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[ 5] RINGEEKAIZIEIE (TP) FUTHAE, RAFIBATAERGRARTI B, WA EEEH 1
(NLGN1) REIBI HEN- FE D- KL HEZ K (NMDAR) MRl f5E = EH 95 (PSD-95) &
FIMRFEN A B . B

(BB FRITEMERRBZNARE D RPN NLGN1 FERIFIM, #8778 NLGN1 TEEHH)
ER.

[ 7575 ] BUB SN SD KR 48 RN AFTERA, £, P, SFIE2RESAH, S4H12 5, 3¢
AL FEEIIK, {. P SFIEAHPFILF 100 20, 40 umol/kg EFENRAR, KAR
5dZE 2 d RS ESNEFERARBILIEMEASEE, 2ENK3INA. REAMRLES

&, B8 Morris KRS MREEA KRR, ST &R, REARFESI21ZI06E. B TP SLiic
FEE CALXIPHEHERMFEBRAL (fEPSP) . AR/REREBMERIES CAl XE TRV
SHEELZ > Western blot A FR 7SS NLGN1. NMDAR-2A. NMDAR-2B {8z PSD-95 B9 ZRiX,

[£552 ] AR EEVIE N, XERARBRSHAKRNRBRPAR IR, SXTHEAMELL,
20 pmol/kg 1 40 pmol/kg Ze$R2H A R 7E Morris KX SN B REABA R IEK (882, 3. 4K
IHIEK 19.67. 5.96. 6.49sF121.77, 10.20. 9.91s, P<0.05) , FHT BRI O SR T
2.14 R #13.93 % (P<0.05)0 30 min EIMRIEA /T, 20 umol/kg Kz 40 umol/kg L 55 20 A B fEPSP
4351179 1.15£0.03. 1.100.06, 60 min = SR E 5 W T F& 79 1.03+0.18. 0.98:0.22, J{EFXTER
28 (1.41#0.05. 1.47+0.11, P<0.05), 53R 4H [(1.302¢0.111) /um] #B L, 20 umol/kg Az 40 umol/kg
R 4E A B R ERZRE [(0.790+0.056) . (0.725+0.152) /um] BB 2 PE1EK (P<0.05), 121458
REG, SWEEA (1.00+0.00) 1L, 20 umol/kg S22 = 4R (0.80+0.07) . 40 umol/kg IR =
4B (0.55+0.05) NLGN1 Z3AFEAR (P<0.05) ; 5XFBR4H (1.00+0.00) #8LL, 20 umol/kg B ZEAH
NMDAR-2A (0.58+0.08) . NMDAR-2B (0.56+0.04) . PSD-95 (0.76+0.01) FIAFEE (P<0.05),

[45i0 ] B4R 4B PTAEI® T T8 NLGN1. NMDAR-2A. NMDAR-2B LA PSD-95 & H &KX K
BB ERAINEE, SFAREIZIZIEER .
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Effects of chronic aluminum exposure on hippocampal synaptic plasticity and neuroligin 1
expression in rats ZHANG Shu-hui, ZHANG Hui-fang, XU Yi-rong, WANG Shan-shan, ZHAO Yu-
ging, NIU Qiao (Department of Occupational Health, School of Public Health, Shanxi Medical
University, Taiyuan, Shanxi 030001, China)

Abstract:

[Background] Aluminum inhibits hippocampal long-term potentiation (LTP), suggesting that
aluminum may impair synaptic plasticity. Neuroligin 1 (NLGN1) can affect the development and
maturation of dendritic spines by recruiting N-methyl-D-aspartic acid receptor (NMDAR) and
postsynaptic density protein 95 (PSD-95).

[Objective] The purpose of this study is to investigate the effect of chronic aluminum exposure on
hippocampal synaptic plasticity and NLGN1 expression in rats, and reveal the role of NLGN1 in this process.

[Methods] Forty-eight clean male SD rats were randomly divided into control group, and low,
medium, and high dose aluminum groups, with 12 rats in each group. The control group was
given normal saline, and the low, medium, and high dose groups were given 10, 20, 40 umol/kg
aluminum-maltolate complex [Al(mal);], respectively. A chronic aluminum exposure model was
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established by weekly intraperitoneal injection of Al(mal); for 5 days and rest for 2 days. The duration of the exposure was 3 months.
After the exposure, Morris water maze was used to evaluate escape latency and the number of crossing, indicators of learning and
memory function of rats. Field excitatory postsynaptic potential (fEPSP) in CA1 region of hippocampus was measured by LTP assay in vivo.
The morphological presentation and number change of dendritic spine of CA1 neurons in hippocampus were detected with Golgi staining.
The expressions of hippocampal NLGN1, NMDAR-2A, NMDAR-2B, and PSD-95 were examined by Western blot.

