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[ Abstract] Objective This study was to investigate the effect of caloric restriction on the plasticity of visual
cortex in adult monocular deprivation (MD) amblyopic mice,as well as to promote the treatment of amblyopia,and to
explore the possible molecular mechanism of this benefical effect. Methods Fifty healthy newborn Kunming mice
of clean grade were randomly divided into 3 groups using a random number table method : normal control group (n=
14) ,MD+ ad libitum group (n=18) and MD+ caloric restriction group (n=18). A mouse model of adult MD
amblyopia was established, and caloric restriction intervention and ad libitum were performed on MD + caloric
restriction group and MD+ ad libitum group, respectively. The visual acuity and flash visual evoked potential (F-VEP)
of each group were detected. The synaptic structure of visual cortex neurons was observed by transmission electron
microscope ,and the expression of phosphorylated AMP-activated protein kinase-a ( p-AMPKa ) and silent information

regulator 1 (SIRT1) in visual cortex were detected by Western blot. The animal feeding and use was in accordance
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with the standards set by the ARVO. Results The weight of mice in MD+ caloric restriction group increased from
the beginning of the first week, and was significantly lower than that in the MD+ ad libitum group (P<0.05).
Compared with the MD+ ad libitum group,the visual acuity was restored , the latency was shortened, and the amplitude
of F-VEP was increased in the deprived eyes of MD+ caloric restriction group (all at P<0. 05). Transmission electron
microscope observation showed that the width of synaptic gap of visual cortical neurons was significantly narrower,and
the thickness of postsynaptic density was significantly thicker in MD+ caloric restriction group than that in the MD+
ad libitum group (both at P<0.05) ; compared with the normal control group,the synaptic gap was widened and the
postsynaptic density was significantly thicker than that in the MD+ ad libitum group ( both at P<0.05). Western blot
showed that the expression of p-AMPKa in visual cortex in the normal control group, MD+ caloric restriction group
and MD+ ad libitum group was 0.89+0.03,0.94+0.02 and 0.74+0. 02, and the expression of SIRT1 was 0.97 =
0.11,0.95+0. 14 and 0. 58+0. 13, respectively, showing significant differences among the three groups ( F=14.57,P=
0.00;F=23.91,P=0.00) ,the expressions of p-AMPKa and SIRTI in visual cortex were increased in MD+ caloric
restriction group than those in MD + ad libitum group (both at P<0.05). Conclusions Caloric restriction can

restore the ultrastructure of synapses and improve the visual cortical plasticity in adult MD mice, so that help to
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improve visual function. Its mechanism may be related to the activation of AMPK-SIRTI pathway.

[Key words] Caloric restriction; Adult mice; Monocular deprivation; Visual cortical; Plasticity

Fund program: Key Program of Natural Science Foundation of Hunan Province (13]JJ2010); Youth Program

of Natural Science Foundation of Hunan Province (14JJ3153)

552 LB AL OE R B O R A IR, AE 4 I
RILERRER 2% ~5% ", hER S0 ILED @
100077, FHHLAL S BOR I K T, 4 1] 5 i XCAR
LI BE B SEARMRGE , 4% T4 3% K /NS BEAR 4 3 BC 534
Jr, 07 2 PUJa N2 B2 J2= w] BB FEA G i) 7 L 3R
R AL 18% ', 85 E A 3 6T vl (9N
R B BT A AR B B A PR B R 1 R
B, (HL 3 3 DA A 55 00 R 2 AT 9 M B U0 AR OG , IR 4k
HORT O LR JZE n] S8 P R AL R RE D R L B SR 55
AR IR . BEEMI R R T RS Y
PA A B JE AT AR B 2 S A, A N-FTE-D-R &
fi% ( N-methyl-D-aspartate, NMDA ) K 52 1k 207 1
PRl 4 By 2y 24 34 DL 5 i — il e I A A0 B )2 3K B A R
MU B, S T T2 R WL B T JRy A R4 2 B
0 2 T SR 1 75 2K T A B 1 45 4 A T e
U 1 RV, , w3 A TE 55 DRV 9T 19 Il R A vh 45 2
P o ERBTEERIEAN BB R ARG,
BRI 4 F BRI A A IR, ) MceCay 451" %% BLAR i BR
1l BB A 4 B A7 il Aok, B S 3 3 WY A A R 7
LR 5 A AIK 2  AE I MG VE B I & L ik
b, BT PR T S T T e T S5 2H 2 58 fi
ALIEE ok RN Y A A o Rin g S T R
Spolidoro %" fF 5 s BR, # ek BRL A 1] B BT 90 B4R
R B B 2 ) S RE AT SB 1, L B 2 A R 4 A R
AR A O A 728 A g 7 B4 i BIR T 10 7 A R AR L 1
fRE H P T B9 & 45 0] RE I e 2 B BE A B80S 9 20
T P R T R S AR 1 3O ( AMP-activated

protein kinase, AMPK ) F1 T 2k {5 B 8 77 B F (silent
information regulator, SIRT) 2 [6] B] A H. &2 i, H Aij & &
Bl AMPK-SIRT 3 5 5 9 1) 98 72 6 DD AR G, %
PR WS ST T PR R X AR B R 8 R
TG RO 1 AN R o ABESE B AE NG R R T 4R
KPR FR A X AT BHR 3% 2F (monocular deprivation,
MD ) 58 B /)N AR K 2 mT 8 1 1 PR 0 T VR L R
AMPK-SIRT1 ji & 15 2 5 FLR 45, S % 55 4L 8 L
LA 55 00 A8 R T S BB B0 SR S S B

