St IR B 28 A 2019 4E 7 HEE 37 5% 7 ¥ Chin J Exp Ophthalmol, July 2019, Vol.37 ,No.7 - 501 -

YT

ENE7) XTJ&@E@%WJUM%&F 17 X
N-H 3 -D- R 28 G iR 52 44 IV 5 1 52 i)

T ME EARE

LWAESF—ERRF(LAAEFHAFR) LAERAMLT HRFRAE-LAARHZEER
F%E FHBRAER,FH 266071

BAEAEE g4 F  Email : hqgong01 @163. com

(HE] B W5 F A8 (EE) XSG S i 5 IR 56 320 25 M55 9 K R 2 17 K N-H JE-D-X
A SR (NMDA ) 52 {7 3 2A (NMDA-NR2A ) il NMDA-NR2B % (4 /K /9 % 0, 353 EE X 55 0030 iz 2 2¢ fh ]
MR, ik BUHAEE 2 AR Wistar K 80 K, #i BRBE ML B 3 1k 40 M 1E % X R A 2 36 4
S AL S N AT A MR IS 5% 4, VR S0 R 56 % 25 (MD) S50 HL , 45 H % i e BB LB 3R 1
SEH A KBS 55 A AR HERR R4 (SE 40) il EE 40, v SE 20 F1 EE 41 F 46 H BB T A AR G . 60 .75
F105 H I £ 203 HOR B, 4 BRI S 1T 22 38 F SO IR E 1, BY 0 T S0 oty S, BBCZE M Rl 0 B2 J2 17 X
R F 0 ARG — AP 2T 4% 0 LS RN K2 2 17 X0 43 )22, 01 SR FH G 8 A1 04 2% 125 A TN 7 G 5 0 15 AN [ el 300 4 41
KB NMDA-NR2A 1 NMDA-NR2B 1) 8 [ 76 KM 00 J )22 P i) 43 7 ) 3% o 13 A Image-Pro plus 6.0 43 47 4K {4
Xof S5 7 A= (9 B SR P AT SR ROG B (A) (A . R ;‘caaﬁunﬁ%ﬁTvﬁ)% 17 X ¥ 0] Il NMDA-
NR2A il NMDA-NR2B % (& [H 4 41 il , 22 2 [RE sl B0 , 200 T A M . 60.75 F1 105 H % %5 241 K B J
JZ 17 X NMDA-NR2A 35 MUK HL 5, 22 5 0 G i1 253 L (35 P<0.05) 45 B[] 23 55 041 BH 1 400 i 4 1E 3
NEZ1 /D s EE 2] PH P 40 ff 558 15 5 X BE 41 /0 ﬁﬁ%fﬁﬂg EE 4] 60.75 f1 105 H % NMDA-NR2A K iE# SE 4114
SR E IR A B BNE X A KT, 2R AGRITFE L (B P<0.05), 60,75 F1 105 H % 4 KR EL)Z 17 X
NMDA-NR2B ik SR L3, 22 R 39 °A o vt 2% 8 L (3 P<0.05) o 45 Hif [ 50 55 A0 4 BF 4 4 i 5 0F 8 X BR 4 22
60 H % EE 21 BHM: 40 it 48 1E % X IR 41 £ ,75 H#$H1 105 H & FIE & % IB40 85395 . EE 41 60 H #% NMDA-NR2B
FEARL B 2 I B3R SE ALW 55 , (H I A 3k B 1E B 4 JALUKSF , 22 R S8 L (3 P<0.05), EE41 75 H
#4 #1105 H # 5 NMDA-NA2B 2k 54 SE 4108055 , 5 1E 8% X Al b #%, 2 57 i’méﬁxl X (¥ P>0.05),
g %Aju?\éfcﬂﬁTﬂrinEﬁfﬂD%AJ KB A LT, Hfﬂé%ﬁ%ﬂZFMm%%ﬂ’JT@ PEAT SR AETE

YR —Fp AR 2 AR F 7 3, EE Bl i Bt 2 NMDA-NR2A il NMDA-NR2B 7£ 0 7 J22 v (1 % 7 (5 B 45 55 40
KR AT S MR DL ALK R

[RER] B, MLZE; Kk, FEHE; N-PRE-D-RLARZIK

DOI:10. 3760/ cma. j. issn. 2095-0160.2019. 07. 002

Effects of enriched environment on the subunits N-mehyl-D-aspartate receptors at the 17th area of the visual
cortex in adult amblyopia rats
Wan Xiaomei,Gong Huaqing
Qingdao Eye Hospital ,State Key Laboratory Cultivation Base ,Shandong Provinical Key Laboratory of Ophthalmology,
Shandong Eye Institute, Shandong First Medical University & Shandong Academy of Medical Sciences, Qingdao
266071 ,China
Corresponding author; Gong Huaqing ,Email : hqgong01 @163. com