[Results] As the training days increased, the latencies of the control group and the aluminum exposure groups gradually decreased.
Compared with the control group, the latencies of the 20 and 40 umol/kg aluminum exposure groups significantly prolonged in the Morris water
maze (on day 2, 3, and 4, 19.67, 5.96, and 6.49s increased of the 20 umol/kg group; 21.77, 10.20, and 9.91 s increased of the 40 umol/kg group;
P<0.05), and the numbers of crossing the original platform decreased by 2.14 times and 3.93 times, respectively (P<0.05). In 30 min post
high frequency stimulation, the fEPSPs of the 20 and 40 umol/kg aluminum exposure groups were 1.15+0.03 and 1.10+0.06 respectively,
and the fEPSPs decreased to 1.03+0.18 and 0.98+0.22 respectively after 60 min, with significant differences compared with the control
group (1.41+0.05 and 1.47+0.11, P<0.05). Compared with the control group [(1.302+0.111)/um], the dendritic spine densities of
the 20 and 40 umol/kg aluminum exposure groups [(0.790+0.056), (0.725+0.152)/um] decreased significantly (P<0.05). After chronic
aluminum exposure, compared with the control group (1.00+0.00), the NLGN1 expression levels in the 20 umol/kg group (0.80+0.07) and
in the 40 umol/kg group (0.55+0.05) were reduced significantly (P<0.05); compared with the control group (1.00+0.00), the expression levels
of NMDAR-2A (0.58+0.08), NMDAR-2B (0.56+0.04), and PSD-95 (0.760.01) in the 20 umol/kg group were reduced significantly (P<0.05).

[Conclusion] Chronic aluminum exposure may impair hippocampal synaptic function by down-regulating NLGN1, NMDAR-2A, NMDAR-2B,
and PSD-95 protein expressions, resulting in impaired learning and memory.

Keywords: aluminum exposure; long-term potentiation; dendritic spine; hippocampus; neuroligin 1
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density protein 95, PSD-95) FH{EH W XM AL E. &
BRI, B AI, TRA]AE @i FE(E NLGN1.

RAEWEE, HPMERAATINBEERA™E,
A SHESMEFRITHER, SEMRERE. FR%T
BERBENBENERRE Y, ILERNNTIAREE
o, R MR AR EL T ABRERIEIZEE. BEE
BRI AT B BE/IIMER TR ABPFAZ R, H
BREINAERIQHESBEARS Y, BLt, HRE
FHENF, R AEERESRNFPSEEETENR
BAMFIE R4 0@,
UENAREFEEPTRESIN-FE-D-X
Z & B8 (N-methyl-D-aspartic acid, NMDA) # a- &
H3-FHE 5 BE 4 2EWRHE (a-amino-3-hydroxy-
5-methyl-4-isoxazole-propionic acid, AMPA) 3% {K I BB
R E, UKITKATFZIE58 (long-term potentiation,
LTP) BYINHIMER B, B 2 MM ER T IS RS
FPRERE, YRI5 EN- PR -D- REFRZAE
(N-methyl-D-aspartic acid receptor, NMDAR) 1. NMDAR-
2A. NMDAR-2B FR1A &, #MHMI NMDA Z (@ EF
B, SMEINCIZEENIRE Y, BRI AR ] AMPA
ZARIMETIR G TP, M ERRSHRGEIHETT
S B R E S FHEINHRIRD BEERER
KD FRERMA B MEAIRYERE, FHHEIELS
AT AL R R FRAL B AR TR S, HhHEiE
#ZH 1 (neuroligin 1, NLGN1) EERES FH R
EFHEMRBER NS F, JBIEERRR
HE NMDAR & LU K2 2R fi J5 B0 & B 95 (postsynaptic

PSD-95 1 NMDAR-2A FRiIAN SRR L B, 5
RRARA IR, B, BRSRGNFINESE
MRd, MWEEBIHMETH BN, RRINEETE
ML M, ARRBRIIEMIBRFER, R
IBMERETAREIRAINEEN NLGNL BIFME, R
T NLGN1 TEEFRIER,

1 MHE5HEE

1.1 ##

1.1.1 L) EEEMRESD KE 48 R, HHE
BmARKRKBAEY P ORME, £F-FaES SCxK-
(3) 2014-0013, {KEE 220~300g, IRIAEHEIEHEN 2
AXFIRLE LR 10, 20 40 pmol/kg ZEFERR [Al(mal)s]
FFEA, §4H12 R, FAELRIREERBMAMER
BRI EENERNME.