1 #MREFE

L1 #PK

L1.1 Semah¥) 35 g R A R U/ 50 R
(PRI RS sh Y AR L) | MEMEARBR | 1E % 3R 8¢
T %, 2 20 ~26 CAHXF R 40% ~T70% ,12 h 5
M3/12 h JRIG SR IREE o A LI BT A 2V 2 A AR B
UE B} 27 BT G 2 ] 5 195G 349 S 30 ML I )
1.1.2 F200 SRt/ BROBERR A IR BRI 8 H
o ( phosphorylated AMP-activated protein kinase-a,
p-AMPKe) Hr B 4T {4 (1:200) A Hit /) B SIRTL #i 3¢
GEPLIA(1:200) \HRP-SE4H0 /N B 1gM (121 000) (3
LB AW ) 5 3R TN T i 5 S K ) & L MR R 2
2.5% R IRVECL 2 )6 Gt 4450 & (55 [ Thermo
Scientific A H)) o

1.2 i

1.2.1  SEBshWyordi e ab B g R A B2 W1/ L S0
H R BN 7 2k /N 9 IE 3 X IR (n=14) |



- 332 - B S IR B AR

2018 4FE 5 HE5 36 %% 5 ]  Chin J Exp Ophthalmol , May 2018, Vol. 36 ,No. 5

MD+H 4 (n=18) Fl MD+# B BRHI 4 (n=18),
/NBRL 35 IR A4 SR FH I P R SR L 21 H A 58 A A
AL, T35 H 57 I #2545 4 0 BRI , AR 408 43 4 E AT
TSR E 63 Hlt, T 63 H il ik 45 I 25 2H /N B S %
N AL 48 i & B A7 (flash visual evoked potential,
F-VEP) . I 45 5 J5 LA K #5025 Ak 58 2% 20 /08 B, 4K 9
(/IR i 37 52 37 B 3 ) L 2 B Dahlhaus 4577 1 Jy
PN BUZE AR J2 IR X 21, 38 S i i
WL EEAI 2 24 28 0 5% i R G 25 4, Western blot 125 46 I
AMPK-SIRTI jd % #H 5 8 H Y R 38

1.2.2 S5OSO BT Matfei %67 (7
2,885 21 Hg /NG MR G A dE MD 5580 8EAY , T 35
H U I 59 JF 48 5 (9 MRAS: . /N BUIEE S PN 0 S Jo &2 4 4
19 S Z AR (0. 06 g/kg) , BT BR A R A6 2% JH [ 6
R, I TR IEHE , NI 2= AL BT BR | R G2 240, 5
FEH 0.5 ~1.0 mm,6-0 22204 b T HRAG 421485 2 A,
TE AR, REERARLL T R IR o AR5 5 H IR IRAL
B R IR F IR A/ BUIR IG 5% & 4 SN, A R s g L 4%
LRI v LA e Af IR 0 2 0 I R S 38, O M b FEREAR
1.2.3 PR 70 E R 41/ BN 35 H i
ERARHESR, AR 1 dEEE L dRHE
B EE R IE IR FR A 0, B R AR 5R 2 63 H ik (RIAT
PR BRG] T4 J) o 10 s A& AL BURE R 9 0E £ R
(LD

1.2.4 /NREMMIIRERRI B A/ U 57 2 63
HOe i, A /0 BRI T fil 3t S 3, 2 B Drapeau
SR R 6 SCI AT LR AR I R O
P S g/ R AR, /) Bk FR R S S 5 20 em,
RS AR5 101 & 218 5 0, 10 s/ BB 20 B0 2 7
Sl il 3] ~F- 5 22 B HC R TGR TCR IRF(A] o 30 min A 5 42 ik
13 WSES, LA/ BRUAT JICPE S B ook F2 vp 80T R I 8] 71
g3 bR

1.2.5 /PNRE WA IBEM I 28 ISCEV rifE,
/B F-VEP K o 45 45570 BLAE 5 0O MR I % B T, B
T I NG A Y 30 min, ] DR A AR R E E 7Y %
ko 1% 15 U HE 22 B I IS 1 3 SRR 1 52 35/ LS
KUHIR 25 1 48 A i 52 07 FE L R G AR W e 70 97 i o SR ]
4 A S E L AR BRAS A R S80S E R
SJIE AP R S R B AR s R R R . T IR R OEAE
HREOE , R A A 1.0 Hz, A58 0.5 ~85.0 Hz,
I3 AT E] 2 250 ms, F 60 Yo 43 A T XLR F-VEP,
Ko — MRS, FHAS 375 6 R B2 58 4= 8 6 0 MR o 3 ¢ 4
YR B 45 5%, A 45 P00 AR M0 M AR i, % 2 D 3 R, IR
FF A

