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The distinct tonotopic organization of auditory brainstem neurons in the chicken nucleus

magnocellularis (NM) permits the precise temporal and spatial encoding of different sound

frequencies. Recent work on the most caudal-lateral, ultra-low frequency region of NM

(denoted NMc) describes neurons that demonstrate structural and functional differences

from their higher-frequency NM counterparts. While we have characterized the functional

phenotype of NMc neurons in late-developing chicken embryos (E20-21), little is known

about the properties of NMc neurons at earlier developmental stages. Using whole-cell

patch clamp electrophysiology, we recorded from the most caudal-lateral region of NM in

E13-14 chicken embryos, a developmental period just prior to the onset of hearing. We

report here a distinct phenotype of NMc neurons that differ from both higher-frequency NM

at a similar developmental period as well as more mature NMc. Early developing NMc

neurons demonstrate significant differences in passive properties, such as input resistance

and time constant, compared to NM neurons at the same age. NM and NMc at this

developmental stage also exhibit differences in active properties, such as action potential

(AP) current threshold, sodium current magnitude, and AP firing properties to square-pulse

and sinusoidal somatic current injections. In addition to active and passive differences, a

subset of NMc neurons demonstrate intrinsic spontaneous activity in the absence of

synaptic contribution. While this is similar to mature NMc neurons, the spontaneity in

younger neurons is broader in frequency distribution. Additionally, the total proportion of

spontaneously active neurons in early-developing NMc is lower than in mature NMc,

suggesting intrinsic developmental changes that work to increase spontaneity in

maturation. Taken together, our results identify the NMc phenotype in embryonic stages

before the onset of hearing; in doing so, we demonstrate distinctions between early- and

late-developing NMc and raise questions about how and why such differences arise.

Acute brainstem slices were prepared from White Leghorn chicken (Gallus gallus

domesticus) at embryonic (E) days E13-E14. Whole-cell current and voltage clamp
recordings were obtained from NMc neurons in the most caudal slices containing NM.
Current steps and voltage commands of varying durations, strengths, and frequencies
were injected into the soma of NMc neurons using an Axon Multiclamp 700B amplifier.
Results were acquired and analyzed using Clampfit 11.0 analysis software.
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Table 1. Passive and active properties across developmental periods of chicken NM neurons.

Table adopted from Hong et al. (2016), Frontiers in Cellular Neuroscience. 10:80, 1-22.
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Figure 3: NMc neuronal membrane properties. Passive membrane properties: resting membrane

potential (A), capacitance (B), and input resistance (C) early- and late-developing NMc neurons. Active

membrane properties: action potential (AP) current threshold (D), AP latency (E), and AP repolarization

rate (F) for the same neurons. In this figure, *p < 0.05.
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Conclusions
1. A distinct NMc phenotype exists at the early-developing ages of E13-14 and differs from

NM and more mature NMc neurons. Spontaneously-active neurons are also present at
a lower prevalence in E13-14 versus E19-21 NMc neurons.

2. Early-developing NMc neurons had significantly smaller low-voltage activated and high-
voltage activated potassium currents compared to late-developing NMc.

3. Lower levels of total steady state Ik likely caused early-developing NMc neurons to have

a higher input resistance, lower AP current threshold, longer AP latency, and slower
repolarization rate compared to their late-developing counterparts. E13-14 NMc
neurons also exhibited a larger capacitance on average compared to ages E19-21,
likely due to a larger soma and broader dendritic architecture.
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Figure 1: Responses to sinusoidal current injections. Voltage responses of representative early-

developing NM (A), early-developing NMc (B), and late developing NMc (C) neurons from a 5Hz

sinusoidal current injection (200 pA) (D). Some NMc neurons exhibit intrinsic spontaneous activity,

though the E13-14 (E) NMc neurons show a lower proportion of these compared to E19-21 NMc (F).

Figure 2: Outward steady state (SS) potassium currents (Ik) are significantly different at each

voltage above RMP. (A) Representative Ik current traces from early- (top) and late- (bottom)

developing NMc neurons. Circles denote the steady-state Ik value. (B) Steady state Ik from early- and

late-developing neurons across voltage steps. Significant differences in low-voltage activated (C) and

high-voltage activated (D) Ik currents are enlarged. ***p<0.05 for all comparisons in the graphs.
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Figure 4: Differences between early- and late- developing NMc action potentials. (A)

Representative traces from a suprathreshold current injection (125% above current threshold) for ages

E13-14 and E19-21 NMc highlight their differences in threshold, latency, and peak. (B) The same

action potentials with peaks overlaid demonstrate the lengthened repolarization rate of early-

developing NMc neurons compared to their late-developing counterparts.
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