1.1.2 Y EEFH 7] $5-55-102j bF 25 28, SEN-3301 8
F B 23 (H 7S Kohden A F]) , RM6240B/C % B4 )
SEXRESHNN (FEREINZE ), BXSIAFER
M (BEXOlympus R E)) , EMHUFERIBRBEERS
(E2EBio-Rad 2 Fl). EFMAMR IR (=E Sigma
Aldrich AF]) , GAPDH ik (FFEJLRERLIRFIANE) ,
NMDAR-2A #1 1& ( 2 [E Abcam 2 T ) , NLGN1 371 14
NMDAR-2B T &, PSD-95 #11 & (3 [E GeneTex X &) ,
S/REREIRFIZE (2E Hitobiotec 7)) o

1.1.3 Allmal), 723%ECE] Allmal)s SARIZIRSCER [9] 753%
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IMAAILED, AT pH E 7.4, FAKER 0.22um IEIEHIE,

1.2 /&

1.2.1 [EMEASRE RIS 100gAE 0.1 mL#HT
RERE ST, STHRAFETEIREN K, BRBHDHES
10. 20. 40 pumol/kg (LUKREIT) Allmal);, KARE5d
Z2d R ARRS, F4 318, ERANIREER
H7E 22~24°C, BRI EBARE, £ELEREEFH
RFITR LR,

1.2.2 Morris KIXE  KWE—DAIHKFERYE
PR ANRIEMER 120cm. & 75 cm BYZKGH 31T,
FEEMRRENEFRE—TNER 12cm. & 50cm BF
a, KsTFFE 1~2cm, 815 KH#ITEMMITEL,
BREBILEZENANRERINEL ; 81TREH, K
FBKEAMEE, MRIBFIRIHFNKAR, JIZKBTK 1205,
ERABEMNKEILZMFESHEREE, 5|SKRESR
FEF & LE10s. B6XR, KRELFEEHFH THME
—PRIEANK, 7£120s HiERABFET SRR,
REHITHRITD.

1.2.3 LTPECLG SRR 6 R AR, KBRS 100gAE
£6F 0.7mL 20% SHBER R, STEMEFRIA R B
TRNIAEREMREE, REAE, UETRH
RAEZH38m, @ME42cm AROEER4mmEY
L, BFEABEEME, BEMER, FAREHEE
BER THRETENSSRIB IS TREBAL, RIBEBR
T AL F Schaffer A% EB1TL, 2R EBARAY T M4 F
B CALX, F30sAF 1M RIB, K1FFHH

4 28 fith f5 BB 1L (field excitatory postsynaptic potential,
fEPSP) ; TRIE = £ BR A fEPSP 3R 1@ 50% BIF M58 EE
NERRIE, ELI0F 30 min, FRIERENRAMEE,
bafE, =9nRIE (high-frequency stimulation, HFS) 37X,
R 34E, BMRIBEE 20 MK, S1ZEH 200Hz, 18
R HFS [G 89 fepsp 1R {&E (LTP{E) 60 min, D #HIZR 2
MNP E, BUYME, UEMRIEBAIIEE N 100%, ##
TP AT, B D FIEN 1. 30, 60min BYHY fEPSP @
{E1CER LTP 7£ 60 min NAYZS 1k, ol

124 E/REZE REATMAREELTELE MY DK
B, BN LR, HEINEBESNARR, FANE
KRR, RIESREREBATZULER, BHRAR
FEREFFRPERENIRE 240, BIRFTZER
YR RE2R  EReRERERANEFN A
& -3 72BALR, 4°CEEIRTF 12h ; BFTARK -3, 7
447270 24~72h, FEREVHALRIRE T -80°ChiETFo

