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Introduction - Intensity is an important physical property of the sound wave and is usually reported as sound pressure level (SPL). Non-invasive functional magnetic
resonance imaging (fMRI) can improve our understanding of auditory physiology. Preliminary fMRI studies observed increased signal change with SPL along the
pathways of the central auditory system[1, 2]. However, these studies employed a narrow SPL range and few sampling points. To examine SPL processing in detail, we
measure the hemodynamic responses in the rat inferior colliculus (IC), lateral lemniscus (LL), medial geniculate body (MGB) and auditory cortex (AC) over a broad
72dB SPL range using sparse temporal sampling[3]. The rat is a suitable model for functional imaging studies of the subcortex because it occupies a larger portion of the
brain (compared to humans).

Methods - Rat preparation: Sprague-Dawley rats (200~250g, N = 7) were used. Rats were anesthetized with 3% isofluorane for

induction and maintained at 1%. Key vital signs were monitored by sensors from SA Instruments, Inc. Rat stimulation: Monaural _I-I_I-I_I-I_I-I_I-I
broadband noise stimuli were produced by a closed-field electrostatic loudspeaker (TDT EC1) and driven by an amplifier (TDT =~ ™ ;¢ '5"5 455

EDI) and waveform generator (Hewlett-Packard 33120A). Sound was delivered to the left ear canal via a 1m long custom built I I I I I
tube. Rats were stimulated in a block design paradigm of 10s sound off then five blocks of 10s off and 50s on. During on periods,
sound was played for 5 seconds (4Hz burst rate and 92% duty cycle) every 10 seconds (Fig. 1). The SPL of the broadband noise 105

during each block was randomly chosen from seven settings (17 to 89dB in 12dB increments). SPL was measured at the end of the Fig. 1: One block of the
tube using an M50 microphone (Earthworks) and varied by adjusting the output voltage of the waveform generator and the gain of
the amplifier. The microphone was calibrated by a sound level calibrator (B&K 4230, 94dB, 1kHz). SPLs below 65dB were not
directly measured, but were estimated from the output voltage and gain. The paradigm was repeated 14 times per rat resulting in
ten blocks at each SPL. MRI protocol: Rats were scanned in a 7T Bruker scanner with a surface receiver coil. GE-EPI scans (FOV
= 32x32mm’, data matrix = 64x64, TR = 10.0s, TA = 1.0s, TE = 18ms, nine 1mm slices with 0.2mm gaps) were acquired every
10s (Fig. 1). Data analysis: The images were realigned using SPM8 (Wellcome Center, UCL). Blocks corresponding to the same SPL were averaged. Functionally
defined ROIs were drawn around the contralateral IC, LL, MGB and AC according to the rat brain atlas[4] (Fig. 2). The activation map for this purpose was computed
by applying the t-test on the average images from all seven SPL settings. Time series from all activated voxels (p < 0.01, cluster size > 2) within the ROIs were averaged
and transformed into BOLD signal change for each SPL and structure. One-way, repeated measures ANOVA with Tukey’s test was used to compute p-values for
statistical comparisons.

Results - Amongst the seven animals, IC (7/7), LL (7/7), MGB (5/7), and AC (5/7) are activated and one representative animal is shown in Fig. 2. The IC and LL show
increasing signal changes with SPL while AC does not show that trend. Fig. 3 shows the BOLD signal change slopes in IC and LL are significantly different from those
in AC and MGB (p < 0.001). Tables 1 and 2 confirm the IC and LL signal changes generally increase with SPL.. The MGB signal changes at 65 and 89dB are higher
than those at 17 and 29dB (p < 0.01). In the AC, signal changes show no significant differences between the seven SPLs (p > 0.05).
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Tables 1&2: Comparisons of BOLD signal
Fig. 2: The seven left columns show the BOLD signal change map from one representative animal under different SPL changes at the seven SPLs in IC (top) and
settings. The color bar to the left shows the signal change scale. The rightmost column shows the activation map from LL (bottom). p > Q-OS’ p <0.05, p <0.01,
seven SPL averaged data. Functionally defined ROIs for IC (white), LL (yellow), MGB (purple) and AC (blue) are and p < 0.001 indicated by ns, *, **, and
shown. The color bar to the right shows the corresponding p-value. Each coronal slice’s distance from Bregma is shown. %, respectively.
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Discussion - BOLD signal change increases significantly with SPL in IC and LL, but not in MGB and AC. BOLD & - AC 00583
signals are correlated with neuronal spiking activity[5]. Therefore, our results agree with electrophysiology studies & 1] % MGB 05059
that show the majority of LL and IC neuron have monotonic rate intensity functions[6, 7] while many AC and MGB & 1.2 IC 07670
neurons have non-monotonic functions[8-10]. Non-monotonic AC and MGB neurons are likely responsible for 3] LL 05889
reducing the BOLD signal change at high SPLs. This study reports the first fMRI observation of differences in SPL E 084
dependences between auditory structures. Human fMRI studies did not observe this because they employed a narrow @ g 4] =
SPL range with few sampling points, the subcortex is small, or there are interspecies differences. 2 = \"!_‘:'::14—‘!
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