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A10.5~1 h AN TH] B (1 /8 BRI Bz 2@ A il Glu & G B A8k . 457 YZG-331 15 min JG /N BRVEIT I 17 )2 4
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Regulatory effect and mechanism of novel sedative hypnotic
compound YZG-331 on glutamate and its receptor

FANG Jin-yu, LIU Wei, YU Feng-ting, SHI Jian-gong, ZHANG Jian-jun’

(Beijing Key Laboratory of New Drug Mechanisms and Pharmacological Evaluation Study, Institute of Materia
Medica, Chinese Academy of Medical Sciences and Peking Union Medical College, Beijing 100050, China)

Abstract: This study investigated the effect of a novel adenosine derivative YZG-331 on the glutamate (Glu)
content and its receptor N-methyl-D-aspartate receptor (NMDAR) in mouse frontal cortex. All procedures in this
research were approved by the Institutional Animal Care and Use Committee of the Institute of Materia Medica,
Chinese Academy of Medical Sciences. High performance liquid chromatography (HPLC) was used to detect the
Glu contents in the mouse frontal cortex tissue homogenate and extracellular fluid which were collected by brain
microdialysis method. Western blot and co-immunoprecipitation methods were used to detect the expressions of
NMDAR in cell membranes and endosomes, as well as the expression levels of endocytosis-related proteins and
their interaction. The results showed that there was no significant change in Glu content in the dialysates from
mouse frontal cortex within 0-0.5 h period and 0.5-1 h period after intragastric administration of YZG-331
(40 mg-kg™). Compare to the control group, the Glu content in mouse frontal cortex homogenates has no significant
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statistical differences after 15 minutes of administration of compound YZG-331. YZG-331 significantly decreased
the expressions of NMDAR subunits NR1 and NR2B in the mouse frontal cortex cell membrane, meanwhile signif-
icantly increased the expressions of NR1 and NR2B proteins in the frontal cortex endosomes. It also increased the
phosphorylation levels of NMDAR subunit NR2B in the frontal cortex. In addition, the result of co-immunoprecipi-
tation which used NR2B as bait protein showed that the expression of postsynaptic density-95 (PSD95) in NR2B
and PSD95 immunoprecipitation complexes in mouse frontal cortex tissues was significantly reduced. These results
indicate that YZG-331 does not affect the Glu content in mouse frontal cortex, but it weakens the interaction between
NR2B and PSD95 by increasing the phosphorylation level of NR2B in the mouse frontal cortex. Therefore, it
reduces the membrane stability of NMDAR and promotes NMDAR's endocytosis, which leading to the decrease of
excitotary transmission. It may be one of the mechanisms of YZG-331 to exert sedative and hypnotic effects.
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Figure 1 Chemical structure of YZG-331
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(OPA, Sigma 2 ]); Minute™ i it &5 [ F1 41 g 2 53 7 2
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R 7 & SMO005- Minute™ Py 4 F1 21 i 41 73 3 5357 &
ED-028 Al Minute™74s 'k & [ % it i WA-009 [ 30452k
AR (AL =) A IR 2 F]]; Protein A Magnetic Beads
(Millipore Sigma /A &]); RIPA LMK (38) A= KAEY
FEARW I I); BCA B ik FE Aar a5 & (Rt A=
ARG BRAR); 5x 8 [ RS2 i B R B A0
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30% TR I i (AL 3¢ 2= R A 7 51 G R A &), 4k
JEECL K (i REeRHE A R A A); $it N-F HE-D- R
X5 W% 5% & (NMDAR) (GIuN1) #7i & (D65B7) (Cell
Signaling Technology 2+ #l); it NMDAR2B (phospho
S1303) PifAk (ab81271). 5t NMDAR2B i {4 (ab65783)
(Abcam 2 #); $it PSD95 it 14 (48638). Fit EEAL #T 14
(21601) (Signalway Antibody 2 7); % 19G (A7061) (32
Z R A F); Bt p-tubulin Fi 4k (ab1017t) [1# B 5
(db =) K & A BR 2 |1, $ Na/K ATPase it 14
(14418-1-AP) (Proteintech 7 7). 3 At i 71 3y [ 7=
oy BT A, W3k s A TR A A F
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41, A8 H . HEF YT 0.5% R I IL LT 4 Kl
GYIYZG-331, K HE T2 BT, 452515 min 5
Jit UG, UK b5y B HU AR R, PR . AU SRR EE
JF 1% 1010 (wiv) Lb A 1) 2H 23 A Jin N T4 #5 0.6 mol Lt
e SRR VA VR, R R PR R, T #6250 W, 3 s/iR, TH] B
10's, R 5 2~3K, 1£ 4 °C% A~ 10 000 xg 0> 20 min.
W ETEC S F 12 R 2 il (R4 20 mmol-L
EDTA-2Na 2 mmol-L*. ff 2 & — # 300 mmol-L*) &
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2 122 Lol in N OPA AT A=A 71, vK b [ 87 2 min f5 ik
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1 pL-mint 3B BEAT B M. B 30 40 B ICER 14 I