[ Abstract] Objective To explore the effect of enriched environment on the level of NR2A and NR2B
subunits of N-mehyl-D-aspartate (NMDA) receptors which belong to glutamate receptors with excitability at the 17th
area of the visual cortex in amblyopia rats after the critical period, and to understand the possible mechanism of
synaptic plasticity of the visual cortex in adult amblyopia rats. =~ Methods Eighty Wistar rats were divided into

normal group and experimental group by random number table. Right eyelids of all rats were sutured through the whole
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critical period in order to establish monocular deprivation ( MD) amblyopia model. The rats in experimental group
were divided into the amblyopia group,standard environment (SE) group and environmental enrichment (EE) group
on P45 in random. The sutured right eyelids were opened on P46 in the SE group and EE group. All rats were
sacrificed to get the 17th area of the left visual cortex on P60,P75 and P105. Three rats were used at different time
points from each group. The [ -VI layers of the visual cortex area 17 were observed by using hematoxylin-eosin
staining. The expression of NMDA-NR2A and NMDA-NR2B was detected by immunohistochemistry. Integrated optical
density of NMDA-NR2A and NMDA-NR2B was detected by using special image analysis software ( Image-Pro Plus
6.0). The use of animals complied with Regulation on the Managenment Experimental Ainimals from Shandong Eye
Institute and Association for Research in Vision and Ophthalmology (ARVO).
NMDA-NR2A and NMDA-NR2B were observed in the visual cortex. The positive cells were mostly round or elliptical
and mainly expressed in cell membrane. The expression of NMDA-NR2A in P60,P75 and P105 from four groups had

Results The positive expression of

statistical differences (all at P<0.05). There were less positive cells in amblyopia group and EE group than normal
control group on P60, P75 and P105, while there were more positive cells in EE group than amblyopia group.
Amblyopia can lead to reduced NMDA-NR2A expression in the visual cortex. The expression of NMDA-NR2A was
stronger than that in the amblyopia group by intervention 15 days,30 days,and 60 days with the rich environments, but
did not reach the normal level (all at P<0.05). The expression of NMDA-NR2B in P60, P75 and P105 from four
groups also had statistical difference (all at P<0.05). There were more positive cells in amblyopia group than those in
normal control group on P60,P75 and P105. There were more positive cells in EE group than normal control group on
P60, while there were equal positive cells in EE group and normal control group on P75 and P105. Amblyopia can lead
to increase NMDA-NR2B expression in the visual cortex. The expression of NMDA-NR2B was weaker than that in the
amblyopia group by intervention 15 days with the rich environments, but did not reach the normal level (all at P<
0.05). The expression of NMDA-NR2B after intervention 30 days and 60 days reached the normal levels (all at P>
0.05).
period of visual development. EE, as a non-invasion method,can improve and recover the synaptic plasticity in visual

cortex of adult rats by the expression of NMDA-NR2A and NMDA-NR2B.

Conclusions The plasticity of visual cortex exists not only in the critical period but also after the critical

[Key words]
DOI:10.3760/cma. j. issn. 2095-0160.2019. 07. 002

Amblyopia; Visual cortex; Synapse; Enriched environment; N-mehyl-D-aspartate receptors

S EUR AT, HJC I A 4 i XUIR
MINRE , 25 5 I R BE 1 i 4H o BE R A 2 i 3k 20
AT KCOF B4R L IR T L ZE L) O A DA 4B 58
R 43 55 90 L B 7 56 B ) LA i A5 200K 0ff 150 % L 3 25 1
PRGN GRFIRIT o W T KR KX, 9T
e N B R AR B9 5, 55 90 R 78 O B 3 DL gk
£ 0 AL FIIRST , TR 1R G ST AL, 8 B0 55 2 40
BRSNS FNG FL 3l W) 35 3T AR, L8 AR ¢
]I AL PR, X TR O3 5 AR R AR R
097 o JLHAER  XF T4 B 2 ] SR i F 5T 8 A0 T e
WF5E 2 W, N-H £-D-K & & 2 ( N-mehyl-D-aspartate ,
NMDA ) 32 A 7E R K J22 5 fi v] 93 1 v e o 24, O B
WiJ5 NMDA 32 & ) 68 () T I 7T fg 2 3 S0 o ] 98 1
MELLIK E R | B K. S E 5655 (environmental
enrichment, EE) fEh —F AR AT WA, W &
FARHERFR A KB MR E . RKH,
KR FEE T EE Niff & XML ur) I, EE &
A5 AR R Ul 28 T 1A 1 A B bR VE PR B
( standard environment,SE) | K [l £ 4 1%[2: o AW

XERLGE T O HE A B AR 55 R b 4T EE T,
I A e Ak 2 1 0 R R B J= 17 X 1) NMDA 52
PRAEATASIN , X A0 e 77 5% B 3 i 1) 5 gk w28 4 L o
PEAT T

1 MRS

1.1 K
111 SEsegh¥y e Hor e {g BRSAE Wistar KR 10
X (& T 25 WA 56 Ir S 56 3l ) v s ), PR 5T i 29300 g,
PEATAE L o REAR SR 2 SR B R I IR 2l B 80 L, Fic IR
BB 3R 10000 TR 6 BRAL RIS 30 4 o T A K B Al
Fr T I AR A IR B} 22 i 2 30 = 1 A A A At [l K i A S
B3 B A S0 S Wy b, SR 18 A A 35 A
B AR B BF 5 ¥ 4> ( Association for Research in Vision
and Ophthalmology , ARVO) 3¢ F £ L %€ il Hi B #F 5
Y E S LE .