ARNFRT R, REER80um, AIRRIEA
A TREHTSRERE, BEBERK, ZH
KB, MR R, BREKHTER 240 EEREU
2, 1Th5E AR, A Imagel AT RERER E#HIT
3o
1.2.5 Western blot /07| K B 20% SHIE A & FF
B, BEEShBKENILS, FEtHENAN, 7K1 EARR =S
O, fREUEEHELS LY s0mg, ET 15mLEPER,. B8
I s00pL LR ERIREVR, BAIRENLSHRK 55x3 /K,
KERE20minfg, EEREZMESRE O (4°C,
14000xg, 25min) WEEIFTeEPEF, BREERGE
B21E T B8 (bicinchoninic acid, BCA) JEMEEHS &=,
BEFEINAN 1/5 TR sx EH EHFEHARHITRES, &
HERZZ KNS min f&, 7 -80°CIRFE . 8% 0 EH
B 4% FRER, EH ¥ 300, E/RIEE60V 90min ;
EKICEE B 400mAIER TIERX IR 100min, FE
A% ZEPVDFIE ; B 5% AR EF 2h ; B
AR IHERR—H1 (RHUNLGNL, 1 : 100 ; ST NMDAR-
2A, 1:1000 ; %237 NMDAR-2BA ; 11000, %31 PSD-
95, 1:1000), 4°C—inF A& ; F TBSTAR L&
8minx3 X, BB _H12h ; FATBSTIARIEA 9 minx
3%, ECLIRFIRE, BREED T RAAXRERE .
1.3 HitFESR

TTEFELIIE + tnEERR, FSPSS 14.0 481t
REHITRREARFED, ALSDESITZABNE
Fo KIKE a=0.05,

2 2
2.1 KEH—/RER
EEANLRIRED, WRAKRBRSHATAREE
. BMAMKNERESEHEER (WK1, BE
REWHT, BRASHARGFHENREEZENR
E.GEERVUR. BAFTRENSERETR, 18
FEAARETEATEERREIERE. BWLIE 15
wiEohid B ohE, i, SHARERLZMRER
MBERE,
2.2 KEFEIEIZIhEERIERT
EAMITERBRERRKIE  SXWRAMEL,
20pmol/kg SER S HARREF 2. 3. 4 KRB RIS
BIHEK T 19.67. 5.96. 6.49s, 40 umol/kg SRR FATE
552, 3. 4 REVAREADAIREK T 21.77, 10.20. 9.915s,
BEENESMABRPERERITFERENX (P<0.05,
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1A), FEIRELWLERKE | SXTBAMELL, 20,
40 umol/kg IBARFHABFH TR DRI T
2147393 %, EREEFITFENX (P<0.05, E1B),

xR1 EBUBERSABREELZN (s, n=12, g)
Table 1 Body weight changes of rats after chronic
aluminum exposure

[(0.725+0.152) / um] BYZR RS 35 BE B B (F=21.20,
P<0.001)

®2 BHBEESWARESD CALX LTP M
(fEPSPIBEE, xts, n=12)
Table 2 LTP in CA1 region of rats after chronic aluminum
exposure (fEPSP amplitude)

5348 (Group) PF4F (Week4) FE 8 (Week 8) #3512 7 (Week 12)

SFHELHE (Control)
10 umol/kg Al(mal)s

339.42+20.22 366.25+38.54 421.67+36.90

303.67+34.44" 377.67£30.27 394.83+35.00

20pumol/kg Al(mal);  324.08+19.77 362.08+35.06 392.67+34.90

40pmol/kg Al(mal)s  325.58+30.95 382.00+29.25 388.75+39.35

HFS R /EBYIE] (min)

F 3.538 0.940 2019
P 0.022 0.430 0.125
DE] » - SXRALLIL, P<0.05,

[Note] *: Compared with the control group, P<0.05.

100 )
£
7580 J’;‘Elo
N
E 60 Hes :
#1 & 40 Ra g
L o i
2, a5
Qg 0 ;%—o 4
a0 {“ﬁé 2
-20 50
% % %
//5{1 “ &%‘ ‘o\ o\\\{",b\\'b o\\\:}\"’ 0\\\2\\%
Kok S HRNE A S
C R DTy ©° %

K#(Days)
~O- XFB&(Control)
~/~ 20umol/kg Al(mal);
(] * : S3FEBLALLES, P<0.05 ;# 15 10umol/kg Al(mal); ZAELER, P<0.05,
[Note] *: Compared with the control group, P<0.05; #: Compared with
the 10 umol/kg Al(mal); group, P<0.05.
Bl EMEESNAREEZKRE (A) IFWTEXRE (B)
A9RZIm (n=6)
Figure 1 Escape latency (A) and number of crossings (B) of rats
after chronic aluminum exposure