BT, 2 h G4 7 YZG-331, BLi1F 4 0 &, AT 30 min
PSR REHT IR v . ISR TE B 40 TR T 1 I 4
2 FEMTIRAE 9 IR, SR 5 45 T YZG-331 (40 mg-kg,
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FRAE S T SEAT Glu & &, 3 2] YZG-331 5] i
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BERERREE ICR/NRBENL NI AH: B
X IR YZG-331 41, B4 4 2, #E B 45 T ik
&) YZG-331 (40 mg-kgh) 5 H B T i,
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4 °CEAF R 12 000 xg 50> 20 min, 250 e BUE A TS

BERREN KEEAENALUE T A M
O . N 200 pl 2Rl A (5 1x B A B 30 1
7 Lx T 2 B 400 1) 77V A 9 < L mmol-Lt PMSF), Tk
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51, 4°CHE B LA . 4°C.10 000 xg & > 30 min, 3 #1
IE (MR AL ), DUERD 2 AR . N Minute™ 748 74
BB 50 pL, B, fERE S 78 i

EARBRENE 3 BCA LN & FRA6I A 1k
B, I\ SDS-PAGE # [ | #F 2% ¥ Ji5 3 7K #3 5 min,
K &5 B B R AT 5% VA I Tt e B e FRL UK 40 o, R,
5% Mt A5 2F WO 72 =0 S B I L h J5, TBST ek 2 X,
RS min; KR CT TBST #iRR (1 —Bih, 4 °Cit & it
22 18l —PT, TBST ¥ ik 3 ¥k, &K 5 min; ¥ BT
TBST #BE i) i+ (ZPid% 1.5 000 i kE), iR
§% F 2 h, TBST ¥ 31k, &k 5 min; ££ PVDF Ji& 13
Bt 4 19 ECL R OGIR, F A Ak 2% R A% R G R B fh 2
K64 . FH Quantity One B i Ab BE H 8 A 4645 .

FBRERBEILITUE K50 B 1K R i A2
T TIA (1 20 B R 2 e i, I N B 1 B T 5], K
- 244 30 min, 12 000 xg &0 10 min, B L3 . B HL
g EIEWAEN Input f B8, B E_E I M 500 pL, i
2 ng — AT RIEVIVE, 4 CEER R, WME LR . B
Protein A Magnetic Beads 50 uL, 24/ ¥t 31Kk, BRIk
PESE VR S) 5 min, FWL 7 SR S W3k, ¥ 5 bk & i
WHIH L s RRBOMN, 4 °CLEISRE R 5 h, fli i 2k
Sl o dG, AT IR U R L. R G 7 HEER,
S UTIE H5YIAFE, 18 Western blot £ 11 .

BRSO 45 R ix + s&KIR, 4 Graph-
Pad Prism 6.01 &t i1 73 A1 81 4F 2k 47 20408 6 11 2 22 ¢ 40
Mr, A8 FH #AE  Student's t-test 75 1 HEAT 4i i+ Ab 3, B
Z 45 B3 51 Ll P<0.05. P<0.01 B P<0.001 &/~ A 2
TSR E AR W

Z#HR
1 YZG-331xP/hEREMEEARESETEM

SR FHAE AR 0 AT 5 R 485 v 2050 8 ARG W
AN BRAI B 2 4R Glu & & AT RS I . 4
2B.C Fiow, fHEL T ¥ 70 B4, B 45 T YZG-331
(40 mg-kg*) Ji5 11 0~0.5 h 1 0.5~1 h #§A™ i 1] B (1) 3%

Wil Glu & BRI LG 255 EBA T YZG-
331 (40 mg-kg?) 15 min J5 /N BRUET I B 2 4 4150 3
Glu & &I B A2 .
2 YZG-331 TNE/NREA R 4R _ E NMDAR %
ke

K F Western blot % X} # B 4 T YZG-331
(40 mg-kg™) 15 min J5 /N BRAU K2 J2 40 B i NRL A
NR2B A SR TR . 40P 3 Firow, 5 9 7516 HE 4
FHE, YZG-331 21 /)y B A0 R = 40 i | NRL Al
NR2B {15 &) N i, H NR2B £ & &K EH 4
TH5 5 L (P<0.05).