VIR Ja AR IR Y 2 Ji] i Wistar KB 80 H, #% if
BEHLEC T 05 70 O IE # X BRAL (20 H) F1S2 56 41 (60
H) o TE R BRAE R B 43 0] 4] 77 28 60 .75 F1 105 H i



FpAE ST BS R RE 24 7 2019 4E 7 A4S 37 %45 7 1 Chin J Exp Ophthalmol , July 2019, Vol. 37 ,No. 7 - 503 -

IfIORE o S 2H 7 R A OC B 0T P 4% 5 A 0 IR, A
BRI 3 3] %5 ( monocular deprivation, MD ) 55 ¥ 3} ) 45
BT 45 I BEATLAE 55 40K BLor 55 AL 4 SE 4 A
EE 2. S50 K BUR 35 16 R 48 15 & 60,75 1 105 H
Wb . SE AR BT 46 H T IT 4% & 1 45 IR I 1) F%
T SE % 60.75 F1 105 HIEHH ., EE 4K T 46 H i
I8 A W A4 IR 5= F EE £ 60,75 #1105 H #% HL
Mo BRI E] A3 R IR ML R JR 17 X
1.1.2 F8EH 2 AUgs Aok NMDA-NR2A £ 3¢
BEL 1A | %ok # NMDA-NR2B £ v [ Hi 4 . B ] Y
SABC #u iz H 24k 2 g 370 & (U - fE A 9 T
FEABR A W)) s DAB W 635 50) & (R M 5 A= ) BRI
RABRA T ) 5 #h R 8K B 13 4 ¥ (100 mg/ml) |5 R
SN ETE B (50 mg/ml) (b AR F ] 2547 R A A
BTGy H8 0. 5% /K L IR % MR R (36 [ Alcon 2] ) 5
i 43 450 0. 3% Y IR (LA H 2 ) . F
AR (TR Zeiss 2 7)) s 3 AKE LA CZBOE R4
YL AR B A A FRA W), VI T8 C) s A s U0 #L (36
Thermo 23w ) s 7% BB ( H A Nikon 22 7]) 5 i3k
BT B A A LB BT IR A BT (RN RN B Y
a A BR A A 56-0 AT W48 2k (L[ Alcon 23 H]) o
1.2

1.2.1 MDD S5 R p I /F 4% /120 mg/kg 1Y 5
i, SR ST TR RO ST R TR B RO BRI N T A,
0. 5% Fz /K SR IR VA AR o RIS 6 R0 TH 75, BT BRI
2 LN S AN I s T S S A 2
1 mm 1) Bz ik, I 6-0 AT W g 4 2k X6 R 16 47 43 )23 X A7 4
o MMARBRBYAHRF AR, R5ERAREERD R
R 707 e e, K A 4B AR 2 S VR o A0 A BV M
G

1.2.2 SE 5 EE ik ® SE 2R E Z br i 55 5 5l
IR EEEOR I E, A TR 35 emx25 emx20 cm, N
2 ~4 LR, B ABALMT YR, A #EA7AETIE H
T8, EE &2 M Mora % 97 3%, R FI4LAE 1.5 mm
2z WA S B T, B FH S 120 emx 100 cmx 60 ecm , N &
8 ~12 K[, Wit fL4E 3 mm {22 Wi 5 14 F 5 Fingt
Yo ANFER/NFIBE 2K A DB R 8 B BT R
e BB MIRK T 45, ELEE A S48 N R A RS
1.2.3 b BRARARY AL HE B 4% 2H 60 .75 F1 105 H
B OB B BRI N AT B i K 4% 22 3 L DR
T, AR S AT FUE . RS
SRCE TULE 1AL C SR E LA B, 2 BROR BUG 7 A
SE AL AU i B 2 171X K BT Y K i
MR 1T TN 4% 22 5 W vh [ 2 24 ~48 h it

K b g JE T H v R P [ E 24 b, bR PR 30 min, R
[Fi) Jot 2t 43 B0 C WA BE K B IR T B W I & R
30 min, A48 T (5549 ~53 °C/30 min) A8 1T (45 &
58 ~60 C/1h) 2o LM, WHll5 &AL %L
4 pwmJE5EARY) R, BTG 40 BIAT IR AR - 20 e €5 F0
o JE Uk 2 A
1.2.4 WMERZE 17T KRR -rafeea B
(60 °C/60 min) HHCH B R, 0 ) B T RS R 1 L
WL 0 R T P 45 =3 15 ming, TEOK S AR R B
95% LT \75% L W4 B30 s, 15 K EEE 2 3, 75 K
F Y0 10 min, K Pk 2 6, ALY (S 1 min, K PE 1 3,
75% F1 95% L FEA- RIS s, oK L FER 120 s, ik
BB R, 62 BB N L 2 17 K2
1.2.5 Gkl 2 17 [X NMDA-NR2A
I NMDA-NR2B ) & 11 & i85 M ¥ 46 (60 C/
60 min) F R 37 5, 4 0K B TR R DL
WO 6B T 4% B3 15 min JIi 0% 5 K & B
95% LT T5% £ T N & =1 3 min i K 5 28 18 7K Uk
3 min;0. 02 wmol/L PBS it & )& F1 4 %t 3% it 4k
A, %R 10 min K3 4 I P i ;0. 02 wmol /L PBS ¥ 3
W, BIR 3 ming EDTA AT HUEAE &, OB i # 2
W IS T, R 2 WK, [ 5 ~ 10 min, 0. 02 pmol/L
PBS ¥k 3 WK, BK 3 min; i Il 5% BSA & MW, % i
WEE 20 min, F5 BR 2 4% WM T 0 S TR B NMDA-
NR2A HiA  H$Ht K B, NMDA-NR2B Hii& (1 : 100, —
Fi) ,4 CHEH LK o 0.02 pwmol/L PBS ¥k 3 &, HIK
3min; A R FEH R G, ZIRTHF
20 min,0. 02 pmol/L PBS Y% 3 ¥k, 43 ¥ 3 min; Ji fil
ik 77 SABC, ZE i F#¥H 30 min,0. 02 pmol/L PBS ¥t
4 YK, BRI 5 min g i 0T B FC ) 9 DAB, 6 2E BB T
2% 2 o) S € TsF ) R P 400 R A R € K R Uk I
L5 M, K W], A AR I o B M X R
EH MG P E, HAb P R . R T NIS-
Elements F2.30 I i 14 & 4 R % KL, B R K BAE
=ZHC3 Y i, 2R Image-Pro Plus 6. 0 %44 % 3% 4&
(R T R AT O o, A SR T IROK B (A) 2R 7 BH A RN
a7/
1.3 Gtk