1.2.6  HLKZJZ P2 T8 fil BB I 45 M iy WL %6 F-VEP
AR J5 A B /0N B, T B DR e 0 A R 2 BUR X 2H
210 TR 1 22 DAL B )22 BUHIR X 2 40 28 2. 5% I3 %
IR R 2 v B IGC 7 ] 5 2 b, Joi e 23 S0 1 % BRI 5 R
[ 5E 3 h, R FL4r %k 50% .70% 90% £ BB /K 15 min
J5,90% & T AR 53 % 90% PN IR A5 R BUIR & i K
15 min,90% P4 i i 7K 15 min 43 35 AL 31, 60 C 4% 46
AL, ) 5 AL 50 nm JE ) B, 5 H 43 50 3% I R
~ MR B G . AR5 Kl & U0 e TaE A T
B T WS, R IPP 6.0 % 73 A 1 (56 [ Media
Cybernetics 23\ ) 3 H1 3 10 5% 4 21 /) BRUOBL B2 )22 il 48 0T
F18 2 il [71) B2 K% 5% fi )5 B W0 R T
1.2.7 Western blot 3£ #1722 AMPK-SIRT1 &
AR ER SR FH/DBAETT F-VEP Ml 5 4L 5E,
UK 1 BBCAE AR B 23 WU DX A 4, vk 3R ST 3K L B
VRIS o RN IR LR EERE 90 V 1H Ik M Ik , 1B #%
LRGBS s FLAR AR NS 23 5 i A A R 2T 4 R IR
PEAT e BN . ¥ JE 0. 01 mol/L PBS Y% 3 1K, it
I8 30 10% B0 NG W5 45 3 PAT 5 25 Bk 3 RO, 93 ) R AR
i/ B p-AMPKa 5 58 B HT 48 (12 200) #1451 /) B
SIRTI i yg BEHT 4K (1 :200),4 C i & Z )G 1
0.01 mol/L PBS ¥E¥% 3 ¥, ¥ A HRP-EHi /) [l IgM
(1:1000) 55 2 h, i ECL #& 2.5 s 5 Tmage J B AF
(% E National Institutes of Health 2 &) ) 43 87 WK G &
(A) fHi. Lk GAPDH # B-actin N Ny 2 M, i} &
p-AMPKa #1 STRT1 #H X} 2 ik & .
1.3 Seit2orik

K SPSS 18. 0 Geit oA F b 4T 5t M. A B
FEH R R 2 WK S IE S R IES A, Dhaxs
AU/ R G 10 d SF R R E U (RO
AR) (F-VEP P, 3 i) 75 AR 10 70 4R 0 40 B2 JZ 22 o0 2%
fi 18] B2 Bz 5 fih i 3% ) )5 p-AMPKa 3 | SIRTI
AR B SR B DR Ry 22 00 B, P LR
FH LSD-t K56 . MD+ [ Hy 7 £ 20 A0 MD + 3 R 1 26 A
(7 S [ia) A B 728 A L AR JHT T PR 3R 0 26 43 T, I LG
BRI LSD-t k550 . P<0.05 2= A G2 3o

2 #R

2.1 BRI /)N B BT 6 19 5 e

TE BN B2 MD+ 5 ph 3 2 410 MD + 34 5 R il 41
5 10 d FH 8RR (12.80+0.77) . (11. 90+
0.62) 1 (6.30+0.50)g, 2 R A G it ¥ X (F =
30.28,P=0.00) , Hrf MD+#A i BRI 2 /)N B o1 24 46
e BT MD+H H# a4, ERA ST #E L (P<



eSO IR B} 44 75 2018 4E 5 A 4536 4545 5 1 Chin J Exp Ophthalmol, May 2018, Vol. 36 ,No. 5 . 333 .

0.01) ([ 1), Fifizg/INEH i 038 m, 25 4170y B 44 o
WA —E B HEE T JEFF 4G, MD -+ B 21
N B AR 0 G ) Ay LR R B B AR F MDD+ H
HEH, ZR A% FE L[(103.33+£2.55)% 5
(107.67+4.33)% ,P<0.05 ], HL.7e 4 3 2 J8 J5, MD +
P BRI 20 /N BB AR BT i IR e TR R SR R 2 A
3 JE RN 4 JER T AR A 43 L 4 R (107.25+4.75) %
(108.08+5. 17) % 1 (107. 83+3.45) % , 2R L4 it 2%
B (P>0.05) (K 2),

X 20 Sl ST e
15 a 2120F o MD+HlH#HEHE .
po &

= 10 ot

& i ab ab al
g s £1001 ab

o =0 PR :

e 0 1H 2H 3 4H

E% MD+fidE MD+H
XA WA el o 9

Bl RANMNRRFI0dTHFRELN 5 MD+a Al
B,"P<0.05 (SR R 5 225007, LSD-t K ) MD: IREZF  E 2
MD+BHi# AN MD+AERHAFEHESEREETL 5
(7] B i i, MDD+ By 3 B 21 LU A, * P < 0. 05 (1 I 3R 05 22 40 #r, LSD-t
Krd)  MD: HIR R SR

2.2 FH/PNRUEE K F-VEP 17484k

TE 0 B MD+ P BRI ZH A MD+ 5 iy B 21
JINBUER TR T 38 43 51 24 (90.00 +4.22) %  (89.00 +
2.94) % F1(26.55+2.52)% , =R A G FE L (F=
172.100,P=0.000) , H:tf MD+ [ fy 1 & 41/ B R
T R AR I R 6 B A, MDD + R B ) 2 /) B
TINS5 MD+H AU B m, 2R A5
HFE () P<0.05) (& 3),