Figure 3 Effect of YZG-331 (40 mg-kg™, ig) on the expressions
of the N-methyl-D-aspartate receptor (NMDAR) subunit NR1 and
NR2B in mouse frontal cortex cytomembrane. A: Expressions of
NR1 and NR2B in mouse frontal cortex cytomembrane were de-
tected by Western blot; B: Quantification of the NMDAR subunits
NR1 and NR2B expression levels in mouse frontal cortex cyto-
membrane. n = 4, x £ s. "P<0.05 vs control group

3 YZG-331 Lif/REIM KR MR A+ NMDAR
RikE

K H Western blot 7% X # H 4 T YZG-331
(40 mg-kg™) 15 min 5 /> B A K2 2 A & B NRL A
NR2B {35 & H#ATRE M . & 4 Fis, YZG-331 {7
BRI Bz 2 9 4 NR1 AT NR2B 25 [ 654 5 1) 1 35 4

Figure 2 Effect of YZG-331 (40 mg-kg?, ig) on the content of glutamate (Glu) in mouse frontal cortex. A: The location of the probe; B:

Glu content in extracellular fluid; C: Glu content in frontal cortex homogenate. n = 8, x + s
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Figure 4 Effect of YZG-331(40 mg-kg?, ig) on the expressions
of NR1 and NR2B in mouse frontal cortex endosome. A: Expres-
sions of NR1 and NR2B in mouse frontal cortex endosome were
detected by Western blot; B: Quantification of the NMDAR sub-
units NR1 and NR2B levels in mouse frontal cortex endosome.
n=4,x+s. "P<0.05, “P<0.01 vs control group

i (P<0.05, P<0.01).
4 YZG-331FH/IREMEEH PSDI55NR2BE
AR

18 F NR2B 1E i 18 & A, SR 8 B 0 S % 3 it
TEVEXT /N BRI 2 JZ H NR2B Al PSD95 YLTE & 4 4
PSDO5 (¥ 3R ik S #HAT AL . 4N 5 AT, 5 7% 77 5 R
AR, 45T YZG-331 (40 mg-kg?) 15 min J& %S I TE
S &Y+ PSDO5 & % & 2 3 A 1IK (P<0.01).
5 YZG-331 L/ EIRM B NR2B & B B 1L
K

K H Western blot ¥ XF # H 4 ¥ YZG-331
(40 mg-kg™) 15 min J5 /) B 40 i R 2 41 21 NR2B

Figure 5 Effect of YZG-331(40 mg-kg?, ig) on the expression of
PSD95 in the immunoprecipitation complex. A: The interaction
between PSD95 and NR2B in mouse frontal cortex was detected
by co-immunoprecipitation; B: Quantification of the PSD95 level
in the immunoprecipitation complex. n = 6, x = s. “P<0.01 vs control

group

Figure 6 Effect of YZG-331 (40 mg-kg?, ig) on the phosphoryla-
tion of NR2B in mouse frontal cortex. A: Expressions of NR2B
and phosphorylated NR2B (p-NR2B) at Ser-1303 site in mouse
frontal cortex were detected by Western blot; B: Quantification of
p-NR2B and NR2B levels in mouse frontal cortex. n = 6, X 5. "P<
0.05 vs control group

1 R Ak K P b AT AL I . i &1 6 P s, YZG-331 2H /)
B T B2 )2 p-NR2B [ 3R 1A 8 i 3% & T 3% 7 e i 4
(P<0.05).
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3 JE TG £ IELBRE AE 4 2 7T L GABA BERI 2 T M & R
RE i 22 0 8 T DA S B B AU R 1 R e pR 4
TG, PA—FhoRER 1 77 K i B o & e X A T, 7R
PRAHGE AT A — PP 15 R 3 b R F 32 47 iR B 6 30 T
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HURE A AR, WA 7 B FH 1 RO €2 R AS I 4 R
XN BB B R RS 2K Glu & = AT R U 4h, 18
S5 B TEARTIGE AT EURE B A /)N BRI 7 J2 41 B 4h v
(1) Glu & BT TAZ I . 78 SE50 b F2 b, 9 BRIIE 23 47
SE R HER T, & 30 20 B ISR LR S, I RO
HATREM . 234020 J R R N REE 45 T YZG-
331 (10 mg-Kg?) M T e 79 18 mint®! g He 43 4 23 FE 5 2
TE4: T YZG-331 15 min J5 AT BUM A1 G 2RA I . AR SE
=R A RS R A YZG-331 71 1.25~
40 mg-kg™ P 7B AR A N BB VS B0, MR K
2 AL AT 7000 B T 24 A O W R R 4 40 mg-kgt.
R 45 5 B0, 45 F YZG-331 15 min J& & j2 240 3%
W Glu & AR KA R AR, 457 YZG-331)50~0.5h
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A10.5~1 h AN ] B B A il 1) Glu & & 5 45
T AH Bt B AR AL, R YZG-331 A 2l it 52
B )2 Glu & & R .