K SPSS 16. 0 4t it 22 & f4F ( 2 [ IBM SPSS
A AT ST BT . AT T R BRI R WO
I A IESA A, DL mean+SD FoR o X & 40 A A B
[E] 509 NR2A F1 NR2B (1 4 3k H AR HTP R R 43 22 93
Br, 4L 1) Y R L8R T Tukey #2360 . P<0.05 425 74
Gt E X



. 504 - rpAE S I IR R 28 75 2019 4F 7 A48 37 %% 7 #  Chin J Exp Ophthalmol , July 2019, Vol. 37 ,No. 7

2 #R

2.1 EHRKBRWEZNHLAEFTRA

ARG -G e g5 R WoR , K 2 17 XA
R6 REE 12 N0 T2, # AR 5 55 112 R Ak SR
ORLJZ | AT DL R et U 200 i A R /INHE (4 200 Jif 5 55 T2 Oy T g
A1 (R 4 L2 T DR, S TR0 /N AR 40 e 40 5 5 1V )22
S N B2, AT O A I BL AR AN, 22 B0 B OIR A0 i
55V Z 0 POME R 40 i )2, AT D o 78 R R ME 1A 20 g L
PN FATHI AR, SEVIZ AT AIMZ, & K&
MY 40 M LA e /0 i AR A A% AT R i (1 1) .
2.2 R[FH W& 4K Bl NMDA-NR2A 7E L 5% 2 H (1)
Rk

HoF WA T n] UL NMDA-NR2A (1 BH 1 S5 R ™= 4
AR A SR EUIURR L 2 17 XA WL NMDA-
NR2A Yo fo BH A4 20 i, BH 1 40 it 22 52 80 0% sl A (R |, 3=
BN TR R . 60 .75 F1 105 H IR &40 K R 2 17
X NMDA-NR2A ik Bk, 22 R A G F X
(Fo=727.896,P=0.000; F,,, = 12.447, P =0.000;
Foupy=17.971,P=0.000) ., NMDA-NR2A 7£ i J¥ J2 v R e SR B
BT~ T2 V2RV ~ VUREIA ik, i R S
AL NMDA-NR2A 2R D (0 RSB AT IR —— ﬁgﬁﬁ lmﬁ(HE) AT T—
FIEE 41018 W59, 9 580 % B (P o i o G4 72 AR AR 0396
0.05) ; [f]—HF ] A5 EE 41 NMDA-NR2A 7680 52 2 v i B HETR AN 2 TG A (x100) B AN UKL JZ 51 i 1 20
ik SE 4L, E B A G % E X (¥ P< )2 AT R 200 R R /N AR B AR 4T (x400)  C o BRI, AT

. ‘ - T o UL SR BRI, 2 B0 AR AL (x400) - D IR & K
0.05) ; [F] —Fa] i EE 21 4 1F # 0 MR 20 ook 55 , 22 57 23 P 200 A ik 52905 40 %7809 41 0 ( x400)

A E X (¥ P<0.05) (K2 ~4,% 1),

El2 60 H#&HKR NMDA-NR2A B B REHLLB (DAB x100, H3 R =100 pum) A IEH %F B L ] UL R0 sl A 52 D82 BH I 200 L, S22 A% 2 0 i R
WURLAR B 55 A0 ZH FH PR 20 M IE R X IR ZH > CLSE A FHPEAN AL EE 4/ D.EE 20 PR B E B AT IRA D B SE 4 S HZ B3 75
B¢ & AKX R NMDA-NR2A FE B RE LB (DAB x100,H3 R=100 wm) A : TE 5 05 I8 2L nT UL [5 78 SO 94 902 BH P 40 M, 52 A 260 0 0 IR 0 AR
B : 55 00 2 FH P 20 M0 5 0E R %) B2 C.SE 1P RN M % EE 412> D.EE 21 FH M40 M8 1 % B2 /20, 8 SE 41 5542 B4 105 Big
NMDA-NR2A E B FRIAKFEL (DAB x100, 55 R =100 wm) A JEF X B 0] 0L 2 (50 T sl #8002 P 40 D, 228 4 08 (8 RO SUBDREIR B S L
HBITE L BE R A > C.SE PHTEAE NS EE 2070 D EE 41 R4 Mg Bk 3 X IR 2 /b B SE 4 e 2




tp A SIS IR R 2 75 2019 4FE 7 A4S 37 %% 7 #1  Chin J Exp Ophthalmol , July 2019, Vol. 37 ,No. 7 . 505 -

