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— AU AN N-FR E-D- X X FERE S RVHT22 40 A
A IRIP1E R

BER BE AP REM AKX FiE TENRT
(P P R 24 R 54 2 4 B, B T 210023)

WE 2 IIKRT = F BIK (metformin, Met) xF N-F 2 -D- R %5 B4 (N-methyl-D-aspartic acid,
NMDA )55 64 HT22 0 Ja45 45 640 2 AR AP AE . ARSMIEFRHT2248 /16, 3 - NMDAH-FHT22 48 e id
ZBGAER, 46T T FIRE 9 MetTRIR 47, ) 2m fo 575 5, A 2 MetTRPR 37 52 4% 7R Z; Hoechst33342
e & A0 PEAZX 4m LB T A8 LR S 3% ARk b F LR BL AUBR(LDH) A= 42 £L 4 3 AL EE(SOD)
89 % A B A B (MDA)#) 4% ; Western bloth2 | % fi & & PSD95. NR2B¥A ZAMPK. p-AMPK
YRR, 4RI T, R4, NMDA Y 8 2 -F 2 HT2240245i1%, 4 mmol/L Met, 3+ %3
4 tm AR 2 ARG A R R AR AE A AR 48 NMDA 5 -$ 2 HT2248 i, 8 =, LDHE K4+ &, SOD
& MK, MDAS 27t &, MetTR 47 ) it £ 454 £ T 4b; Metif it L HPSD95. NR2B. p-AMPK
B RGA, B X, Met T #8218 i 80E AMPK, 8 PSDO5/NR2BAZ 5 i 34 & 4F A 2 AR AP 4E A 4.

KHEIE HUIG NMDA; #Z8 R4 HT2240 M0, B /R %5 BRI

Protective Effect of Metformin on NMDA-Induced Injury in HT22 Cells

JIANG Mengmeng, LU Xin, ZHU Mengyao, YUAN Haiyang, GUO Zihe, WANG Yi, GONG Yuesong*
(School of Pharmacy, Nanjing University of Chinese Medicine, Nanjing 210023, China)

Abstract This study aimed to investigate the protective effect of Met on NMDA (N-methyl-D-aspartic
acid)-induced HT22 cell damage. Firstly, a NMDA-induced HT22 cell injury model was established and pre-
treated with different concentrations of Met. Cell viability was detected to determine the optimal concentration of
pre-protection of Met. Futhermore, Hoechst33342 staining was used to observe apoptotic cells. The activities of
LDH, SOD and MDA in HT22 cells were detected by test kits. Finally, the expression levels of synaptic proteins
PSD95, NR2B, AMPK and p-AMPK were detected by Western blot. The results showed that NMDA significantly
caused HT22 cell damage compared with the control group, and 4 mmol/L Met showed maximum protection on
HT22 cell damage induced by NMDA. NMDA increased apoptosis rate of HT22 cells, LDH activity, and MDA
content, and decreased SOD activity, which was reversed following Met pretreatment. Met could also up-regulate
the expression levels of PSD95, NR2B, and p-AMPK. In conclusion, Met has a neuroprotective effect by activat-
ing AMPK and modulating NR2B/PSD95 signaling pathway.

Keywords metformin; NMDA; neuroprotection; HT22 cell; Alzheimer’s disease
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BT 7R 7% 1 R 975 (Alzheimer’s disease, AD) & — Fi i3t
ATPER B H BT AT B R 2R AT M, AR tH 5t
DA EURAT HRE, HiZ220204F, 23K1GTHH4 68077
N A PARAE, PH-RR204E, Bk ABC-22 R 1
50, TADAR 5 WRERIETE 2, o5 e B 1
60%~70%", e 1 BRAE A2 2k LA AR A S B
5.

N-H 3 -D- K4 H R (N-methyl-D-aspartic acid,
NMDA), &NMDASZ K3 7. 4NMDAZ 14 #
o FEVOE I, FER] P AR D ws MR, AR R fid ey 2
PREBAL S SO, B AR A A B AR TP,
MEAD. [, NMDASZRIIRER T H 2 TAD.