IE 0 B MD+ P R ZH A MD+ 5 iy ik B 2]
F-VEP P, I B9V PR B0 43 51 R (71.33%2.91) (66. 57 +
6.08)F1(84.14%1.67)ms, Z R H G il 235 L (F=
5.075,P=0.019) ,F-VEP P, U (9 #% 15 45> 5 Ky (13.57 =
1.23) (7.75+0.37) #(5.67+0.92) uV, 2 54 G 112
B (F=21.000,P=0.000) , Hth MD+ [ i #2417 i
F-VEP P, 3 BV AR B 0E % BRAH A8, 4R R 88 E 8
X RELH ARG, 22 R IA Gt 24 5 XL (¥ P<0.05) ;MD+
P BR A 21 /N BRI 2R IR F-VEP P B0 AR I8 MD+ H
M B AR, PR IE A MD + Bl gF A W W 2=
SWA G R E X () P<0.05) s MD +#i B 26 /s
BRI ZFHIR F-VEP P i AR I A0 R 1 5 1F 5 % B4 L
MERHTG T L (¥ P>0.05)

2.3 52 R R JE P2 o0 5% Sl S ) 2 Ak

1EH 6 B2 MD+ 3G BRI 41 f1 MD+ H i i 2 41

S 90r g . EIOO .
bl = 80 2
§ 60 = 6
30 240
S % 20
¥ &
1% MD+H BT MD+#AGE 1EH MD+H i MD+#A &
DOV /1 I U 3 ) AL Al BAL
20
% s 2 3 SENRERBINEL
E . B 5 MD+ [ HE AL,
= 10 P<0.05 (31K % 77 % 4 B,
= s LSD-t i B0)  MD: i B 3 28
A B4 &£A/NE F-VEP i
MDA MD+ i WA LN R P g, B IR

xﬁﬁ?ﬂ e Rid @
3 =l it = I’
AR HILERE B4 41N B P

PRIA LR 5 MD+ A Hiff @4 HER, P <0.05 (B H % 05 2 40 ¥,
LSD-t #35)  MD: 8l #| 25

PR BZ J2 10 28 702 ik (1) B2 49 03 A (12.43£0.57) ( (14. 86+
0.83) il (19.29: 1. 41) nm, 58 il J5 B % 49 )5 ¢ 43 51y
(0.99+0.05) . (0.82+0.02) Fl (0. 74+0. 02) nm, 2 5
WA Gt L (F=12.09,P=0.00;F=35.47,P=
0.00) , Hr MD+ F i £ 41/ B Bz J2 P 48 70 28 il
(1) B2 4 T X6 BEVZH 1 5, 98 i 5 B0 W) R B O R X
MRZ AR, 22 R A Gt 24 3 L (34 P<0.05) ; MD+#4
0 B 2 /0N BB A B 2 P 28 6 2 fl B] B 8¢ MD+ B |
EE A AR A T R il S BUR YR EE R MD+ 3
Mk AN BNE, ER B AESItFRE L (Y P<
0. 05) ; MD+H it B i 21 /)y B0 25 IR L B2 )2 pp &2 R
fik 1] [t R R 28 0 58 Ml i B0 ) IR S OE R 6 IR LR
ZS BTG E () P>0.05) (K 5,6),

2.4 HHMEIZHAL D p-AMPKa  SIRT1 & [ 19 3=
ik L

BSs ZEHEFERETSE
HAUEEMETHET (AR =
0.5 wm) A IEF X 2
B:MD+H i #AH C:MD+
P R 41



- 334 - B S IR B AR

2018 4FE 5 HE5 36 %% 5 ]  Chin J Exp Ophthalmol , May 2018, Vol. 36 ,No. 5

o

=
=)

?’%ﬁﬁ*&)ﬁﬁ(%ﬁ%@)ﬁ(nm)
O

g
=}

EH MD+H i MDD+

EW MD+HH MDD+
y WA I ]

MEEAL el BRI
E6 EHEFEMRETARNEHEZTRMERERMERENE
B A KA R TS ikl 98 I B S AR
Mz o R b S B )R LS 5 MD+ | b R 2 B, P<0. 05
(BHR Ty 225047, LSD- 4 )  MD . Bl %7

Western blot 6l 45 £ 7R, 1E & X BB 2 . MD +#4
R ZH A MD+ B B i 4 p-AMPKa 2 [ 3R KK F
4354 0.89+0. 03 .,0.94+0.02 F1 0.74+0. 02, SIRTI
M FEIEKFESH R 0.97+0.11,0.95+0. 14 F
0.58+0.13, R ¥ AH Gt E XL (F=14.57,P =
0.00;F=23.91,P=0.00) , H:H MD+H & B il 41/ 5
Mz 24 21 p-AMPKo, SIRT1 25 [ 1) 46 38 7K °F 8%
MD+H BN A B ET &, ZRWASITFE X
(¥ P<0.05) ; MD + # i3 BR il 41 /)y B B 2 41 4L v
p-AMPKa Al SIRT1 # H /) 3 1k K F 5 15 5 0 I 4] ke
MERHTGI4E L (¥ P>0.05) (K 7,8),

