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[ ABSTRACT] Objective: To investigate the electrophysiological properties of pyramidal neurons in mouse motor cortex during the
early postnatal development. Methods: Thirty-six mice were randomly divided into postnatal 1-, 2-, 3-Week and 1-, 2-,3-Month
groups (n=6). Membrane properties, action potentials ( AP) and spontaneous excitatory postsynaptic currents ( sEPSCs) of motor
cortex pyramidal neurons were recorded to evaluate the changes in the intrinsic electrophysilogical characteristics by using whole cell
patch clamp. Pyramidal neurons and interneurons were distinguished according to the AP firing patterns. Results: Comparing with in-
terneurons, pyramidal neurons exhibited regular spiking ( RS) with smaller frequency. During the period of postnatal 1 Week-3
Months, some of the intrinsic membrane properties of motor cortex pyramidal neurons changed. Compared to the 1-Week mice, the
resting membrane potential ( RMP) of 2-Week decreased significantly (P<0.01), and the membrane input resistance (R, ) of 1-
Month got a hyperpolarization (P<0.01), and they showed no significant change in the next period, while the membrane capacitance
(Cm) showed no significant changes during the whole posinatal development. The AP dynamic properties changed significantly during
this period. Compared to the 1-Week mice, the absolute value of the AP threshold and the AP amplitude of the 3-Week increased sig-
nificantly (P<0.01), while the spike half width of the 2-Week decreased substantially (P<0.05), and they showed no significant
change in the next period. The sEPSCs frequency and amplitude of 1- Month increased significantly compared to the 1-Week mice( P<
0.01), while during the period of next 1 Month-3 Months, the amplitude and frequency showed no significant change. Conclusion .
These results suggest that the motor cortex pyramidal neurons have time-specific eletrophysilogical properties during the postnatal devel-
opment. The electrophysiological properties can be used as a functional index to detect the degree of neurons maturity, and as a marker
to distinguish the pyramidal neurons and interneurons.
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Fig. 1 Morphological and electrophysilogical characteristics of
pyramidal neurons and interneurons in M1 area of motor
cortex( Scale bar=50 pm)

A': Biocytin staining of pyramidal neuron; B: Biocytin stai-
ning of interneuron; C: Representative spike trace of py-
ramidal neuron; D: Representative spike trace of interneu-

ron

Tab. 1 Membrane properties (x+s,, n=6)

RMP(mV) R, (MQ) C,.(pF)
1 Week -60.429+1.645 419.143£13.707  45.213+7.119
2 Weeks 69.750£1.359 ™ 296.286+22.392™  44.843+3.761
3 Weeks 71.250£1.065 ™ 203.286+ 9.655 " 47.471+3.718
1 Month 71.37520.981 ™ 140.857£12.792™  45.093+2.400
2 Months 71.500£0.866 ™ 115.429+ 7.919 ™ 47.000+2.554
3 Months 73.25041.278 ™ 108.429+13.517 ™ 47.571+2.409

RMP. Resting membrane potential; R, : Membrane input

resistance; Cm: Membrane capacitance

*P<0.01 vs 1 Week group
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Fig. 2 The representative action potential traces



104

Tab. 2 Properties of AP (xts,, n=6)

Threshold(mV) Amplitude( mV) Half Width(ms)
1 Week 28.224+£1. 188 52.063+1.516 2.055+0.211
2 Weeks 40.276+1.718 ™ 67.508+2.363 " 1.32240. 144
3 Weeks 52.400+1.323 ™ 84.585+2.222 1.141£0.123 ™
1 Month 53.057+2.548 ™ 85.841+4.245 1.0770.110 ™
2 Months 53.25742.972™  87.542+3.787 1.051+0. 111 ™
3 Months 54.477£2.390 ™ 87.620+2.448 1.035+0.140 ™

AP Action potential
"P<0.05, "P<0.01 vs 1 Week group
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Fig. 3 The representative spontaneous excitatory postsynaptic

currents traces (left) and amplification of a unitary wave-

form (right)
Tab. 3 Frequency and amplitude of sEPSCs (x+s., n=6)
Frequency ( Hz) Amplitude ( pA)
1 Week 0.621+0.062 17.438+2. 850
2 Weeks 1.041+0.097 21.416=1.365
3 Weeks 1.507+0.256 " 29.634£2.096 "

1 Month 2.3130.218™ 45.115+1.939™
2 Months 2.378+0.295™ 41.915+2.516™
3 Months 2.427+0.210™ 42.173+2.304™

sEPSCs: Spontaneous excitatory postsynaptic currents

"P<0.05, "“P<0.01 vs 1 Week group
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