= U (metformin, Met) 2 5 35 3 19 1k B#
W22 —o BEANE IR B 2= R, 12 AMPIE
1k 5 1 $EE(AMP-activated protein kinase, AMPK)
WEhil, B ReBIE AMPKIE P, 3 sEt R AE Y, 1A
T RN R 2R BURER, ek D vE B A B
(amyloid-B protein, AB)HJ A k&, 0 i Tauid % f2 1L,
IR TR J, AT 2535 2 211812

HT2240 8 F RV T /Nty S u 41, 727
A G S AR DT S e & o dn b v AL, HA
W R 2 R A, (A 5P ot te, BA 5
TSN IR AT SRR A, BT A FRAE Y
PRGN JTA AR T A i R, 215 S ADRETY
Mg Rz —. BT RS, ALKIHEITINMDA
75 FHT224H 453 £ K 22 SLADAE B, W15 R 15 Met
HLADJT HH HIER .

1 MR5REE

1.1 #8

L1 @i /DNRIESHE G RHT22 H 5
HH R 25K 5 v 24 5 5 S TR

112 KA EhER XU B 22 T e
AR A, NMDAI H 32 E Sigma /s 7]; DMEMK; 7
B0 B R4 R AV BR A IR A T 0.25%05
AL 1 35 E HyClone A 7 ; B 25 IMLIEFBSIA H 36
[ Lonsera’A @]; DMSOJW H [E 254 []; MTT. -4
B RMENE BT ZEEFHARAF]; RIPAR
fift ¥~ Hoechst33342 YL (i) H 1 ifF 38 = KA+
RABRAF]; LDHIA A & (55 A020-2-1). SODisk
& (1% 5 A001-3-2). MDAIR 7 £ (5% 5 A003-1-
)0 [ A Y TR AT R RECL R

WK B LR R A R A ] p-AMPKHLA
AMPKHi/K . PSDISHUAN H 3£ [H Cell Signaling
Technology s 7] ; NR2BHUIAN H 3 [E Proteintech 2
Al BRI A Y B (horseradish peroxidase, HRP)f5
WM EP RGN A/ R AMEH AR A
.

1.13 A% HERAcelll50i% 40 i 35 75 46 1 1 25
[ Thermo s 7] B AR H 3£ E TECANA H]; 5 M
HVKAN . FHVKAE . TEE KA. FERERE. FERE K
FE L B AR R G E R RERH A PR A ] mi-
crofuge 20R ! 3t 5 ¥4 ¥k iy 1 B9 0 LW B 3% [E Beck-
man Coulter/A &]; IX73 78] & % Y6 BAE W H H A
OlympusA ]

1.2 75

1.2.1 NMDA#AEAR 6932 5 HT224H1 % 137 °C.
5% COIMESFRAE R, FHA10%06 2F 13 DL R 2% 7 4
B R IRATINDMEMSE A8 38 36 85 77, e AL EE, f&
R Frgn it A 5 K S, BASx10°4y/mL
HEHA T 6L, FEFL100 pL, BEHAN T AL, K
NMDA H] 2% FBSHIDMEM}% 75 L V5 fild, e 1 Bl
ANEIHE(1.25 2.5+ 5+ 10, 20 pmol/L), 596
B 40 P U B JS I ANMDA, 37 °CHL[]§ & 24 h,
MTT A I 40 B AE V8 26, I Jia A 25 40403 1 B 1
W

1.2.2 ZFXINFRAP IR G E %1217 51k
FEFPO6FLAR, MTTIE M & 40 f i 2 Ak B YE L. 5
6 73 N 1E H 6 IR 2H (Control4H). A 2H(NMDA4).
Methb # ZH(NMDA+MetZl). i F 25 1 41, KMet
F142% FBS[DMEM; 7R A, Fii) AN R B
Metkh ¥ 2 F10.25. 0.5 1. 2. 4. 8 mmol/Lf] — F
BT FRHT2244 i, $2 102 hadb 47 BifR ™, 5 -
A E (2 B IR FE 3L [R5 97224 h, MTTV:
1 78 Met DRI (1) B FE VR BE, 1F 9 5 B2 52 56 (1 i
1.2.3 Hoechst333423 &40 2mfie A=  Hoechst33342
Pt F) 2 —Fh S DNASE & KR €58 g Rl T L
75 20 PR R AT ASE DU A0 B R T K X A K A B At
VA S HFP T-249 LR, BAL2 mL, BEALS 48 IR 5
XTHEZH (Control ). HEZZH (NMDA 4). Metib#E
H(NMDA+Metl), &3 5E R G, #3773 7, H
PBSH21K, FH4%% 58 [ 7€ 10 min, PBSHWE2IK,
BEYE I N\ Hoechst33342 4« (i3, AN K 724637 °CHiF &
15 min. PBSYE3R e, JHCE T 5 B 76 BAs W
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1.2.4 fafe. £ &R T LDHASOD A ZMDAS &
g9 BOSEUZE K I HT2240 1 L 1< 1054 /mL
SRR T 6L, BEFL2 mL, AbEE 5 S A
Mds 7RIk B, DA s iR & Ul B 1 O v AT R
I