I8 1.0 a &
AMPKa - 62000 0.8

g = 0.6

p-AMPK [ 62 000 = )y
[

o 1 % >

T MD+I MDA &
e ithm waa @

EH MD+H M MD+{E:
WA EEA REAGD

a a

wooy o EH MD+F i MDA

T e T e g
BH7 EHANBURAEEELAF p-AMPKa £ B ) RIE L&
A:Western blot i £ ll p-AMPKa 2 H ) £ ik B: M 24141
p-AMPKofE HRB M E = L 5 MD+H HiF & 41 4L, P<0.05
(PR T 25007, LSD- K5 55)  p-AMPKo: B R 1k IR BRI R 11
P4 o ; GAPDH @ 2 H I 72 A %0/ 5 MID - B R ) 25 8 FAHNMR
MEEHLAF SIRTI EAMRKIELLE  A:Western blot £l SIRT1
BIEL  BRUEEA S SIRTI 2B (1R M0E L8 5 MD+
A B A A, P<0. 05 (R Jy 225047, LSD-t 435 ) SIRTI : T Bk
G BT 7 1;MD ;R

3 itig

555 M 14 6 o AL A o R Tt , R IA R o B T
BAEMZE , SR Z P BPEmVIR G a RS
F14 73 516k 28 RE S AN [] ) A S5 42 38 A s AR VE 14 G 2

AT X RPRE IR P2 R GRS BE R AR
A3, P2 2 S 0 I 46 45 0 o B BRI T %R
fi 2 B 2 A K, G BOTT B B T M. BLAR A
SRTE N BT SL B L8 R G200 % & AR AE S0, 18
ST AL 4D S R A R 0% o R IR IS — S 0 s AR A
~ 0 B T2 R e 2 Bl 0 £ 0 R e 25 [
B 0 5 AT R, S B U IS A 1 O R iR T LA
R 2 TR . RO 58 L B AT L 5
()38 36 36 7 6 40 K5 40 B DI 45 g A8 AR 4T 1 1R 9T L
ST S B R 19 L R IT SR BT . R
VLSE T ) — A e AR )G 19 ~32 47 A s
B 7E/NER 21 HO I (B 7 LS & 7 I SR )
SEA T AT MIAR G, 5 20/ B EZ 2 WU X () i 25 240 g
SXF A 340 25 MR o) SR i T o 3 2 R ) 0 Y e 7
S, T 6 ) 2 R X 000 00 B )2 SOU R R X IR 1) o 42 T
(9 % il D B N e o A< 5236 v, MD 5 Al sk 3t 2 5 A
IR AT, B2 R F-VEP P, 3% 38K 10 4E K, 3% 1
T AN, ABFFE UL SE T 76 ¢ 51 A AT MD 2 JH
5 /IN B2 2 XU MR DXt 28 76 2 fh ) B 48 5, 2 foh J5 500
WIS, 2 W] S il S5 AL DA D RE R K, B A IR D

Pt R AR — A G T 0 ph R Y B
(A 7 3K, AR T LA 58 LR BF 5 B0 T BT o, )
TR TT I R TR £ R T
S T iy, S0E % R 9 R i L S &2 5 5 A
SEIRBG o T AF R A 2 1 TF TS UE 52, At BR 13 R
B3 AR 0 37 T K % T R S5/ 2 i 2B AT MR 1)
KA e e T B B 3] GCAZRE Y L AR
5 38 4 B PR A AR 55 OB RN B AR 4% 4/ R
VLG F-VEP 5 fish 1) #8180 45 ¥ S A 00 Bz J2 19 7T 98
PEASAL o T R MD 55 WA 0 ) A /N B, 76 24
T 4 JE B R R R 3RS LU (F-VEP P, B (9%
RS % 8 8 24 42 30T T 5 % B AL/ B, S g A MDD+ 1
FH R L/ BT S 3 53 S vl T S OB R R S R
75 , MDD+t [ o 41 /0N B Bz J2 b 428 5 2 fk I B A 5
G filh 5 S50 Wy 3 V5, 3 A A I R o 2 )2 T 2 A
SEHLHRI TS 3, 58 fih o RE ke 3%, LN REIK B . AR
F4E Y Spolidoro 25 Y HiH He A —

H 0 T 00 K 2 7T 98 4 2 1 WL o i 1
5 (L) H Ik M 22 010 % 75 R 3 SO0 B )2 i 42 [
B T A R AR 3R BT A5 (2) MR B R IN T IR IR
TR S 28 T0 1 75 iy 46 S5 5 (3) Bl 2 T 20 A 3
KT BRI [ 1L T M2 Eg . Spolidoro 21
RS S B, i 0 A R S 4 5 I o 28 2 K TR 7
G308 Y 1 e o 422 G ) B ) 4% 44 ) ke A R TS



S EG IR B L A5 2018 4E 5 HEE 36 455 5 ] Chin J Exp Ophthalmol ,May 2018 ,Vol. 36 ,No. 5 . 335 -