- 10 umol/kg Al(mal)s
~/— 40 umol/kg Al(mal)s

2.3 WARIED CALX LTP BI%2M

£ 45 F HFS 1min 5, X7 BR 48 B89 fEpsp M & fit
F B 5 89 1.024£0.06 1 K ZF 1.52+0.06, 60min [ /5
1.47+0.11, PR 10 umol/kg 2B HFS RIS 1 min 5h, Efth
I EZFZLATE HFS RIBUS 1. 300 60 min BY fEPSP
18 E /N FXIERAME N Y s {E, B 40 umol/kg 54
B9 fEPSP @R /NF 10 umol/kg Ho M3 20
2.4 WARRESHRHRIEN

2ETRARED AL XL T # R A E TN
RO ZEDZ (B2A) REWRREE (B 28), 7]
0, SYRANWRROBRAZE, BMERRSH
ENAS, HIWRMAEENRBREENINR 5
S B2 2H [(1.302+0.111) /um] A 10 umol/kg 58 2 = 4H
[(1.149+0.183) /um] WX FRZ EAHLL, 20 umol/kg 15
Z & 28 [(0.790£0.056) /um]. 40 umol/kg IR E A

ari| RIS After HFS stimulation
Group Basic stimulation
1 30 60

SFHRZA (Control) 1.02+0.06 1.5240.06  1.41#0.05 1.470.11
10umol/kg Al(mal)s 1.00£0.05 1.36£0.04  1.21#0.09° 1.16+0.09"
20 pumol/kg Al(mal)s 0.99£0.05 1.30£0.08" 1.154#0.03" 1.03+0.18"
40pumol/kg Al(mal)s 1.00£0.03 1.100.05™ 1.10£0.06™ 0.98+0.22"*
F 1.06 21.21 15.87 5.69
P 0.37 0.00 0.00 0.02

CE] » : SXERALLE, P<0.05 ;# 15 10pumol/kg Al(mal); BLEER, P<0.050
[Note] *: Compared with the control group, P<0.05; #: Compared with
the 10 umol/kg Al(mal); group, P<0.05.

388 10pumol/kg 20pumol/kg 40 pmol/kg
Control Al(mal)s Al(mal); Al(mal)s
”
bl

1.6

1.4

1.2
1.0
*t *#
0.8
0.6
0.4
0.2
0.0 I I L

pugizl 10pumol/kg  20umol/kg 40 umol/kg
Control Al(mal)s Al(mal)s3 Al(mal)s3
(] A SR TN R EL SRR, ST K3RPAMISERR ;B  MISRRE E, * :
53384AELEL, P<0.05 ;# 15 10umol/kg Al(mal)s ZBEEES, P<0.05,
[Note] A: Dendrites and dendritic spines under oil immense lens, and arrows

I EERRELE/ um
Number of dendritic spines

indicate dendritic spines; B: Dendritic spine density. *: Compared
with the control group, P<0.05; #: Compared with the 10 umol/kg
Al(mal); group, P<0.05.
B2 EBHERESWNARED CAL XHEFHE TR IR
(n=6)
Table 2 Dendritic spines in CA1 region of rats after chronic
aluminum exposure
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2.5 WARREZHAL NLGNL FRiARIF M

Western blot i IE R ER, BBERESFTEN
N, KBEDHENGNL RIEIKFZFHEK (B
3A) o 20. 40 umol/kg FBFFHIE S NLGN1 B FRIRER XS
RAAE T, ZREFRITF RN (F=33.23, P<0.001)
(E38B),
2.6 AR BEZLHL NMDAR-2A. NMDAR-2B #1 PSD-
95 FRIABIFZ A

3A. B 7R, 20 umol/kg $R 25 4H 75 S NMDAR-
2A. NMDAR-2B #1 PSD-95 fY 2% iX 93 Bl | F Xt & 4
(F=6.34, P=0.003 ; F=8.53, P<0.001 ; F=25.02, P<
0.001) , 40 umol/kg FAFE54H85 NMDAR-2A. NMDAR-
2B F] PSD-95 FYFRIA 73 B FXFERLAF] 10 umol/kg SHZ
F4H, ERERITFENX (P<0.001),

$H8  10umol/kg 20pumol/kg 40pumol/kg
Control Al(mal); Al(mal); Al(mal)s

neon I . S

NMDAR-2A [ s G S
NMDAR-25 W - e

PSD-95 _ - - - —

CAPOH i G . —

12

1.0
T *
5508 M b
-
2206 4 :
I
K2 *”
g 0.4 "
a s
)
0.0

NLGN1  NMDAR-2A  NMDAR-2B
I X$H&(Control)
120 umol/kg Al(mal)3
CE] A ZEBEAXET ; B FHRED. * | SWRALLE, P<0.05 ;
# 5 10pmol/kg Al(mal); £BEb3%, P<0.05