*1 ZFAXRAEBHUEE 17 X NMDA-NR2A
Rk kB (mean+SD ,A)

205 FEAR 60 0 75 Bk 105 H i

1E % AR 2 3 172.81£2.45  162.75%6.83  162.58+2.46
EER R 3 83.98+3.48™  83.02+3.10"  83.56+4.66™
SE 41 3 85.81+4.83"  81.87£5.93"  85.1945.01°
EE 41 3 95.11+2.09* 100.56+2. 55" 130.88+5.11*

‘EE:Fﬁzﬁ =727.896, P =0.000; Fyg =12.447,P =0.000; F gy =
17.971,P=0.000 54 [ i [f] 15 1F 5 6F BE2H B L2, * P<0. 055 545 1
it 5 SE 41 Ho e, " P<0. 05 5 %% A B il £ EE 41 H A, ©P<0. 05 (# [
ZJF#EIMHT, Tukey %) NMDA : N-F 3-D-K & (2 ; NR2A ; N-Fl 3
D- R4S Z AR 2A WAL s SE AR HEFR L BE : F 5 3R 55

2.3 A H #4540 K Bl NMDA-NR2B 7E 40 J J2 v 3%
KA R

2 B T AT W NMDA-NR2B (¥ B4 520 7= 4
SR O RCRBUBURLR , L 2 17 X H0] JL NMDA-
NR2B 4 {2 BH 14 241 it , BH 1 40 i 2 52 [ 0% s [ | 32
BT . 60 .75 F1 105 H A 4541 K R K2 17
X NMDA-NR2B £ ik Bk L, Z 5 A Gt & X

(Foy=713.943,P=0.000; F,, =7.128, P =0.004;

Forpp=7.316,P=0.000) ﬂ—ﬁa‘l‘sﬂ,ﬁ%%méﬂf&
I AL EE 1B B 3, 22 A Gt

(¥ P<0.05) , [a]—mf (0] 5 EE 4142 SE zﬂi%lt@aﬁﬁ,
ERAGIFE X (P<0.05), 60 HiE EE éﬂiﬁ?ﬂi?%"
X B RGO, 2 A G E A L (P<0.05)

H & #1105 H iy EE 40 F01E & % B4 e g, %#ﬂj%
Giit2E X (¥ P>0.05) (K5 ~7,%2).

x2 BAKXRRAEHBRMWERE 17 X NMDA-NR2B
Fix bk % (mean+SD ,A)

20 5 FEAR 60 A% 75 A% 105 Hi#t

1E X B 3 127.61+2.79  128.79+6.32  132.80x4.38
EEEE::Y 3 197.12+4.02* 196.09+2. 83" 194. 63+4.41™
SE £ 3 193.26+2.79"  192.28+3.90* 190.37+3.24"
EE 4 3 153.52+2. 74" 131.61£2.36" 136.44+4.56"

b Fliy =713.943, P =0.000; Fypy =7.128, P =0.004; Fpppm =
7.316,P=0.000 54 [ 0[] 4 1F 5 %5 B8 41 A H %, P<0. 055 5 4% 1
fit ] 45 SE 41 Ho 4, " P<0. 055 5 4% A B ] 15 EE 41 H 8, ©P<0. 05 (7 4
R LMD, Tukey KeBh)  NMDA:N-F 5E-D-K 4 &2 ; NR2B : N-F 3k
D-R A Z R Z K 2B W3 ; SE AR fE 3R B EE : =F & 3185

E5 60 Elﬁ"%éﬂjcmNMDANRZBEm&ZE:*B’JzE*ﬂ R (DAB x100, 45 R =100 wm) A 1E %5 B8 41 0] UL (3 9 ok i 0 % BH 0 40 G, 52 6
WO AR EBUBORCR B 3904 B 40 M A OE RO BRI EE 412 C.SE MMM EE4lEL  D.EE 4R IEF X EAL B6 175
H# & A AR NMDA-NR2B M EEHRHALFE R (DAB x100, b5 R =100 pm) A i1 % %t B 41 ] W B s B8 BH 4 40 0, 22 4% 3 60 sk
SUBURCAR B 55 LAL PR M A0 AR E R W B EE 412 C.SE MM Iu4k EE 412 D:.EE 41 P00 5 E % % 4l dzir B 7 105 Hih
£ A KR NMDA-NR2B ZE E E AL E R (DAB x100, #5 R =100 pm) A 1F 5 %t BR 4L A7 045 2% £, 0Dk i B0RE R (9 BRI 52 724, BH 4
i R AE S RIE B3 LA IE % X B 4UR EE 41 2R 8050, C.SE 4148 EE IRk D EE 41505 % % B4 % ik 15k

3 itig

TEH KRB ALSE & & 1f 72 o, 4 08 R 5 28 5 3t
[7 P 2 3 K IR WA B2 J2 5% fih o B RO AT BB R L AR IR TE
OB AR AT RS OC B A R L EAE MR IR 5, 4050
PEIE AR B S M T YR . MR R B B IR,
S L T 5 SO T RE IR, K BR E 0 R
J& AL R RT RIS IE R X — MU AR OGS 2 N LR

WS, T 5 B A0 ) 5 2R 8 4 T S PR AR 2% 1 L
SR 3 AR O 40 D S B I R K TR b R A
MLBE A T 1 SR B 0 A BEAT 35 MR Y . (HIE AR BT ST R
W 7 O ) LR R R T2 AT SR AT A — i 8 5 A b T 9

