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[ Abstract] Background The visual development is completed during the critical period in human and
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mammals. However, the critical period is not the initial of receiving visual experience. It is known that before the onset
of critical period in mammals,such as mouse,there is an earlier stage for visual development, the pre-critical period.
The research of response characteristics of the visual cortical neurons and the synaptic plasticity in the pre-critical
period is still in the exploratory stage. = Objective  The study aimed to preliminarily investigate the response
properties of neurons and synaptic plasticity in mouse visual cortex during the pre-critical period. =~ Methods Forty-
eight postnatal day 13-17 C57BL/6J) mice were used for in vivo whole-cell recordings and in vitro brain slice whole-
cell recordings. In vivo whole-cell recordings were done in anesthetized mice. Moving bars in different directions were
produced and controlled by a Matlab program. Cell recordings were obtained at the depth of layer IV of visual cortex.
Step current stimuli under current clamp were given to measure the membrane response properties of neurons. Optimal
visual stimuli were given to measure the in vivo largest responses of membrane potentials. In vitro experiments were
performed after in vivo experiments. All cells were given current step stimuli to measure the membrane response
properties of neurons. Different intensities of white-matter-to- layer-1V pathway stimulation were given to measure the
evoked response properties. All cells from 48 mice were randomized into 4 groups according to different stimulus
training modes , including low frequency stimulation (LFS) , high frequency theta-burst stimulation ( TBS) , pre-post
synaptic timing stimulation ( pre-post TS) and post-pre synaptic timing stimulation ( post-pre TS). Under the voltage
clamp of =70 mV , excitatory postsynaptic currents ( EPSCs) before and after training were recorded to measure the
plastic changes of excitatory synaptic connections. pClamp 10 was used for the pre-analysis of data and Matlab 2008a
was used for statistical analysis. The use and care of the animals followed the Statement for the Use of Animals in
Ophthalmic and Vision Research. Results Thirty-nine cells and 48 cells were successfully recorded in the in vivo
and in vitro experiments, respectively. The steady-state average number of action potentials ( APs) were (1.01 %
0.03) /sweep and (1.01+0.05)/sweep,the AP thresholds were (-40.2%3.2)mV and (-39.6%2.0)mV,and the
threshold step current levels were (126.7+17.4) pA and (129.6+17.5) pA in the in vivo and in vitro recordings,
respectively, with no significant differences between them (APs:t1=0.512,P=0.610; AP thresholds;t=-1.074,P =
0. 286 ;current levels; t=-0.776, P =0.440). Under the optimal visual or pathway stimulation, the average peak
response of membrane potentials was (7.3+4.3)mV and (6.4+2.8)mV with rarely evoked APs in the in vivo and in
vitro experiments , respectively, with no significant difference between them (z=1.234,P=0.221). Under the in vitro
recording ,the EPSCs before LFS were [ (138.1+51.9) pA ], which was significantly higher than that after LFS [ (76.1%
34.8)pA] (1=4.437,P=0.001),but no significant differences were seen in EPSCs before and after TBS (¢=-0.756,
P=0.466). The EPSCs before and after pre-post TS were (122.4+62.2)pA and (78.5+46.7)pA,and those before
and after post-pre TS were (131.9+48.0) pA and (74.3+30.7) pA, showing significant differences between them
(pre-post TS:t=3.558, P =0.004; post-pre TS::=4.283,P=0.001). Conclusions The construction of
fundamental neural circuits in layer IV of mouse visual cortex is completed during pre-critical period. However, the
membrane responsive capability of neurons and the synaptic connections are in an immature state, and the evoked
responses to visual pathway inputs are basically subthreshold. The strength of synaptic connections is depressed with
low frequency stimulation or pre-post/post-pre synaptic timing stimulation, and kept unchanged with high frequency
stimulation. The development of visual neural system of PSP in mouse presents different characteristics from CP.