OB 2 T 5 1 L ) 3 A A R ) A S o o 22
JG v-%, 4 T R (y-aminobutyric acid, GABA ) & h{ 3¢ &t
fit GAD65 [f) ik T [, fff GABA g RS VIR 55 , 11
T A0 17 )2 ] % v % P et 28 o0 AN ol 1 48 DT 22 (R
VA 5 AL, B PR BE eI 4H 2 A S Ak K T, 2
A Y e A SRR S B8R DNA [ 7% 5% K 7, o T 98 45
M ICI IR . ARBFSE % BT AMPK-SIRT1 B il
%2 5 P RO BUAE AL R 2 AT 98 1 Y PO R .
AMPK FI SIRT #4444 Py 81 1 A 2t A 38 1) O B 43, iy
30 1o W R AL T U 0 0 K 1R AR
HME— KM F NAD [ L S BhAL i, 8 THias &
B2 R o #E PRI, HLIAR P ) ADP/ATP (AMP/
ATP LU 3% 5, 5 30 AMPK 800, 5 ok % 2 Ak 0 1
SR HI 2T T AR R MD+ H Bt
55/ B R J2 o AMPK 8 2 16 K SF- T B, 90 803
REAIG, T MD -+ B 1 410N RO B2 J2  AMPK 8 2 1k
KO- 3 BRI & VEP MR 48 bR A4S 2K &, %
B AMPK R Ak /K ~F- 5 55 40 09 8 B AT 5%, i 34 o FR 1l
A RE 38 I R LB R A KT S S T RE . LA, B
BR LI AMPK 38 i FOX3a PGC-1a SIRT %5 {% =i
B TS P Ak ) 40 R T S AR
FOX3a J& T X3k HE 5% 5% P 5 ) A B, ELAT 9015 40
FELR T L R A0 A S 0 £ L SIRT BB 5 2 45 5 JF AL
S, B8 i A AR Y BELVE . DNA & & TRk, I 0
55 FOXO3 4 #i 9 4 i i ="' . AMPK-SIRT1 3
1% AL T FOX3a i A2 080 /0 b 28 76 1 0 12, il 40 12 )23 3L
AR DX PR A R 22 5 i 1) % 3810 25 IR B I A b 28 A L, A
B B 2 A L HE 22 T 0 TR 2R, 0 2 J2 7% i X ) 2
AR %) &0 S0 O 1 1 #1228 ] 2, 2 30 OE R A AL
e, PGC-la J2 V445 4N B A8 1) — ol A% 5 o i 00
P, 25 18 15 ok R B A= 0 i, RE IR £ B A i T
VEG R, BHL Ik 28 R0 1A & 22 A 5 10 40 M 0| 0
AMPK 5 SIRT1 2 [ia] 5] LA AH H 384006 | 3 580 5000 1) & 4% -
PG ) AMPK m] DU i B NAMPT (1353, fiff NAD”
9 Fr 3 I, JE T $0E SIRTT 3% ) SIRT1 A i
1t 3 i LKBI1 ( liver kinase Bl ) 19 % 4 K #% 7%
AMPK"™ . H i € % BB R ) B 3% 75 AMPK-SIRT1
BRI S (I RN & o -4 O - =R F A A
BEME R . ARHFFE P Western blot K 45 5 & B, MD
Jei i Rl AR R R SIRTT Ay 36 ik, B R i
F LA M R 5 T MD 500 W T BE R
5o M IE 45 SRR N A SOk Hh v A D G

B2 A R — P A R TS A MDD 5
/N B B2 )22 ] 28 1 1 JC B T TUHE it 48R R AT AE

i PR AT Do o R o A i A B D SO R T RS
BB 1 55 00 R AHL iR T AR S o O R A AR BF 5
i R B % A i o [ 5 4 ) R 3 A Gk E I
PR b X LAY 8 A ] B8 1) 355 40 o B 20 R 11 4
i PR S 2 A% B A ZE SR I IR) LA SR B OE R R
Ja RE K 4E R 1297 3. ek, 7E HE AT AR R 6 7
I, 2 A0 T A 5 i 5 R R E A HR R RS I, A RE
T PR R 2 (7] I b O S8 B IR AN AR B T
—HTE . T3 Oh BOR E TR B AT B R
BB MR T B B X B IR B R
PRI , 75 AR SR I T v, F AT 22— 255 240 P % A i FRE
AR 5T, SR ATAT Y IR 16 5, FF TR AT HAE FIPIL i
HEAH 25 A E 5T, 3 R AE AR X M Pk B BR A ik A
S VY SR S/

2% Uk

[1] Sturm V. The lazy eye-contemporary strategies of amblyopia treatment
[J]. Praxis (Bern 1994),2011,100 (4) :229-235. DOI.10. 1024/
1661-8157/a00442.

(2] s, R0, S ATIRARR 2 [ M. Jbat: AR TR W Rii: , 2000 :
690.

[3] Hoyt CS. Amblyopia:a neuro-ophthalmic view[ J].J Neuroophthalmol,
2005,25(3) :227-231.

[4] Noorden GK. Mechanisms of amblyopia[ J]. Adv Ophthalmol 1977 ,34 :
93-115.

[5] Krahe TE,Medina AE. Activation of NMDA receptors is necessary for
the recovery of cortical binocularity[ J]. J Neurophysiol ,2010,103(5) :
2700-2706. DOI.10. 1152/jn. 00442.2009.

[6] Harauzov A, Spolidoro M, DiCristo G, et al. Reducing intracortical
inhibition in the adult visual cortex promotes ocular dominance
plasticity[ J ]. J Neurosci,2010,30 (1) : 361 -371. DOI; 10. 1523/
JNEUROSCI. 2233-09. 2010.