1.2.5 Western blot 74 2@ e F PSD95. NR2B.
p-AMPK. AMPK#9 & & Ak 08 B A T
HT2240 ffd, 28 AbEE I A0 J5 A< 109> /mL 2 o 2 5 42
FhF 6L, BFFL2 mL, AbFR5E RS IR . R F
3, A PBSHE2X, £:1K1.5 mL, I ARIPA
ZLRRIR . PMSF LA B 18 1 I 400 1) 791 10K B 2R, 22
fife 5 I HUCA R BT B0 R, AR S O L
4 °C. 12 000 r/minZk N #0215 min, B EIE K.
BCAVEIME HIRE, FHEE 20 pg, THE EAAR,
TN _EFEZE M (loading buffer). _E#Ei#E4T SDS-
PAGE#EI LK, IBVEFEIEENCHE |, & TR,
FH 5% IR 4 0 = daE 1 by, IiN —Pip-AMPK (Fi
B 1:3 000). AMPK(FiFELL 1:2 000). PSD9S5(Fi
FELE 1:3 000). NR2B(HifE Lk 1:2 000), 4 °Cid % -
TBSTYE3 X, &F10 mine HITN X B ) — 3056 Bl
(PR Lh1:10 000), =i F1.5 ho TBSTHE3IR, &F
%10 min, ECL& Y. FImage JAXF S it K EEAE
12,6 %itsas® A i 5K GraphPad
Prism 83FAT Guit 2% 70 i, Bl DAxes R, 21 ) 2
b 358 R F LR 26 7 22 49 T (One-Way ANOVA), 21 1]
ELALP<0.05 7 2 1 2 5

150 =

100 =

50 =

Cell viability /% of control

N
{\60
00

“
N

2 H#R
2.1 NMDAXTHT2240A07F 5% AV SN0
FASTAHR B ) NMDAAE A T HT2241 ff1 24 h,
MTTH 45 5 5 ~, NMDAT A 5 1 40 7% %R 5
IRV T B, &I BEATIE RN T 60% 1 &
(10 pmol/L)VE A J 2R S50 IR FE (K1)
2.2 —HANANGTHT2240505E 14 R0
FEMettf HT22 40 A v 4 1 52 e i 98 o, 1 %%
X Met 1) 22 49 BE Yo Bl RS I, J2 7R 76 1 mmol/LI 41
JH 5 1 38 50 (P<0.05) . 45 ZiMetTRERH2 h, JE I
10 pmol/L NMDAZL[AIF F24 h, MTTSi 145 R &
7N, FHEC T AL ZH, AR FE M et X HT 22 4 i 1%
P 35) 8 Z R, {HMet?E4 mmol/LI {537 2% 5 e £,
(A 4 mmol/LMet#E47 f5 22 70(KE2) .
2.3 ZEXUANTRIF AT LAHIHINMDA S S AU 4050
AT
Hoechst33342 9% o 5] 5& — Fp 14 (% 6 G k).
TE A 58 AR T AT LUE Y R ST iR
WO MEBE, MRZKRE. g &8
P AT s . A I 25 SR 27, NMDAE 5
Agn R 2 LR 0, MetTARY 5, 40101
WS, T a0 2, HEA g ER L
(P<0.001)(&13).
2.4 Z—EXNANAE#EIINMDAS S HHT2240 A8
wmits
gE BB OR, 5 IE H 6 I 4L AH B 5, NMDAfR 7
21 1 7% W R LDHIE M 7+ =(P<0.01). SOD3E P F ik

o) NN ,-\,Q

#P<0.05, ***P<0.001, 55 1E# % BALAH s n=6.
*P<0.05, ***P<0.001 vs Control group; n=6.

NMDA /mmol-L!

Ell NMDAXTHT224075 55 R A0S0
Fig.1 Effects of NMDA on the survival rate of HT22 cells
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(A . (B)

1509 | |

100+

504

Cell viability /% of control ™~

0- T T T
&@ Qrf) ) N Y ™ %
C/Q

Met /mmol-L!