[Key words] Visual cortex/growth & development; Neuronal plasticity/physiology; Synaptic transmission/
physiology; Action potentials; Excitatory postsynaptic potentials; Mice, inbred C57BL; Patch-clamp techniques
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B9 12> ( The Association for Research in Vision and
Ophthalmology ) 3 T IR 15 L5 5 95 5h % 68} 0 7%
( Statement for the Use of Animals in Ophthalmic and
Vision Research) ,

1.1.2 FZEAUH 7008 A Ak K (% E
Molecular Devices 4y &) ) ; Master-8-VP B 455 H1 | 18 23
(L5 51 AMPL 24 #] ) 5 VT1000S 4 3l &) F #IL (7 [
Leica 23 7)) s P-O7 g # 43t 1l 5% ( 38 & Sutter 23 7] ) ; FN-
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L2.1 G0 R (1) A TR IR RGP
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CaCl, 2. 0 mmol/L MgSO,- 7H,0 1. 25 mmol/L NaH, PO, -
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300 mOsmol/L, (2) HELH N I BEC ] - & 130. 0 mmol/ L %
Z B R 47 . 20. 0 mmol/L KCl,10.0 mmol/L & 1th fi& .
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ATP 0. 25 mmol/L GTP #1100 wmol/L Alexa Fluor 488,
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RIKy 3 ik & 3 © 28 A A0 1E TR VER B 4E R S
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Mo B Rl sk B @ g 8 W, 2l sk AL
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2 0% 4 B A0 A A A P B S AR P 1 3 [
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Adobe Illustrator CS6 %X 4 ( 35 [E Adobe 2\ H]) #t4722
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b s
AR EFR g dpw () ME(nV)  KF(pA)  RIE (V)
TR 39 1.01+0. 03 -40.2+3.2 126.7+17. 4 7.3+4.3
Bk 48 1.01+0. 05 -39.6+2.0 129.6+17.5 6.4+2.8
t 0.512 -1.074 -0.776 1.234
P 0.610 0.286 0. 440 0.221

TE AP SR AL (IS AEAS ¢ K )

2.3 /BRI G TR O B A ) SR AT 58 K o R
Jr I ZRHi 5 EPSCs g 228 4k

LES Yl 5 )5 /N BRI K2 J2 55 IV 2 #h 4 96 EPSCs i
R AR TR O G, E R AR E X
(t=4.437,P=0.001),1 TBS Yl )5 /N AL 2 245
IVJZ #2450 EPSCs W FE A & T 00 30 2k, 5 22 55
TGt E X (1=-0.756,P=0.466) . % )5 5
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1.000, 2R3 A G it %42 X (1=-5.589,P=0.000),
TBS Yl 4 J5 5 Il %k Aij EPSCs g B b %y 1.023 +
0.144 338 1.000, 22 % TG it 2% 7% L (1=0.538,
P=0.601) .5 il # Y 5 fi # He , pre-post TS J post-
pre TS Y| %5 J5 EPSCs i B2 4 W] B FEAL, Z R WA %
it 2% & Y (1=3.558, P = 0.004; ¢t = 4.283, P =
0.001) ., pre-post TS Y4 )5 5Vl Zk 7if EPSCs g )& b
K 0.688+0. 341, it A% T 1. 000, 2% F 4 4 i 2%
BN (1=-3.175,P=0.009) . Post-pre TS illl % J5 5 VI
4 EPSCs IE & H R K 0. 603 0. 285, & & L +
1.000, 2R H it & X (t=-4.817,P=0.000)
(K5,%2),
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K2 ARAEXPRBINEGHEAREEFNVNEHET
EPSCs B 254k (xs)

i ) AR EPSCs {6
fisf il REA i
LFS TBS pre-post TS post-pre TS
Giba) 12 138.1251.9  127.6%39.7 122.4#62.2 131.9+48.0
s 12 76.1£34.8  132.0+47.9  78.5:46.7  74.3%30.7
' 4.437 -0.756 3.558 4.283
P 0. 001 0. 466 0. 004 0. 001

TE - EPSCs : X A7 P 58 fil 5 WL 3 5 LIS - AR S50 385 TBS - 0 382 e 431 ik nf )
{5 pre-post TS : 5 filt Bl — 5 152 5 I 7 8L 5 post-pre TS : 58 fil 5 — i A6 5
Jr 0 (XS o Az )

3 it

RLGE K BRI 48 A 5 e i 28 R T &
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RS S LS SRR 51 R 55 A BP0 R
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IS Fh e B0 0 5 BE % U0 DA 1 B AR B
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