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March, 1981. Master degree. E-mail; | [Abstract] Objective To investigate the effects of cholinergic neurons and neu-
linlingshengli@ 126. com , rotransmitters in the plasticity of primary visual cortex in rats. Metheds Thirty-six a-
R . dult Sprague-Dawley rats were divided into three groups: control group, agonist group
> W # HHA .2014-04-22 . .

& E B 1 :2014-07-20 $ and blocker group, 12 cases (12 eyes) in each group. All of rats were anesthetized,
KGR ~ fixed ,implanted recording electrode and glass microelectrode in the primary visual cor-
SR ETRE. B LR tex (V1) and reference electrode in the frontal lobe. Each group of rats were given vio-
B 2012 K9 E SRR se e Byt ¢ let flash stimulation at day 7,day 8,day 9 for 1 hour at fixed time after operation. M-re-
H (%i'5:2010807) ¢ ceptor agonist and blocker were injected at day 10,then a string of high-frequency flash-
1EFBA:462002 WAA RN, * ing stimulation was applied to the primary visual cortex in the same flash stimulus con-
VR T P 2 2 5 7;%% iﬁi}ﬁﬂm i : dition. The flash visual evoked potential ( F-VEP) before and after high-frequency stimu-
f**iij :22002 ' ﬁﬁﬁ%‘(ﬁﬂrﬁ ’E . lation were recorded in the primary visual cortex (V1) ,and changes of amplitude, as
ﬁff jj'ﬁ; e P e 25 B , well as peak latency were analyzed in each group. The activity of ChAT and AchE in pri-
Recjve d date; Apr 22,2014 . mary visual cortex were checked after high frequency flash stimulation in different
Accepted date: Jul 20,2014 « groups,and the expression of ChAT in different groups was detected by Western blot.
Foundation item: Natural Sience ¢ IResults After high-frequency stimulation,the amplitude of the F-VEP was significant-
¢ Rsearch Foundation of Luohe Medical + ly increased (all P <0.01),and the peak latency were significantly shorter (all P <
‘ College( No:2010807 ) ’ 0.01) both in control group and agonist group. While in the blocker group ,there was no
* From the Department, Physiology of ’ significant difference (all P>0.05) in amplitude and peak latency of the F-VEP. Mean-
¢ Luohe Medical College (LIN Ling), * while after high-frequency stimulation ,compared with the control group,the amplitude

: L’“’}IL)" 462002, HC;Z” Pr ‘f”é"“” fhi‘ : of the F-VEP was significantly increased and the peak latency was significantly shorter

$ Z: ;MZ)Z ‘:Z“Z:[Z “gg‘;o “’gy_’Lv’w" ¢ (all P<0.01) in the agonist group,while in the blocker group,it showed amplitude re-

S ge ( . Jing 1.) ’ , duction and peak latency lengthen of the F-VEP (all P <0.01). Compared with the con-

* Luohe 462002 , Henan Province ,China ? i R R . i

oeooecoscnecoecoscoecoenosccecneccs trol group after high frequency stimulation, the activity and expression of ChAT were
both significantly increased in agonist group (all P <0.05) ,while decreased in blocker group (all P <0.05). The activity of
AchE in agonist group was significantly reduced (P <0.05) and increased in blocker group (P <0.05) compared with the
control group. Conelusion High-frequency stimulation can make the LTP-like reaction in visual evoked potential. Cholin-

ergic neurons and neurotransmitters contribute to the plasticity induced by flash stimulation in primary visual cortex.
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[R83F] WEMEE AT HE R AL M Sk AL 884 270 ; Bk L BL 3t 45 8 ; LTP

