over 50 mg/L. Cerebellum tissues were then shredded and digested with trypsin (0.025%) for 15 min at 37°C
with shaking in the presence of DNase [ to eliminate DNA released from broken cells. In order to remove
impurities and cell debris, samples were centrifuged respectively after tissue shredding, digestion and mechanical
dispersion. Samples were then homogenized by pipetting and allowed to settle three times to increase the yield of
CGN. Best results were achieved when settling time was extended to 15 min before collecting the supernatant cells.
Conditional BME was used as the culture medium since our data showed that CGNs are more sensitive to
glutamate in conditioned than in fresh BME, neurobasal medium or Locke's buffer. Cells cultured for 9 DIV (days
in vitro) were treated with 100 wmol/L glutamate to generate moderate excitotoxicity. The model was validated by
examining intracellular calcium dynamics and c-fos expression. Results show that this method is stable and
reproducible and may be helpful for researchers using the excitotoxicity model to study neuropathological

processes.
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