[7] Maya VJF,Sale A, Viegi A, et al. The antidepressant fluoxetine restores
plasticity in the adult visual cortex[ J]. Science, 2008 ,320 (5874 ) :
385-388. DOI1:10.1126/science. 1150516.

[8] Maya VJF, Tiraboschi E, Spolidoro M, et al. Serotonin triggers a
transient epigenetic mechanism that reinstates adult visual cortex
plasticity in rats[ J]. Eur J Neurosci,2011,33 (1) :49-57. DOI; 10.
1111/j.1460-9568.2010.07488. x.

[9] Taha SA,Stryker MP. Ocular dominance plasticity is stably maintained
in the absence of alpha calcium calmodulin kinase II (alphaCaMK I )
autophosphorylation[ J ]. Proc Natl Acad Sci U S A,2005,102(45) :
16438-16442. DOI:10. 1073/pnas. 0508185102.

[10]McCay CM, Crowell MF, Maynard LA. The effect of retarded growth
upon the length of life span and upon the ultimate body size. 1935[ ] ].
Nutrition,1989,5(3) : 155-172.

[11]Pedersen WA, Wan R, Mattson MP. Impact of aging on stress-responsive
neuroendocrine systems [ J |. Mech Ageing Dev, 2001, 122 (9) :
963-983.

[12]Fusco S,Pani G. Brain response to calorie restriction[ J]. Cell Mol Life
Sei,2013,70(17) :3157-3170. DOI:10. 1007/s00018-012-1223-y.

[ 13 ]Spolidoro M, Baroncelli L, Putignano E et al. Food restriction enhances
visual cortex plasticity in adulthood[ J/OL]. Nat Commun,2011,2 :320
[2017 - 06 — 09 ]. https://www. nature. com/articles/ncomms1323.
DOI;10. 1038 /ncomms1323.

[ 14 ] Burkewitz K, Weir HJ, Mair WB. AMPK as a pro-longevity target[ J].
EXS,2016,107 : 227-256. DO1:10. 1007/978-3-319-43589-310.



- 336 - B S IR B AR

2018 4FE 5 HE5 36 %% 5 ]  Chin J Exp Ophthalmol , May 2018, Vol. 36 ,No. 5

[15 A0 R BEIY, bREY 45 RE SRR AMPK-SIRTI 3 #% 15 4 4F 4 452
[J]. A= fir ®} 22,2014, 26 (4) : 548 - 552. DOI: 10. 13376/j. chls/
2014053.

Dai J,Zhang XM, Lin L, et al. Energy sensitive AMPk-SIRT1 pathway
and the regulation of inflammation [ J]. Chin Bulletin Life Sci, 2014,
26(4) :548-552.DOI.10. 13376/]. cbls/2014053.

[16 ] Dahlhaus M,Li KW, van der Schors RC, et al. The synaptic proteome
during development and plasticity of the mouse visual cortex[ J/OL].
Mol Cell Proteomics,2011,10(5) : M110. 005413 [2017-06-13].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC3098591/. DOI;
10. 1074/mep. M110.005413.

[ 17 ]Maffei A,Nelson SB,Turrigiano GG. Selective reconfiguration of layer 4
visual cortical circuitry by visual deprivation[ J]. Nat Neurosci, 2004,
7(12) :1353-1359. DOI:10. 1038/nn1351.

[ 18] Drapeau E,Dorr NP, Elder GA et al. Absence of strong strain effects in
behavioral analyses of Shank3-deficient mice [ J]. Dis Model Mech,
2014,7(6) :667-681. DOI1:10. 1242/dmm. 013821.

[ 19 1 e fes o k. TR W0HG S0 AR 3 ) WL B 2 kAT 98 P 1 T 9 o
[T]. A B Rl 22k J ,2012,43(6) :471-474. DOI; 10. 3969/j. issn.
0559-7765.2012.06.015.

(20 ER A, X, i i, 5. RS 5 F w RIS T B 4R

S0 B B 2 AT 98 A FE OIS AR LT ] b B RIS /N LR R 2%
#%,2014,(1) :5-8,54.
Wang YY,Liu XL, Li JJ, et al. Effect of reverse suture combined with
enriched environment intervention on the reactivation of ocular
dominance plasticity in the visual cortex of moncular form deprived
adult rats[ J]. Chin J Strabismus Pediatr Ophthalmol 2014, (1) :5-8,54.

[21]McGee AW, Yang Y, Fischer QS, et al. Experience-driven plasticity of
visual cortex limited by myelin and Nogo receptor[ J . Science, 2005,
309(5744) :2222-2226. DOI;10. 1126/science. 1114362.

[22]Mattson MP, Chan SL, Duan W. Modification of brain aging and
neurodegenerative disorders by genes, diet, and behavior [ J ]. Physiol
Rev,2002,82(3) :637-672. DOT:10. 1152/physrev. 00004. 2002.

[23]Schroeder JE, Richardson JC, Virley DJ. Dietary manipulation and
caloric restriction in the development of mouse models relevant to
neurological diseases[ J]. Biochim Biophys Acta, 2010, 1802 (10) :
840-846. DOI:10. 1016/j. bbadis. 2010. 04.007.