[HE] Bi SFRILBEZAREREXRWBAEETRR P HER, ik 36 R (36 1) RF SD X A MM 4 3
SRR PRLL LB AV LR PRI AL, AR A 12 R(12R) . B K R AR B 26 A BAEE (V1 R) ALATT Tl Ao 3 55 5
MEFEASEEH, KRGS T.8.9 X TEEMNRATERFNEASL b, F 10 RAMBEH M LRGN A F st M £
PRILBT A A L E AR, ERE AR NS EETL T — SR, R EASMARTE VI RO LHF L B, 5 &
SLALSE 5 W45 04 B A Fodd BB 44 AL, A R B 28 5] K RAE 7% AL I S ) U 0 AL B P AR O Bk 45 85 ( ChAT) |22
BB ( AchE) /&, Western blot 4| R B 8% K R BALK E ChAT &, R sTRBAFESH A B AL R AEALN RS
M F R BALWGILRZ A L E A& (394 P<0.01) ,ﬂéaﬂﬁx&( ¥ P <0.01) , FLUT ) 201 (A Fod {8 42 1) 38 5T 5 2
FRGEWHFEL(HAP>0.05), £RAENLREE, 55BN, B A ABAF S (P <0.01) MAT4a(P<
0.01) , el 5 28w 18 AR (P <0.01) JEBHE T K (P <0.01), s RREIZEA K R2RATIR BRI BUE LI, 5 4 B La48 0, %
# #4849 ChAT 558 B3 (P <0.05) AchE &M A% (P <0.05) 5 [ 7 2849 ChAT & M9 B A% (P <0.05) , AchE 71
T+ & (P <0.05) ; LI | 2025 3% 3h 7] 20 ChAT AchE 7E M 2 F 2% (34 P<0.05), ChAT & & 9 %& 1% % Western blot %7 & I,
BHaf bR S A A 2 F MG (P <0.05), M N aA 2 FHBEIK(P<0.05), M M5 #MNuzFR2EP<
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0.05), &it BAMREA LR R AL FLLIZEZILTP R P, LBt 2 TR ERA45LE TIRLR S K

RABAL &G T T,

NFNEL B AE th A DAG , PRSE R SE RE 8 AR H5 20
B RSO TR AT 1 2 b 25 A e 22 B 2R R 2 %6
fl T IV . DA R )2 e mT v X A 4 4
I, BRAE LUG B R SEAE RO E R B, BAF
UG BORLRZ J2ATS 8% HAT T 3B W56 T S8 44 T fig
FEEREA A At B SC TR0 5 W] 9 1 1 i A B
— AR RL AT IR AR, A R R W, 2l
(RIS 33 5T £ T B A% ( Ach) X} B LTP A Y fb A
FHYST 39 2 )2 P P R 30 B 2 RE ALK T G 5 o 4R o
S DI RE IR A K . B AT TR AE
P e H i 5T 2R G AE 52 M mT 3 vk b i VR AR 2% )
TEILTT TERFFEARN B 2, (EN A58 P 38 1 A T 5
FHXF A Ay it — 20 W ff A0 1 )22 AT S PR B AL, AR 5
B AE N GRS A, 45 M SZ AR S TR
FI M SZ R BH IR AR B 0, WREE R BRI A 2 A
SR 15 & HL A7 (flashing visual evoked potential , F-
VEP) (520 , A0 58 B DN GRS IRG8 £ BE5% # il
( ChAT) FHRHBRERRE ( AchE) 1% PR 221k, 455 W
Je )7 ChAT i A I, R0 RHAR g A 28 o0 S H: 33 Joie
RGP 2 TP i E ]

1 RS

1.1 KWz EHE  fEHAE SD K 36 H (7]
B SRS bR ) IR BT & 180 ~ 220 g, MEME
Ao LR B4 3 2H 6 BREAH s AR 20 | BH W
M, A% 12 H,

1.2 (XB5ikF KB AR E 7/ . BL420F 2
WG5S 25 (R Z HRHECA R AR | e
IR B DAL (72 DL ve & 0w ) |, Power-pac200 HL K AX |
Trans-Blot H, 3k 1§ #% 1% ( 3% E BIO-RAD 2\ &) ) , anti-
ChAT #ifA (Sigma 22 H], USA) , M Z 4335 < 2 JH
Bid M. 32 ARSI 3 B %5 . ch AT 1 AchE 5l 38 551
& B-actin P04 TIC 5 B AR AW 20 W), 40 2R v
e S-P s g 4 Tk s rh g iR 2wl

1.3 ZhHIFAR 100 g - L™K A G R s v 5 IRk e
KEL(0.003 ~0.004 mL - g~") , [ 7 F 37 M4 E 74X
e R R, 2 BROK BRI i 7] P 33 o 5 00 A )2
VI X (FIREJE 7.0 mm, 255 2.0 mm) , 53 500
SRR E T VI X, ZH A E1LCATX AT 2.0 mm,
4755 2.0 mm) (5 FHUH, W R LL E2 (CHij X 1) i
2.0 mm,£552.0 mm) HZH K417 VI K (5id
57 FEL I R0 ) A 30 38 O AR A Al i 3 55, S 6 [
o RIEWUER KRR, 12 h 52/12 h B 5%,
F R YK RN