1501

HiH

E

=

15)

© —

B 100+ T

X

E sk

= T

_—§ 504

=

©

Q

0= T T T T

AN “ N ™ S
& Qv Q’]’ Qﬁ Vv

Q
S Met /mmol-L!

10 umol/L NMDA

Az AN[EIAR JE (R = FROSUICW HT22 40 M 520 B: AN [F) RS2 — W SUIT X NMDA #75 StHT 2240 M 451455 (K 52 . *P<0.05, ***P<0.001, 5 1F % % 40

HHEL; #P<0.05, #P<0.001, 5NMDARER LM EL; n=6.

A: effects of different concentrations of Met on HT22 cells; B: effects of different concentrations of Met on NMDA-induced HT22 cell injury. *P<0.05,

*kkP<(),001 vs Control group; “P<0.05, “*P<0.001 vs NMDA group; n=6.

E2 NERE ZHWNAXTHT22400 75 500

Fig.2 Effects of different concentrations of metformin on the survival rate of HT22 cells

A)

Control

50 pm

B)

801

604

40+

20_ .T

NMDA

NMDA-+Met

+

Apoptotie cells /% of total

pht :

it

I.?.ml

Conltrol NMIDA NMD/IHMet
A: Hoechst33342 Q¢ (15O IE]; B: I T4l &t il 18]; *++P<0.001, 55 1EH X RRALAHLL; #*P<0.001, SNMDAKRIZLFHLL; n=4.
A: photomicrography of Hoechst33342 staining; B: statistical diagram of apoptotic cells. ***P<0.001 vs Control group; “*P<0.001 vs NMDA group; n=4.
B3 ZHEWANXINMDAE S H M A TR0
Fig.3 Effects of Met on apoptosis induced by NMDA

(P<0.001). MDA & J =(P<0.01); 51 1Y 41 41 L,
—HOOUITZE B 7529 P LDHYE P R F#(P<0.01).  SOD3G
PETFF(P<0.01) MDA & & [ (P<0.05). 451 FEH,
— HOUTRE Y HNMDA S 5 I HT22 40 i 45 475 (K1 4)
2.5 Z—HWAIXTHT224858F PSDISFINR2BRIA
AR p-AMPKIK S 79520

JH I Western bloth Il % 24 40 g + PSD95 .

NR2B. p-AMPK W REENM . LI LKW,
NMDAALH )5, 4 gt AMPK ) 26 15 7K ~F J6 B 528
1k, PSD95. NR2B. p-AMPK (] ik /K 1 i # P& A%
(P<0.01, P<0.05, P<0.01)(&l5). 4T —H XUINTLR
)5, PSD95. NR2B K p-AMPK ) % ik 7K *F- & 2 Tt
H1(P<0.05, P<0.05, P<0.01), AMPK A T B 45 1k
(ERE
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2 2404
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E hd "
5 230
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a
= 220
210 T T T
Control NMDA NMDA-+Met
"
(B) 25 ©) 1.0 :
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—& . ) :
7. 20 ,‘_] 0.8+ #
2 E ala
:') ) * *
s 15 E 0.6
= i =
= o
2 10 ‘g‘ 0.4 -
8 kK ;
.
%] i A i
’ r;,l = 02 i
0 T T 0 1

Control NMIDA NMDA-+Met Control NMIDA NMD:A+Met
A: LDHYE /14511l B: SODIE 41Tl C: MDAE &4t #+P<0.01, ***P<0.001, 55 1E % % AL LL; *P<0.05, #P<0.01, 5NMDABRI4]
HHEL; n=4,
A statistical diagram of LDH activity; B: statistical diagram of SOD activity; C: statistical diagram of MDA content. **P<0.01, ***P<0.001 vs Control
group; "P<0.05, *P<0.01 vs NMDA group; n=4.
El4 —ERWAISINMDAS S HT22 48557 P LDH, SOD. MDARIF/AT
Fig.4 Effects of Met on LDH, SOD and MDA in HT22 cell culture medium induced by NMDA

