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Response characteristics of neurons to tone in dorsal nucleus of the lateral

lemniscus of the mouse
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College of Life Sciences and Hubei Key Laboratory of Genetic Regulation and Integrative Biology, Central China Normal University,
Wuhan 430079, China

Abstract: The dorsal nucleus of lateral lemniscus (DNLL) is a nucleus in the auditory ascending pathway, and casts inhibitory
efferent projections to the inferior colliculus. Studies on the DNLL are less than studies on the auditory brain stem and inferior colliculus.
To date, there is no information about response characteristics of neurons in DNLL of albino mouse. Under free field conditions, we
used extracellular single unit recording to study the acoustic signal characteristics of DNLL neurons in Kunming mice (Mus
musculus). Transient (36%) and ongoing (64%) firing patterns were found in 96 DNLL neurons. Neurons with different firing patterns
have significant differences in characteristic frequency and minimal threshold. We recorded frequency tuning curves (FTCs) of 87
DNLL neurons. All of the FTCs exhibit an open “V” shape. There is no significant difference in FTCs between transient and ongoing
neurons, but among the ongoing neurons, the FTCs of sustained neurons are sharper than those of onset plus sustained neurons and

pauser neurons. Our results showed that the characteristic frequency of DNLL neurons of mice was not correlated with depth, support-
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ing the view that the DNLL of mouse has no frequency topological organization through dorsal-ventral plane, which is different from

cats and some other animals. Furthermore, by using rate-intensity function (RIF) analysis the mouse DNLL neurons can be classified

as monotonic (60%), saturated (31%) and non-monotonic (8%) types. Each RIF type includes transient and ongoing firing patterns.

Dynamic range of the transient firing pattern is smaller than that of ongoing firing ones (P < 0.01), suggesting that the inhibitory

inputs may underlie the formation of transient firing pattern. Multiple firing patterns and intensity coding of DNLL neurons may

derive from the projections from multiple auditory nuclei, and play different roles in auditory information processing.
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Fig. 1. Different types of discharge pattern of DNLL neurons and Nissl’s staining of the coronal section of DNLL neurons and sur-

rounding tissue of mouse. 4: transient (onset); B: sustained; C: onset plus sustained; D: pauser. The recording depths (um), minimal
thresholds (MTs, dB SPL) and characteristic frequencies (CFs, kHz) of four neurons are 2 255, 27.5, 13.0 (4); 2 317, 38.0, 9.5 (B); 2
518, 50.0, 22.0 (C); 2 525, 59.0, 12.0 (D) respectively. The serial number of each representative neuron is located on the top of PSTH
in each panel. The bar under the abscissa represents 40 ms acoustic stimulus. z is spike number. £: Nissl’s staining of the coronal

section of DNLL neurons and surrounding tissue of mouse. Black arrow points to the trace burnt by tungsten electrode. D: dorsal; L:

lateral. Scale bar is 200 um.
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Fig. 2. Depth, characteristic frequency (CF) and minimal threshold (MT) of transient and ongoing DNLL neurons. Black unfilled cir-
cles and filled circles represent the distributions of transient and ongoing DNLL neurons’ depth (4), CF (B) and MT (C) respectively.
Horizontal lines and vertical lines represent the mean and half a standard deviation respectively. "P < 0.05; P < 0.01.
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Fig. 3. First spike latency (FSL) feature of DNLL neurons. 4: Histogram shows the distribution of FSL at MT+10 dB in the DNLL
neurons. The number above the columns is the number of neurons. B: Point plot shows the FSL varied at the different intensity, with
the number of neurons on each data point. P < 0.001, one-way ANOVA. C: Histogram shows the distribution of FSL at MT+10 dB in
transient and ongoing DNLL neurons. The number in the columns is the number of neurons. The bars represent half a standard devia-

tion.
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Table 1. Depth, CF, MT and FSL of three types of ongoing DNLL neurons

Type Sustained Onset plus sustained Pauser
n 25 19 17
Depth (um) Range 21602717 21372671 2156-2 686
Mean + SD 24249+ 15320 2359.9+152.0? 2344.6 +155.8Y
CF (kHz) Range 8.0-30.2 7.9-34.0 8.5-23.4
Mean + SD 16.9 +6.2% 18.0+7.3% 16.1 + 4.6
MT (dB SPL) Range 6.0-63.5 7.0-67.5 10.0-68.5
Mean + SD 26.8+15.87 41.9+18.0% 47.0+15.89
FSL (ms) Range 7.0-20.0 5.5-14.0 3.5-10.5
Mean + SD 103 +2.710 93+2.7" 6.2+1.9"

CF, characteristic frequency; MT, minimal threshold; FSL, first spike latency. Unpaired #-tests show no significant difference among (1),
(2), (3) and (4), (5), (6), significant difference between (7) and (8) at P < 0.01; (7) and (9), (10) and (12), (11) and (12) all at P < 0.001.

n is number of neurons.
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Monotonic RIF; B: Saturated RIF; C: Non-monotonic RIF. The depths (um), MTs (dB SPL), and CFs (kHz) of three neurons are
2 159, 39.5, 18.0 (4); 2 276, 19.5, 7.0 (B); 2 516, 30.5, 11.0 (C) respectively. D: The model diagram of DR. E: Histogram
shows differences of DR between transient and ongoing DNLL neurons. F: Histogram shows differences of DR in three

ongoing discharge patterns of DNLL neurons. The bars represent half a standard deviation. Numbers in the columns represent the

number of neurons (E and F). "P<0.01; P <0.001.
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