1.4 "xHE HOEARRKERE T AL
FRARH (60 cm x 60 cm x 60 cm) , 75 BRUAH M BE 42 46 &
JETMRAE (LED, | KM R 7 i R TR 22 B 1 1 42

fit) o ARG 7.8.9 KT & mf [ (F415 1 00)
5T RBEDEINDEHIE 1 b, JIEHTZ: 0.5 h B
IE, S0 R, £ FROREL, B i 60 I, 5
8.5V, TE 9 ms,

1.5 RAAYHMEIHEMBESHRE TA
JE 55 10 K3 2h 35 41 28 B i A R EL IR B (50
pmol « L") B UK 77 2 7 A 45 B 25 % (20 pg -
kg ™) S FIEEE 1 WL, X A2 A S5 A HE K
A5 20K BAEE S S8 AH V. 259 5 30 min, 7E4H [F] DG
FIBRAT TS 25T — R S A DGl (100 Hz, 5 s)
[F] 2510 5 R BRI 5 1 F-VEP {55 R 48 s M g
P 10 Hz, BFE]H 45 0.2 s fIRGH I8N 15 Hz( ZiE 0%
IFER) o

1.6 X513 ChAT AchE iFAMME [NOGHIFK
56 B AR SE I BR , 76 vk Ak b W Sk UG , B 00 fii
U B BRI JZ VI X K 4120 vk A= 3L
ER KR BR 25 I, DR AR T, BRI B i, TEOKTA R
FH R 50 3K R ARV Ik A B R /K il B 100 g« L'
LIS, EE 3k 0 8 ik 41 48 ChAT | AchE 117
7, TR B A AR S U 5 R T

1.7 Western blot 53#7 3 2H K BU7EIE 168 bk 1 i R
P A, VKA 73 B TR B2 )2, 1 1 10 A1,
BCA # 7€ 1) & ( Novagen ) Il 5 25 I & . 3
WA VREE N 110 mg + L™, 2 x SDS _F L%
MW ,99 C AR 5 min A FLH N 10 WL A% &, Tris-
SDS 58 A 45 T e B e 0 1 Al v ik PR A B B R 2T
HeZ L, AR W Ry iR 4 1 h, i A —$t (anti-
ChAT Hifk) ,4 Cad &, i & —40, TBST PEE 3 ¥K,
FR1S ming 43 3A0A 1 2 2000 SEHpfeHwh —ht, &
THER E4EZh, 2 F 1 hy 322 ZHt, TBST PEE 3
YRR 15 ming ECL & 6 71 G =5 B8O 15 B,
Image J BAF5 T RAFF-BO6E BE(E(IOD) o 758 H
PEIN RIS , I AR 2 51K BRI A0 2 )2 ChAT
MY IKIEAE, 5 B-actin 1Y B FE (R0 B8, FH JHAH X K 32
{H7R ChAT BRIk &

1.8 FitZEaS#h A SPSS 16.0 #4148 11404,
ESAHEAE x 25 £oR, B ES AU M
(P2.5,P97.5) F7n . ARIER 4370 900k L SR R FR
Ak , o 2 21 [H] LR A Kruskal-Wallis 75, 20
() 79 PR EE8 R Nemenyi 325, [R] 28 (8] 50 B4R f5 09 B
R A Wilcoxon BeXfik o IR0 (1) Z2 41 0] B3 kL
ORI R 5 22504, AL P Y L AR T g K3
(Newman-Keuls 7). #56/K#E o =0.05,

2 HR

2.1 BEMURAXARNHENARANKRALE VI X
F-VEP 1B{ERRIE AR 2H 0 R SRR e 52 5 ELME A
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SRS, %k BEZH A 3 ) 4H 5 B 5 i) A 1 ik
(long-term potentiation, LTP) #f )7 1/ , 13 BF 558 B4 [N
JEHREFS A K BRI AN B 22 0 R SR PR A Ak s TR
B 2 s D Sk v T BELBRT 500 4, 7T e 55 68 R ol
L0 LI B E A (B 1) .