NMDAR 2 1 HX 1 28 22 5 it B B2 1) D4 Pk p 2
R A2 —, DhAETE Y NMDAR 42 i NR1ATNR2 (A~
D) 4R ) — il 5 DU SR A, A 1 NR L I 258 2 4 1 25 1
IR (1 B A B AL, NR2 (A~D) A& 15 W B8 A7, A [
) NR2 WP 3 e 52 NMDAR [ 28 fith 5 437 F1 Th RElOl, &
4 NR2B ) NMDAR (NR2B-NMDAR) 3 % /) 1fi 75 i
LR R R, 5 H AR KRR ) NMDAR AH Et, NR2B-
NMDAR (1) 3k FH 5 5 5 52 4 S 20, 6} i T R
(8 =5 1 F o 58 SR, NMDAR 76 40 i 5 (1 ik 5F
AN 2 [ 52 ANAR IR, T 2 7 A4 48 0 1% B B 41 B R
JoR V) PR A 35R , DATIT 4E 4RF 2 f EE 2 TiT 52 4 11 20 2~ 4,
KRB Z AN FIRELIA . 2 NMDAR P 75 23R40
i )G BRI T SR T NMDAR IR 15, RREREN &
Glu X% a5 # 28 S0 I A FH 2830, AR Sz R A Minute™ i
I 25 1 R B A 53 4 B ) S L T S BRI B J2 4
F S B R0 P A R R T, R A Y ZG-33L S AR B A
i F 2% 9 R o NMDAR & & R 5 . Western blot
ST 45 KW YZG-331 i 3 AL 7 NMDAR W 3
NR1 1 NR2B 7£ & i F7 J51 # 28 70 240 i 2 [ 1) 3R 0K, 3
0T WA NRLATNR2B R A 2. PL g5 R iR,
YZG-331 33 1 A 7 J2 4 PR D A I A 2
Glu ) 1 B 52 /& NMDAR W 7%, 5 8040 i X 5 115
SAESIEVE TR, RS T ORI R JE A T I Y
P, RIFESLEFEIRIE

o 45 R 3R i 9 B 1 R LA ) A
&L, PSDO5 i — Fh S AR ER (A, W] AE R i Ji5 38 1 PDZ
45 #4485 NMDAR f) NR2B W 3 45 & % i NMDAR/
PSD95 & &4, Wi £ %5 2 NMDAR 7 4 g 5 5 i1
Fak B 1F e, 7E NR2B W1 % v 77 76 — > Ser-1303
W AT A1, 248 B B R CaMKIN B R 4k )5 7T LA
I 55 PDZ 45 #4485 1 NR2B 5 PSD95 K &5 & 3t 1 3K 5
NMDAR & 4= 1§ 7, 5 A% 40 g i 3% - NMDAR ) &
IR Ue18T AR A R 4 1) S AR N S R IE I A 2
A0 PR BE N B R i E B R, e B R R W
NR2B-NMDAR A F i T W i 1 4 . 7524k
KA N A I, HG R T B R DR B SR e A ) e
B2 A 0 5 400 T B P A HE N 4T B P, AT S R 9%
A LA 5 A% S T FEARES. 8 THR 7T YZG-331 5] i
(P& i 2 NMDAR P 75 1 H AR DR B ATL I, A S 56K
FH Western blot 75 £k 1 #E B 457 YZG-331 15 minJ5
N Bz 2 o NR2B Ser-1303 i 12 44 7K ~F UL &% 3 it
T E R e YT AR 7 NR2B 5 PSD95 HAH B4R

]
M

P50, %5220 54 YZG-331 J2& 5 il i T4 NMDAR/
PSD95 & AWML T NMDAR TN EFH . 5E
et R IR, YZG-331 n] fgi it K7 )2 H NR2B Ser-1303
Tl R 1L 7K - 55 25 38 0, i NR2B 5 PSD95 i #H .1 Fi
5. LA g LM, YZG-331 i@ i FH K NR2B 5
PSD95 & &ML i, 5 NMDAR [ P #3470

2i BTk, &% YZG-331 L i T NMDAR ]
NR2B Ser-1303 fif iz 1t 7K °F-, 3 ¥t NR2B 5 PSD95
FHELAE FHI8CS5, AT B IR T NMDAR I i f2 e 1k, fi
NMDAR P #1422, il /b H 5 40, F£IK NMDAR
AT RGO A M, AT RE 2 HOR IE B R
HIHLH 2 — .
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