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Abstract: Day-old chick is unique animal model in brain development and behavior study. The intermediate medial mesopallium
(IMM), a region of the chick forebrain, is intimately involved in the early learning processes, which offers the ideal opportunity to
study the neural changes that underlie behavioral plasticity. In this paper, the intracellular recordings were conducted from IMM
neurons in chick forebrain slices, in which electrophysiological properties, synaptic responses and long-term potentiation (LTP) were
observed. Coronal sections of left forebrains (500 um thick), containing IMM, were prepared from domestic chicks, aged 2-10 days. In
69 IMM neurons, the resting membrane potential was measured to be (-59.4+5.3) mV, slope membrane resistance (70.8+27.2) MQ,
and time constant (10.2+4.3) ms. The amplitude, threshold, overshoot, half-width, max rise slope and max decay slope of action
potential evoked by intracellular current injection were (85.2+9.4) mV, (-38.7+7.6) mV, (25.6+8.9) mV, (2.1+0.5) ms, (150.5+41.2)
mV/ms and (-64.3£14.0) mV/ms, respectively. Spike-firing frequency was increased with depolarizing current intensity in 32 of 69
tested cells [linear regression slope was (21.5£10.9) Hz/nA, P<0.05 in all cells]. The depolarizing synaptic responses (i.e. EPSPs), with
stimulus intensity- and membrane potential-dependent properties, were elicited by dorsal (n=25) or ventral (n=62) focal electrical
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stimuli at 0.1 Hz in all tested IMM neurons and could be nullified reversibly by perfusion with 100 pmol/L AP5 (NMDA receptor
antagonist) and 3 pmol/L DNQX (non-NMDA receptor antagonist), but enlarged by 6 pmol/L bicuculline (GABA, receptor antagonist).
The EPSPs evoked by ventral stimulation were persistently increased after tetanic stimulation (5 Hz, 300 pulses/train, 2 trains, train
interval 10 min) in 6 of 12 tested IMM neurons. The amplitude of EPSPs was potentiated to more than 120% of control level (when
analyzed at 45 min of enhancement, P<0.05, n=5), which lasted at least 30 min and then could be referred to as LTP. Moreover, area
under curve, duration and max rise slope of EPSPs were also enhanced (P<0.05), while no significant changes were observed in the
electrophysiological parameters of IMM neurons following induction of LTP (P>0.05). These results suggest that the intracellular
recording techniques in the chick brain slices can be used to perform multi-parameter analysis of synaptic responses and their LTP.
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Fig. 1. Electrophysiological properties of neurons in intermediate medial mesopallium (IMM) of chick forebrain slices. A: Experimental
recordings of injected current () and electrotonic potential (V) in an IMM neuron. B: Plotting of steady amplitude of electrotonic potential
(V) vs current intensity (1) from A, from which the slope membrane resistance was estimated as 49 MQ by linear regression method.
Chick age: 6 days; RP: -67 mV. C: Relation of spike-firing frequency to injected depolarizing current intensity (values left to the sampled
traces) in an IMM neuron. D: Plotting of spike-firing frequency (F) vs current intensity (I) from C. Chick age: 3 days; RP: =58 mV.
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Fig. 2. Stimulus intensity-dependent (A) and membrane potential-dependent (B) properties of depolarizing synaptic responses (namely
excitatory postsynaptic potential, EPSP) in IMM neurons in vitro. T: threshold intensity of stimulus. Arrows and triangles indicate stimulus
artifacts of dorsal and ventral focal stimulation, respectively. D-EPSP: EPSP evoked by dorsal focal stimulation; V-EPSP: EPSP evoked by
ventral focal stimulation. Each trace is the average of 5 sweeps. Note that a component of inhibitory postsynaptic potential (IPSP) was
seen while membrane was depolarized in B. A: Chick age: 8 days; RP was —64 mV. B: Chick age: 2 days; RP was -52 mV.
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Fig. 3. Inhibitory effects of AP5 (100 umol/L) and DNQX (3 umol/L) on excitatory postsynaptic potentials (EPSPs) in IMM neurons
in vitro. Arrows and triangles indicate stimulus artifacts of dorsal and ventral focal stimulation, respectively. D-EPSP: EPSP evoked by
dorsal focal stimulation; V-EPSP: EPSP evoked by ventral focal stimulation. Each trace is the average of 5 sweeps. A: Chick age: 7 days;
RP was —55 mV. B: Chick age: 2 days; RP was -52 mV. C: Chick age: 4 days; RP was -55 mV.
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Fig. 4. Effects of bicuculline (6 pmol/L) on ventral EPSP (A) or complex response with EPSP prior to inhibitory postsynaptic potential
(IPSP) (B) in IMM neurons in vitro. Triangles: stimulus artifacts of ventral focal stimulation. Each trace is the average of 5 sweeps. A:
Chick age: 2 days; RP was —67 mV. B: Chick age: 4 days; RP was -53 mV.
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Fig. 5. Inhibitory effect of AP5 (100 umol/L) on spontaneous EPSPs
in an IMM neuron in vitro. Chick age: 6 days; RP was -60 mV.
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Fig. 6. Persistent enhancement of amplitude (A), area under curve (B), duration (C) and max rise slope (D) of EPSP induced by
ventral tetanic stimulation in an IMM neuron. Test stimuli were given at 0.1 Hz and the mean values were calculated every one
minute. Tetanic stimulation (5 Hz, 300 pulses/train, 2 trains, train interval 10 min) was delivered at the arrows (1* train at S1
and 2™ train at S2). The dashed line is the mean response before tetanic stimulation. Insets in A show the averaged sample traces
before (solid line, a) and after (dotted line, b) tetanic stimulation. Each datum point is the average value of 5 sweeps sampled
during 1 min. Note the ceiling phenomenon in C is due to the recording duration limit (also see inset in A). Chick age: 3 days;

RP:-58 mV.
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Table 1. Comparisons of electrophysiological parameters of EPSPs before and during LTP induced by ventral tetanic stimulation in IMM
neurons

EPSPs during LTP

EPSPs before LTP 15 min 30 min 45 min 60 min
Amplitude (mV) 4.0+£0.6 6.5+2.1" 6.2+2.5 6.4+1.8" 6.0+2.2
Avrea under curve (mV-ms) 199.1+273.6 683.3+£783.2 783.1£770.1 619.9+367.6" 708.24561.0
Duration (ms) 160.0+£243.0 365.7+368.8" 409.1+341.9" 478.5+£304.7" 453.0+327.2"
Max rise slope (mV/ms) 1.4%0.2 2.5+0.4™ 2.0£0.4™ 2.0£0.5™ 2.2+0.6"
Mean+SD, n=5. Paired t test. "P<0.05, “P<0.01 vs EPSPs before LTP.
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Fig. 7. Time course of normalized slope membrane resistance (slope Rm) (A) and amplitude of action potential (B) in an IMM neuron
before and during ventral tetanic stimulation-induced LTP. Tetanic stimulation was delivered at the arrows (S1 and S2). The dashed line
is the mean value before tetanic stimulation. The IMM neuron is the same one in Fig. 6.
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