(A) Control NMDA NMDA+Met

NR2B

PSDY5
p-AMPK

AMPK

B-actin

B)
AMPK

p-AMPK

_
=]
1
x
¥
#

NR2B
PSD95

Relative protein expression
*
*
*

=
Control NMDA NMDA+Met
A: Western blotA [F] 547 151; B: Western blotZ& i K EAE /3T, #P<0.05, **P<0.01, 5 IEF XA “P<0.05, *P<0.001, SNMDABRILAALL; n=4.
A: different Western blot strip graphs; B: anlaysis of Western blot strip gray value. *P<0.05, **P<0.01 vs Control group; *P<0.05,"*P<0.001 vs NMDA
group; n=4.
&5 —HWAIXINMDAIESHHT22482HPSD95. NR2B. p-AMPK. AMPKZE HRiAHIEM
Fig.5 Effects of Met on expression of PSD95, NR2B, p-AMPK and AMPK in NMDA-induced HT22 cells
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3 1ig

BT JR 2% iR 955 (Alzheimer’s disease, AD)s2& & 4F
N WL R 2, ADBE SR H 25 K4
BHFREAA 2 H# AR TUTEM fE. ADR R E
REAE A2 S Ml 25 0. B-VE K A 8 L UUAR B K Tautk
(1) 3k B W R 1 . NMDASZ A4 IR ik 5 s, A2 ADI
IR R 22—, BN 5 ADAE O 1 9 fih I g B A5
A R, Tl R FH 2425 4 Wi R NMDA 52 A4 5 0571,
A DL ADIRER . [RIIE, FeAl1i% FINMDA /A 415
FADREAL,

A SZ 6 45 5 R, NMDARE & % P& IRHT2241
L (A7 3% 28 9F HAZAE F 2 70 SO, S oAk 2 21
41 f WLDH 3 1, 5 2(SODIE M T %, MDA % &=
Jt 1; Hoechst33342 4% & i J7RNMDA R 75 5 41 fitd 7
T7; NMDARE T 20 41 fiis Y PSD95. NR2B. p-AMPK
HARIEKF N eI A -, — SN
P 1 0 B T HT 2240 i 19 47 3% %6 . LDHRE J R 4H
0 P 45715 F5E 2, SODFIMDA & %8 Ak N 38k (1) 0 32 45
Fr, — FEOUITAL BE 36 55 1 SODIE M, 980 T #5455 4 i
WMDA) & & DL LDHI R R, 32 ] — WU
BUFRPUAAER, nHRBIMA R R, thah, —H
BUIGA FE I FSNMDA - (FHT 2240 i (198 -4 FH 0
XL gh IR, W AU NMDAIE 5 [ HT224H i
T B AR ER

AMPKE & 4 B8 B A0 B B AR &, 4EFF R
40 L ATPA: P2 M AE i M B 2R 1, S4ERFCa™
Fads . BoRLR T R bR AG 55 7 1 2 UIAH OC™, A5 STk
al, — BN E AMPK AT B 1k 40 A 38 T2 348 n
FREE JCIE I ARSI 25 R, FORUIIGE I
5 AMPK ¥ 8 B8 10 1 5% T NMDAE T HT2241 i
IFET.. 5T 3% B, ADIIA 0B 5 4 T 28 foh Th
() A2, R 5 A m] A B BE 2 1) w22 0T 2% RS,
PSD95 2 Z fil 2 A A 28 kB Ik A Hh (1) — ol B 2 5
B E, i HPDZE 38 5 NMDA % kNR2B 1)
C-iiy 5 3 PE &5 A 17, 52 23 fih ] 98 % A 2 2] 9012
I AROSN R A SR ES A I T PSD9S 5 NR2BI £
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T H R TRAR 3 4 I 25 38 InPSDOS I 3R 04 &, 1
SRRl AT B . O ORI K SRR W, NMDA
2K FRINR2BE B2 47 LENR2A T 7 56 45 A1) - K i A2
14 5% (long-term potentiation, LTP)[{) 5 5, /R T
NR2BV B A 78 27 2] L 2 F v 1 2 24 2021,

AR, = H BT B PLIS NMDA W 5
[INR2B ) 1K T i, 34 fE BH 2 35 5 PSDIS5 (1) K ik
Ae 7, TRYHT22 40 M 5 32 10, 1X— S5 R om 17 2
ArSEie A R WG, Bt — PR TR
fisk (1) A2 4K

g EATR, —HXUITRINMDA i S [ HT2241
45 AR 30 7 F e % 8 1 S AMPK S R 1k, 11
NR2BUVA K PSD95H H 31k, Ry R AL RE, o3k 4
TR, T BAE — E HTADAE . 4B — AR 1)
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