[Note] A: Protein electrophoresis result; B: Grey analysis result. *: Compared

PSD-95
10 umol/kg Al(mal)s
[J40pumol/kg Al(mal)s

with the control group, P<0.05; #: Compared with the 10 umol/kg
Al(mal); group, P<0.05.
3 1EMEESWARBSALRNLGNL, NMDAR-2A,
NMDAR-2B #1 PSD-95 & HREHIF I (n=6)
Table 3 Hippocampal NLGN1, NMDAR-2A, NMDAR-2B,
and PSD-95 protein expression levels of rats after chronic
aluminum exposure

3 i
RARAI B\t ELEE AT B IE AN TheE T 2%, Hep
TheE T B KEALUCRERRIA N B M ALY FEA, +

EEERMA P MBS FZ NI, NMDAR 5 LTP
ZEHIMEX ", NMDAR BATIESIN R B A sE R IS
TCR AT B M M T KN IhBE X EL ™25 PSD-95 21
FREBEENER SR, ol@d 5 NMDAR2 IL &
HEEFENVDAZRERRETE FTRMEREL, H4&E648
NEB{E#H ca® R, S5 FETHRMEIEN, 5F3)
BIZEZAEX Y, KRR SEHAAFIIAT W &
R—E, BMBEEXNED cAl XER fEPSP TR,
B LU EMRFIEINS TP FUIEREE . ZS/REF 5T NMDA
REARKSTENEY XU —, £RRAIEMERE
RZFE T, NMDAR-2A. NMDAR-2BE H RIA TBE, 53¢
HRLAAELL, PSD-9S IFRIAME TRESE, HILE R,
NMDAR #1 PSD-95 Al BE & 518 M IR R S BR M 28 1%
B HRETE,

WMRME— PN IESEN, HES. BENRGHE
TUWEYEG TS, MXMHA MR ERNER
ARTELEAAITHEE LMV ZTIEX, MERIANER
ME 3SR BE R o), RRRARZS5F S
BETRAEXNMERARRIIFENRRE ENE
KU KRLERETR, BINRHBERZETE,
REBIEXTF SIS 12T BER (A RN 5 i R FRBV 25
MR BRI R FEIt, ESRF S5 R E
MG, TN EESHRBRE XS,

NLGNs RiE 7D FEIFM NI E, NLGN1. NLGN2.
NLGN3 #1NLGN4, 7EMG AR AR AL FIYF X
K, FEREKXFHETRMEE L, Blundell &
B SER A BNV BERMNNEEZEEE S
RERBERMME LR UK IER Ao M £
il HREVIMBARERLTUEREARETEIRER
EMRAI, SXERAMLL, BRSE3TNARE, &F
20 5 NLGN1 #8455 Y NMDAR1. NMDAR-2A. NMDAR-
BRAEMARZERRL, B opZRING], 46H
RIBIRBENTREATENZEAAI, aRFHAR
78 I NLGN1. NMDAR-2A. NMDAR-2B F PSD-95 % i&
PEAE, LTP R EINHI, 5TF T IR BINLGNL TEANIFKF
RENEEKFERNNT, NERH TR RIEHE
IR, B2, TAE WHRNADEAENSER
BRI ARBINGNI S5 EIHEXNTEF
SIRERSE X, XE5EARMREICHER, HENEHEE.,
EBRGE. DANEERENTRMBMER. AR
A& IS TT AR SR A] NMDAR-2A FEHRFFIE 40 A4
BTk, MUPHNGNLTERFEZHEIBREME, NS
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B2 AE K MED NLGN1 ITIRAYIR G B8,

S EPR, BERESHHARFEISIEIZEE
71, BREEZEFEAVIEINNT TP BYINGHIVERLBEE ,
ARBESWNERBRILSINE, BERK. K5 FSAR]
HABAZE, #EMI NLGNL AT BETE IR B INREE IS 15 S
E1ER, 124 EES 8@ T NLGNL. NMDAR-2A.
NMDAR-2B LUKz PSD-95 & B #RiAKF (A8 5 AR TH
BB, SBABFIIEIZINEE= . FIt, NLGN1 AT BE
R ABRIREFEIFICIZIEEnaT S, BRET
K, SHEERARMNEHF—TRER.
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