[24 ] Thrasivoulou C, Soubeyre V, Ridha H,et al. Reactive oxygen species,
dietary restriction and neurotrophic factors in age-related loss of
myenteric neurons|[ J]. Aging Cell,2006,5 (3) :247-257. DOI. 10.
1111/j. 1474-9726.2006.00214. x.

[25]Hardie DG, Ross FA, Hawley SA. AMP-activated protein kinase: a
target for drugs both ancient and modern [ J ]. Chem Biol, 2012,
19(10) :1222-1236. DOI.10. 1016/j. Chembiol. 2012.08. 019.

[26 ] eTi:, JI3H , 9. AMPK, SIRT1 5888 Xt [ J]. [ bk 2Rl 2%
HilE R 4% 3% ,2009,29 (3) :202-206.

Zhang HS,Zhou Y, Xu F. AMPK, SIRTI , and energy metabolism[ J].
Int J Pathol Clinic Med,2009,29(3) :202-206.

[27 )42 , 555 2%, SIRT1-FoxO- F Wl B AT 52 JR (7). v [E 25 3 2% 5|
12,2014, (7) :901-904. DOI.10. 3969/j. issn. 1001-1978.2014. 07.
004.

Xu J,Huang XL. Research progress on SIRT1-FoxO-autophagy pathway
[J]. Chin Pharm Bulletin, 2014, (7) : 901 -904. DOI: 10. 3969/j.
issn. 1001-1978.2014. 07.004.

[28 ] 2, i . SCKAE (Fox) %S I F KR 4509 ST Re [V ]. A
B12%,2006,18(5) :491-496.

Cao DM, Lu J. The structure and function of forkhead ( Fox)
transcription factor family [ J]. Chin Bulletin Life Sci, 2006,18 (5) :
491-496.

(20 Bk 25 4 G155 96 61725 0 4 58 T AF-1E 045 B I T 56

FUH 248 SIRT1/PGC-1o 3 fif M 52 [ J]. o [ o 2 7% 35,2014,
39(1) :100-105. DOT:10. 4268/ cjemm20140120.
Chen ZY, Li JS, Jiang JP, et al. Effect of pure total flavonoids from
Citrus on hepatic SIRT1/PGC-1a pathway in mice with NASH[J].
CHN J Chin Mater Med, 2014,39 (1) : 100 - 105. DOI: 10. 4268/
cjemm20140120.

[30]Pani G. Neuroprotective effects of dietary restriction: evidence and
mechanisms[ J]. Semin Cell Dev Biol,2015,40 : 106 - 114. DOI; 10.
1016/j. semedb. 2015. 03. 004.

[31]Cants C, Gerhart-Hines Z, Feige JN, et al. AMPK regulates energy
expenditure by modulating NAD+ metabolism and SIRT1 activity[ J].
Nature,2009 ,458 (7241) : 1056-1060. DOI.10. 1038 /nature07813.

[32]Lan F, Weikel KA, Cacicedo JM, et al. Resveratrol-induced amp-
activated protein kinase activation is cell-type dependent; lessons from
basic research for clinical application[ J/OL]. Nutrients,2017,9(7) :
751[2017-08-03 ]. https://www. ncbi. nlm. nih. gov/pme/articles/
PM(C5537865/. DO1:10.3390/nu9070751.

(33 o, I A iR, 45 At BR 5@ . AMPK-SIRT1 -2 {4 i

BEIEZE/N B B LR (0], 3% = ZE R R % % 4, 2017,39 (6) ¢
548-552.DO0OI:10.16016/j. 1000-5404.201610056.
Pu RX,Bai CC,Xie DL, et al. Calorie restriction delays skeletal muscle
aging through AMPK-SIRTI -mitochondria pathway in mice[ J].J Third
Milit Med Univer,2017,39 (6) : 548 -552. DOI. 10. 16016/j. 1000-
5404.201610056.

(Wi H #1:2017-09-30 &l H #:2018-02-06)

(A S8 X3 )

W - AEH - G

KA RBHEEZZHNZTRER

A3 1) A T 45 A I 28 48 B2 AF 5 LR £ 00 - (1) S 5308 09 2 M 2 3 ¥ it , 2 5 Sl ORI AT FE e, (2) 518X
4 A B BB 0T 8 SO HR Y O i 2 OGS A EAT B B (3) BE W L SR G R B R DL AT B L RE S S R R T AL .
S5 %515 B 4 sl BEOREE LU BHIE /N EAT — B B AT 2 MR o SCH AT SRS 45, D B AR 1 2 R B 28 4
TEA TR R A R o 46 M35 47 W9 SCRE L T RE44 8 91 10 25 44 BE, 1 SORS e SO ERE B Ik 474, O 20 W % S0 B0 25T .

V3 B 24 10 4 U5 X 38 SCTTRR R /NI HE 81 SCRE R 77, Bk 8 SO il 5 1R 1 4o W RHEBR 205 MR EE — 1
WAFAEE o AEF CRLAE A5 A58 ) 128 24 Do HE I 1016 B0 AT b BT A AT 50 2 J6 1] 3 98 0 A2, 76 4 HE 2o it v AS ‘B 738 S sl o, 0 Lt
AR AR R = 2 AR e i w7 sl B SR T AT B 2 R B0 2 44 ) R0 R T R BRLIE T o AT B SOOI I8 25 A 45 0A B AT 4x AR AR

HHAWDUEPEE P T RIOOUEZ T,

(A T 43T