P, X P AT S M A — 2 A A B TR I DL R AR R B
g2 M o AR R AR AT RE B B T o

Bonaccorsi %[6] 8 o B 7 A R 2 ] B A
R R BRSO 27 > R ) R A2 A 55 I R B ) A



. 506 - thAE ST R AL 24k 2019 4E 7 A 45 37 %45 7 B Chin J Exp Ophthalmol , July 2019, Vol. 37 ,No. 7

B2 )2 T ¥4k . Bochner 457 BF 5% & B, R WL 3 Bz 2
bz T PR R, LT A BT PieB B 3 Rl A5 5 3%
SR o 20K I i) B ) 7 Ak B B4 B4 55 00K BB
AR kS B R & B, R 0.2 mg/ml R
P T /K8 000 55 A B 4 LB L% SR T 5 4 %
2 A T AT O R AE R UL 2 T S B OE )
2OV 1 0L 2 AR K RURL B 2 AT 08 P T O R
PTPo . #14: Ju J& B P 4% ¢ HF il 43 F N-cadherin F
B-catenin ¥ 3 1% 75 £ , iF ] 3 26 P T~ 11 2% 35 T BE 2 R
A B 2 T S VETEMOS O ALK . A ERTR N
S 1 A 55 A A BT M SO S T T R
f5 o MD 5590 3l 4 45070 TF 7 il L 3 9 K R L Bz J2 T
PRI e R R R R ORI R R S
14 d [ SRIGHRIT 86, 3 4 545 d' . Monter 25" 75 K
BUEJS 14 ~45 dPEA7 S0 0R 4% 4, B 16 TE 3% 3 25 59
PABIR TR A 2 SUBE ST, WL 3h W WL B 2 15 5 ok
B R T . MD 5 S SO R 2 i B R B
i, B AT P e R A ST 14 ~ 45 AR RL4E & 4 IR
6z , 1 A B E 56 SO0 PR O B3 L, 1 O B U (R
46 d) FT 747 DR B , 5 5 76 S [ W B 3 5, R ZE 0
ik B2 22 17 XA TR ST, ST T 9 F R B

BFSEUE B, EE 1] M2 21143 F 7K - 38 5 1 o A%
2 Z B TRE , TR 25 40 M PR AR 5 fil B N R 2
TR JEE 3 ol B MR AR A 2 £ 7 6 B 0 LT, 7 6 B 0 1A
J5 AT DL A 2 O B FE R DL e 5% i i R R
Mainardi %'/ BF 55 % W], EE B 38 5 A AE K B 28 fil 5%
JiE 3 5 kA A R TR R TR 4 A B 1 AR Ak
S S WAL J2 1 T 98P . Tognini 45 '°)SE B EE fig 34
A 55 A B P I A o 422 2 K PR AE )2 TR Y
Fiko WRRERB,EE fE N —FhAE R A7 =X, 18 ik %
HRK 2 2R 5 14 2 BB Y 3 R T e 2 MR TR R R R
TR, SR G RGN YRS OIS . HAT, o E
Z L AR PO ES R AR YE EE SR 1, HA XK EE
FISS R 5 R HRTAT TS/ . 590045 5% fih ml 9 LK R
L IS A BE X AT T 90, T 50 56 8 30 5 X 55
P B J2 0 52 . R R O B 309 & 1k i IR AR S
45 d, PRI TE K BUAE JG 946 AT TT 4% 4 10 BR 16K 620 31
R8T EE f SE T, T 60.75 #1105 H i B i 9 )2
217 K. ABFFEIEN S SE HEE, EE bl AR 5590k B
AR S A

PR 2 BAT 2 0 M, 3 AR T 2 A R
22 6] 0 S , T 36 o S 8 2 52 2 2 Pk o2 ko 40 1
TR B, X 6 57 A A B 55 B W R TR 2% A - 30
S5 L K G fil i AT # T O 24 M NMDA A2 R BA

HER T BN T, EM ALK S & A
2N, I RETE R NMDA 52K 22 /05 1 4~ NRI LA Al
1 4~ NR2 WP B4 . NR1 J& F I RE W A7, NR2 J& T i
WML 2 Ry AL [ Y NMDA Z R 5 )
fThaerEbE"™ . R NR2 W Af7 13 5 Tl 5
B YR TR 1 A R R 2 2 R AR I 3 1 A
i RE % B2 3 A 1) Th g, DT 5% 00 25 2 fih mT B A
WHoE & B, KE AL B JZ o NR2A 5 NR2B i & 5 B A=
KEB ML, 508K E ]8R I 5%
1k 7E I R) b LA — o AR A R Bk, R 2B J§ NR2A
1 NR2B Rk (1 & & P i A 25 5 0] G2 ok & & n 98
P 1) T By TR AE . BFSE & BL, NR2A/NR2B
A AE T R & Wah Y, AR AE T 0AE s, 3 il
290 R () NMDA 52 {4 20 B it 25 b 7T fE 2 5 91 1A
AR B YR R R S AT B R L B SE R B, X R AE
m 15 2 3h 4 oE A7 10 d B9 9 e 2 AT b W R 2
NR2A/2BHy H(H 22,