Figure 1 Changes of the amplitude of F-VEP after high frequency
stimulation at V1 area in different groups /A [R]2H 51| K BUZE 3 B
INSEREHT IS VI DX A i AL S P R B R Ak
2.2 RAXREZREMRNLRHFIE F-VEP BIiE
EFNERE LR 0T HRZH AN SN 7 2H R (EDR S 48
RIECAT 225 T (3908 P < 0. 01 ), e A {5 ) 3 iy
BEARL(HN P <0.01) , BH W 4 7E #2532 08
IR DGR 5 22 57 e84 = L (34 P >0.05, L
x1-%K2),
2.3 FEANKREREMERNFRHETF F-VEP
RITREFIERMELL S fEom B RT3 41K
Bl F-VEP f i@ (BRI I 22 S e ge 27 3 (1Y
N P>0.05) . 5@ EEN DGRBS , s R 4 (a5
XFHRA TR (D =153.5,P <0.01) EMfEAERL (D =
167.1,P <0.01 ), BH Wi 7] 20 1 i %5 %) HE 4 Fh 8 30 9]
AR (B P <0.01) (WM EAZK (Bh P <
0.01,0LFk1-3£2),
®1 AEHEANKRERLRIHEE F-VEP IRELLE
Table 1 Comparison of F-VEP amplitude before and after
(U/pV)
After stimulation T P
21.163(11.658,28.714)  62.176  <0.01
Agonist 15.012(11.254,20.668)  24.776(12.567,32.149) *  63.981 <0.01
Blocker 15.421(10.647,19.837)  15.125(8.982,19.341) *# 11.459  >0.05

H 3.483 10. 642 - -
P >0.05 <0.01 - -

flash stimulation in different groups of rats

Group Before stimulation

Control 14.187(9.267,18.844)

Note ; means comparison with control group, * P < 0. 01, means comparison with agonist group,
AP <0.01

2.4 FAEANKRAEREERER G ChAT F1
AchE FMERIELE 1ok ELVEINDCRIEUS A I K B
WIS 2510 ChAT Fil AchE & P 3R W, 5%t HR
UM LE , Bahf 41 ChAT i ER 2 JH &, AchE i 4E
R (22 P <0.05, L3 3) , MIBH W) 20 Y9 ChAT
G PED R  AchE 35PE T8 (3908 P <0.05) . 5
P FILHAH B, BT 4 ChAT 35 P B 2 F A%, AchE

T ($92 P<0.05, % 3) .
x2 AEAENKBRERNSERHEE F-VEP IER{E
AR
Table 2 Comparison of F-VEP peak latency before and af-
(t/ms)
After stimulation T P
32.169(26.671,31.714) 61.355  <0.01
Agonist 36.804(24.681,41.744)  30.125(22.021,28.107) *  71.124  <0.01
Blocker 36.014(27.998,43.165)  36.182(28.464,42.558) *# 26.712  >0.05
H 4.267 12.854 - -
P >0.05 <0.01

ter flash stimulation in different groups of rats

Group Before stimulation

Control 35.915(28.426,42.773)

Note : means comparison with control group, * P < 0. 01, means comparison with agonist group,
4P <0.01

2.5 Western blot 5347 5% 4] bbas, i s 4
[y ChAT #1338 & THR (P <0.05, 1K1 2) , BT
1) ChAT HE R B R FFEM(P <0.05) . 53
FIZLAH LG, BE BT 5 41 /) ChAT £ (5 33k 12 2% B AR
(P<0.05),

x3 AEAMNKREREMALR MG ChAT F1
AchE F R LI

Table 3 Comparison of the activity of ChAT and AchE af-
ter flash stimulation in different groups of rats (xx5s)
Group  ChAT( Activity/wmolL « h =" = ¢ =" prot) AchE(Activity/U + mg ™" prot)

Control 8.405 +2.319 0.463 +0.038
Agonist 12.022 £2.057 * 0.309 £0.031 *
Blocker 5.236£1.948 * & 0.611+0.045 * 2
F 30.972 185.310

P 0.021 0.037

Note : means comparison with control group, * P <0. 05, means comparison with ago-

nist group, “P <0. 05

Figure 2 Comparison of the expression of protein ChAT in the pri-
mary visual cortex in different groups. Compared with the control
group, * P <0.05 ; Compared with the agonist group, > P <0.05
[F LR BT AL B JZ ChAT 35 1 3RIB I LB, 5 X IR 4L 1L
i, " P<0.05, 584 g, 2 P <0.05