AT 57 45 B 5 %, NMDA-NR2A il NMDA-NR2B
FERCAEE W R B KR 17 X ¥ %k,
NMDA-NR2A £ B 4F 55 9 K B 3% 35 w55, 1M
NMDA-NR2B ) 3% ik & #7 ¥4 5%, Ui W] MD &
NMDA-NR2AFI NR2B Wy R X A E W R R, UEWH T
NR2A F1 NR2B .5 Av7 (14 45 1 0 H A 28 56 40 81 1 .
555 F SE 41 AH b, EE R 5% 19 K B NR2A (1) 3%
R R R IR . NR2B EML R Z
Fik 5 NR2A AR A TH], 76 55 90 K BB J2 b Rk
IEH KRR, 24 EE J5 R B S W . W&«
FZF  NR2A R 55 %, NR2B g ¥ & —&
ZAF T B AN B2 55 0 B, AT X 55 R0 K R NR2A Al
NA2B [y &3k = ol A

Quinlan %“ﬁﬁ”ﬁi%,%ﬁﬂ%ﬁ%)ﬁ@@iﬂ
Y1 NR2A/2B LU AE 7590 K 2 v 3R 8 A, i K O IR
J52 h,NR2A/2B FLAE T &, Ui W] NR2A/2B L {H 1 2
AR FLAT R 28 50 400 1 | T 40 4F B NR2A/2B H{E 1Y
AR 2l TRLAE B 25 51 NR2A 1 3 15080 59 S 3
IR WY, XF BUAE K B AT SR 1R 57 5, NR2A/2B [
HH#IE # T B, 1% T B 2 & NR2B [ 3 35 3% i for
P ARBEIEAE S R, MD ik BB B 2 19 NR2A
FER U5, NR2B [ 3 28 18 5 . AR 7T 45 UL W MD
Xof KRR J2 v NR2A I NR2B (%26 34 7] BE 5 %% 25 7]
FEATE o X B4R 55 0K R#E 1T EE 16 3% J5 = 80w
NR2A 345 Al NR2B 355 , 136 B 76 SC 4 I 5 — 8 Ak 1
N2 55 T 5 NR2A/2B LG fE Y Bl A ok 2 5
AR R B 2 AT 9 A 1) P8 T K A 44 56 K Y



St IR B 28 A 2019 4E 7 HEE 37 5% 7 ¥ Chin J Exp Ophthalmol, July 2019, Vol.37 ,No.7 - 507 -

AR TE AR R R AR AR AP AE

HAE R G0 1 AT BB A U7 78 T 58 K 7 1 K
B, HAE G 2 J5 M58 R 58 1 ] SBYETS SR A7 7E . EE
VB —FpAR R ANE 9 T 107 3%, BE L NMDA-NR2A
A1 NMDA-NR2B 2 15 fff JiC4F 55 9 K SR R B )= T 98 1k
LA KA
FlEEMR  BrA 1R & 275 WA AR 4 vh 5%

&% ik

[1] Lee C,Joo K,Kim MJ,et al. GluN2B-containing N-methyl-D-aspartate
receptors compensate for the inhibitory control of synaptic plasticity
during the early critical period in the rat visual cortex[ J].J Neurosci
Res,2015,93(9) :1405-1412. DOI:10. 1002/jnr. 23604.

[2] Kempermann G, Gast D, Gage FH. Neuroplasticity in old age: Sustained
fivefold induction of hippocampal neurogenesis by longterm environmental
enrichment[ J |. Ann Neurol,2002,1 : 135 -142. DOI; 10. 1002/ ana.
10262.

[3] Mora F, Segovia G, del Arco A. Aging, plasticity and environmental
enrichment ; structural changes and neurotransmitter dynamics in several
areas of the brain[ J]. Brain Res Rev,2007,55(1) :78-88. DOI:10.
1016/j. brainresrev. 2007. 03.011.

[4] PaxinosG, WatsonC. K Ui vz 74 52 i I 35 [ M ]. 3 pi. Jbat: AR L
A R 2005 2 112-120.

[5] Desai NS, Cudmore RH, Nelson SB, et al. Critical periods for
experience-dependent synaptic scaling in visual cortex[J]. Nat
Neurosci,2002,5 : 783-789. DOI:10. 1038/nn878.

[6] Bonaccorsi J,Berardi N, Sale A. Treatment of amblyopia in the adult;
insights from a new rodent model of visual perceptual learning[ J].
Front Neural Circuits,2014,8 : 82 -89. DOI. 10. 3389/fncir. 2014.
00082.

[7] Bochner DN,Sapp RW, Adelson JD, et al. Blocking PirB up-regulates
spines and functional synapses to unlock visual cortical plasticity and
facilitate recovery from amblyopia[ J]. Sci Transl Med,2014,6(258) :
258ral40. DOI.10. 1126/scitranslmed. 3010157.

[8] He HY, Ray B, Dennis K, et al. Experience-dependent recovery of
vision following chronic deprivation amblyopia[ J]. Nat Neurosci, 2007,
10:1134-1136. DOI:10. 1038/nn1965.

(9] Mo AR EE, 055, 2. SR T AL 5E vl A BE BT 5 38004 17 %0 BAR K

BRI B J2 BRI A v 9 4 3 2 1 P B O LR [ ] v A 2 IR
,2016,34(11) :965-970. DOI;10. 3760/ cma. j. issn. 2095-0160.
2016.11.002.
Xie LQ,Xu GX,Ni Y, et al. The effects of fluoxetine and its machanism
on the restores of visual cortex plasticity in the adult rats by visual
electrophysiological research [ J]. Chin J Exp Ophthalmol, 2016,
34(11) :965-970. DOI: 10. 3760/ cma. j. issn. 2095-0160. 2016. 11.
002.

(10T XEE ARG AE A, 2. BE PR R IR I 3 11 2 1R o 7 AT K BRI B
J2 AT B O G AR R R AE (D] P AR Sz IR R 2% 3K, 2013,
31(1):39-44.DOI:10.3760/cma. j. issn. 2095-0160.2013.01.010.
Liu H,Xu HW,Yu T, et al. Effect of protein tyrosine phosphatase o on

the reactivation of ocular dominance plasticity in the visual cortex of
adult rats[ J]. Chin J Exp Ophthalmol,2013,31(1) :39-44. DOI.10.
3760/ cma. j. issn. 2095-0160.2013.01.010.

[ 11 ] Pizzorusso T ,Medini P,Berardi N,et al. Reactivation of ocular dominance
plasticity in the adult visual cortex [ J]. Science, 2002, 298 (5596 ) :
1248-1251. DOI;10. 1126/science. 1072699.

[12]Rothblat LA, Schwartz ML, Kasdan PM. Monocular deprivation in the
rat;evidence for an age-related defect in visual behavior [ J]. Brain
Res,1978,158(2) :456-460. DOI;10. 1016/0006-8993 ( 78 ) 90689-3.

[13]Monter VM. Amblyopia decreases activation of the corticogeniculate
pathway and visual thalamic reticularis in attentive rats: a ~ focal
attention” hypothesis[ J ]. Neuroscience,1999,91(3) : 805-817.

[14]Heynen AJ, Yoon BJ, Liu CH, et al. Molecular mechanism for loss of
visual cortical responsiveness following brief monocular deprivation[ J].
Nat Neurosci,2003,6(8) :854-862. DOI:10. 1038/nn1100.

[ 15 ] Mainardi M, Landi S, Gianfranceschi L, et al. Environmental enrichment
potentiates thalamocortical transmission and plasticity in the adult rat
visual cortex[ J].J Neurosci Res,2010,88(14) :3048-3059. DOI:10.
1002/jnr. 22461. DOI:10. 1002/ jnr. 22461. DOT;10. 1002/ jnr. 22461.

[16]Tognini P, Manno I, Bonaccorsi J, et al. Environmental enrichment
promotes plasticity and visual acuity recovery in adult monocular
amblyopic rats[ J/OL]. PLoS One,2012,7 (4) : e34815[2017-12-03 ].
https://journals. plos. org/plosone/article? id = 10. 1371/journal.
pone. 0034815. DOI:10. 1371/journal. pone. 0034815.

[17]Beston BR, Jones DG, Murphy KM. Experience-dependent changes in
excitatory and inhibitory receptor subunit expression in visual cortex
[J]. Front Synaptic Neurosci,2010,2 :138-142. DOI:10. 3389/fnsyn.
2010.00138. DOI:10.3389/fnsyn. 2010. 00138.

[18]Cao Z, Liu L, Lickey M, et al. Virally mediated knock-down of NR2
subunits ipsilateral to the deprived eye blocks ocular dominance
plasticity[ J]. Exp Brain Res,2007,177 (1) : 64-77. DOI.10. 1007/
500221-006-0647-8.

[19] Yoshimura Y, Ohmura T, Komatsu Y. Two forms of synaptic plasticity
with distinct dependence on age, experience ,and NMDA receptor subtype
in rat visual cortex[ J].J Neurosci,2003,23(16) :6557-6666.

[20] F 5, WX HE DS NMDA 3Z (R W £ NR2A (NR2B 7£ 1E # K B K 2
kAR [T]. BB BF 58, 2008,26 (8) : 594 -597. DOI: 10.
3760/ cma. j. issn. 2095-0160.2008. 08.010.

Yu L, Zhao KX. Expression of NMDA receptor subunit NR2A and
NR2B in visual cortex of rats[ J]. Chin Ophthal Res,2008,26(8) :
594-597. DO0I1:10.3760/cma. j. issn. 2095-0160. 2008. 08.010.

[21]Kopp C, Longordo F“Luthi A. Experience-dependent changes in NMDA
receptor composition at mature central synapses [JJ Neuropharmacology,
2007,53(1) :1-9.DOI:10. 1016/j. neuropharm. 2007.03.014.

[22]He HY, Hodos W, Quinlan EM. Visual deprivation reactivates rapid
ocular dominance plasticity in adult visual cortex[ J]. ] Neurosci,2006 ,
26(11) :2951-2955. DOI:10. 1523/JNEUROSCI. 5554-05.2006.

[23]Quinlan EM, Philpot BD, Huganir RL, et al. Rapid, experience
dependent expression of synaptic NMDA receptors in visual cortex in

vivo[ J]. Nat Neurosci, 1999 ,2(4) :352-357. DOT. 10. 1038/7263.

(W fe H #1.2018-07-13 & 8] H #.:2019-05-18)

(A3 AL IH)

B - MR - R

AT xFiE 3 B R E K

WSCEH JoR BRI HE 5 W RE VA S SO ORI E N A, B TR R k. T SO — R 20 S TUF LA O L, — i
AN BER AR A SN AR S AT, SOE AP RS RS O R AT BRI B A 5 TRRR A I TR R R A% o 18 3 SCE M ZER AU 5 H SO0

RS CIESS S

(A T B0 )