3 i

MBI R T RE— DR AR SR, KK R Z AR
PEALTERIE B RIS i A D S PR DT RE L I 55
o220 2 18] (Y 15 2, BRIV R AR 5E 28 36 4R r) ] 28
P o R B AL AR R R L5 4 50
RS 220K 22 R 2 M 45 440 Joe SRURR PRy B 38, KB
WK B IR T AT 55 A, ALt &
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B AT IR F] 7 ~8 510 AR e 4 oS
IR PR AR LI ) G
ZICAPIR BA T INE" . Ach g a2 5, 5
S AT PR DA OC . REWT T 201, IR AR #1 25T
Ko H3h i 2R G0 5 HH AR Bl 28 2R B i 22 T 1) mT 9 2 1)
FHSE . BFFT R, &5 O H S X AR E R 48
KA RIRAR  IHAK AE i 2508 H > IEARAR /N
G A 8 il B R A, ChAT 4 3% 4 8 v
IR B Ach AR IRIREE T

ARSI 5 AE S B DA DG B0 R BRI H 3 Bl
s, BB RE PR O, SR BE PR 56, 45 R
FEHR ) REZH K BRAE 52 — B B I DB il 2 )5 L F-
VEP [P iE{E BB T, B0 LTP #E 0, X 5 5E /i
(R SE A5 3 — 30, i B3R ATt & LSOk 4ok fig
BE T GO KT 8 =Y (0 [ SR S B e A
B AT R R0 G R Bz 2 AT 9 M %) e AR BILAI , ) FH 24
F2EFBL VAR JZ VI XS M 2R 34 30 7
REJHGE S, F-VEP g {5 Th 5 806 B4 8 25 (P <
0.01) , WERHE I B A2 40 (P <0.01) , AT RESZ I M
AR Bh ) B BB IR R RE #2500 S HL 8 B R 4
(A3 P B S B, B Ach 3 22, 5 M4 M 2 A%
R, e LAF ARG )2 F-VEP (iR (E T 5, 15
AHEAR R . TERIHRAREZ VI X 7RG M 32 44 BE KT 5]
REEWE , 255 B K BRI R L2 F-VEP 1iig
(BRI EF (L 55 58 T DA 0 =2 A I T o 3 1 2 5
(P>0.05), AN ATRES LA A 7 w9 R 2R
A — T T, 5 L N R AR 5 & K R R
Fe Z T aavEAs Ak, S BUARL Y LTP A% S0, 78 5t nl 9
PRI Gt R, HALHE R 4209, vTREAR Ach K H:
TR G, AT BE 5 A % Ay 1k T E AN R i
Jor K A7 AR A AT O, AR SE I = SR AT I AF Y sk R W
AMPA 52 {& K H GLUR2 W% 5 T KR W HA &%
JEH T IRPEAS AL 5 55— 05 T, 75 S B 2
M SZARBHW I LG , S ARBE BT T Ach /i S 1 X%ar
&3 (RA A A P 328 A e 0 2% A P 2 il A% 328
ATSSRAEIEG SR, BT LA fc 2% BEL WY 750 281 1 W i R e ol (L
AT AR LI TC B 22 5

HK Ach Jkog ) ieAZ BB M T LA
) S 2 ChAT, ChAT Sy JHAK g 28 7T i b ik
i, L5 R TS M A S AR B TR Y Ach 19
" AchE JE/Kf# Ach FYFEHERE, N AchE i 1k
FEARAT 3 35077 21 10421 B i ChAT F1 AchE 3:[A]
He¥5E Ach 198 AT, ) 4 5 7L sh W 1 i
1T B FE o B IN SRS , 0
R 2S5 % H ChAT Fil AchE (1) 3% P4 46 )
R, SXHRAIAH L, W8 A2 ChAT 35 14 B 2
FHi, AchE [P PERE G ; M BH TR 24119 ChAT 135
H S RAIG, AchE B35 M TR . Western blot SEIG 3

BH L5 ELVEINDE RIS s 2 ChAT ik 4
X R ZE W 25 T, T RELBBT R 27 ChAT 83 2k U 5e g
WA 5 T R X S WI A= ChAT J PEAG I 45
R, SR BSR AT R e — 2

LRE VL SCIR AR FA TR, rb X E e RE 1 22
TCSGBTRGES S T AR WIS JZ BT 28 1
WA EA B Z A B R — AR S AR
e, SRR O MLELA 75 2 IR A RIS, 130K S
JE e PR E ARG AR E S 8 G A« 535 1R e D6 T 55 A
KPR TR Bt —E M HIE S %
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