1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duasnue Joyiny vd-HIN

éPL "VS)))\

NIH Public Access

Y (A
] a2 & Author Manuscript

o
R s

Published in final edited form as:
Neuroimage. 2009 January 15; 44(2): 312-318. doi:10.1016/j.neuroimage.2008.09.02.

Metabolic imaging of rat brain during pharmacologically-induced
tinnitus

AK.Pauldb*T E Lobarinas®T, R. Simmons©d, D. Wack&:C:€, John C. Luisi&, J.
Spernyakf, R Mazurchukf, H. Abdel-Nabi@, and R. SalviC

a Department of Nuclear Medicine, Sate University of New York, University at Buffalo, Buffalo, NY, USA
b Rochester General Hospital, Rochester, NY, USA

¢ Center for Hearing and Deafness, State University of New York, University at Buffalo, Buffalo, NY, USA
d Department of Neurology, Sate University of New York, University at Buffalo, Buffalo, NY, USA

e Buffalo Neuroimaging Analysis Center, State University of New York, University at Buffalo, Buffalo, NY,
USA

f Preclinical Imaging Resource, Roswell Park Cancer Institute, Buffalo, NY, USA

Abstract

Although much is known about the perceptual characteristics of tinnitus, its neural origins remain
poorly understood. We investigated the pattern of neural activation in central auditory structures
using positron emission tomography (PET) imaging in a rat model of salicylate-induced tinnitus.
Awake rats were injected with the metabolic tracer, fluorine-18 fluorodeoxyglucose (FDG), once in
a quiet state (baseline) and once during salicylate-induced tinnitus. Tinnitus was verified using a
behavioral technique. Brain imaging was performed using a high-resolution microPET scanner. Rats
underwent magnetic resonance imaging (MRI) and reconstructed MRI and microPET images were
fused to identify brain structures. FDG activity in brain regions of interest were quantified and
compared. MicroPET imaging showed that FDG activity in the frontal pole was stable between
baseline and tinnitus conditions, suggesting it was metabolically inert during tinnitus. Inferior
colliculi (p=0.03) and temporal cortices (p=0.003) showed significantly increased FDG activity
during tinnitus relative to baseline; activity in the colliculi and temporal cortices increased by 17%
+ 21% and 29% + 20%, respectively. FDG activity in the thalami also increased during tinnitus, but
the increase did not reach statistical significance (p=0.07). Our results show increased metabolic
activity consistent with neuronal activation in inferior colliculi and auditory cortices of rats during
salicylate-induced tinnitus. These results are the first to show that microPET imaging can be used to
identify central auditory structures involved in tinnitus and suggest that microPET imaging might be
used to evaluate the therapeutic potential of drugs to treat tinnitus.
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Introduction

Subjective tinnitus, the perception of a phantom sound in the absence of an acoustic stimulus,
affects approximately 3% of the population; however among those over the age of 65 the
percentage rises to nearly 9% (Adams et al., 1999; Meikle, 1997). Tinnitus can be extremely
disruptive and debilitating, leading many patients to seek medical attention. Tinnitus is
generally associated with hearing loss resulting from aging or noise exposure (Nicolas-Puel et
al., 2002). Since the phantom sound of tinnitus is generally perceived as originating in the ear
with hearing loss, the neural generator responsible for tinnitus has traditionally been thought
to reside in the inner ear. However, surgical removal of the auditory nerve connecting the inner
ear to the auditory brain fails to abolish tinnitus in the majority of subjects (House and
Brackmann, 1981). These results suggested that tinnitus might originate in the central auditory
system. Support for a central generator of tinnitus has emerged from a number of brain imaging
studies showing aberrant neural activity within the central auditory pathway of tinnitus patients
(Cacace et al., 1994; Lockwood et al., 1998).

Identifying the underlying neural mechanisms that give rise to tinnitus in humans is difficult
because of the lack of control over subject variables, etiology and difficulties measuring the
neurochemical and biological factors associated with tinnitus. To circumvent these problems,
researchers have developed animal models that can report on whether animals experience
transient or permanent tinnitus following exposure to ototoxic drugs or high intensity noise
(Guitton et al., 2003; Heffner and Harrington, 2002; Jastreboff et al., 1988; Lobarinas et al.,
2004). One of the most reliable and well-studied inducers of tinnitus is sodium salicylate, the
active ingredient in aspirin. High doses of salicylate induce tinnitus in humans and animals in
apredictable, dose-dependent manner (Boettcher and Salvi, 1991; Jastreboff et al., 1988; Yang
etal., 2007). Electrophysiological studies have identified salicylate-induced changes at several
sites along the auditory pathway in anesthetized animals, but none have provided a global
overview of the functional changes that occur along the auditory pathway in conscious animals
that experience tinnitus.

Recent developments in high resolution, dedicated small animal positron emission tomography
(PET) systems (microPET) make it possible to investigate neural activity throughout the brain
in commonly used animal models (Kornblum et al., 2000; Mir et al., 2004). During neuronal
activation, increased glucose consumption is required by the ATP-dependent Na+-K+ pumps
to restore transmembrane ionic gradients following depolarization associated with action
potentials and synaptic activity (Mata et al., 1980). Previous studies have shown that
fluorine-18 fluoro-2-deoxyglucose (FDG), a glucose analogue, can be used to image neural
activation in the brain (Kornblum et al., 2000; Mir et al., 2004). FDG is taken up by cells as a
function of neuronal/metabolic activation and due to its irreversible phosphorylation remains
trapped within these cells for hours. Moreover, anesthesia administered 40 min after FDG
administration had no effect on the uptake of FDG into various brain regions when compared
to results from conscious rats (Friston et al., 2007). Consequently, awake-animals can be
injected with FDG during the presentation of an external or internal stimulus that activates the
brain and anesthetized and imaged with microPET after a period of 40 minutes to obtain a
‘snap-shot’ of FDG distribution and reveal the pattern of brain activity during the awake and
stimulated state.

The goal of the present study was to use microPET and FDG to assess the pattern of neural
activity in major auditory processing areas in the brain before and during transient tinnitus
induced by sodium salicylate. To accomplish this goal, we employed a behavioral paradigm
and identified a dose of sodium salicylate that reliably induced tinnitus in rats. Afterwards,
microPET and FDG were used to identify the level of metabolic activation in central auditory
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structures when rats were sequestered in a sound-attenuating chamber (1) without tinnitus and
(2) during salicylate-induced tinnitus.

Materials and methods

Subjects

All studies were approved and performed in accordance with the Institutional Animal Care and
Use Committee at the University at Buffalo. Fifteen adult male Sprague Dawley rats (3-5
months, 300-500 g) were obtained from Charles River Laboratories (Wilmington, MA). Two
groups (n=3 in each group) of rats were used to optimize the microPET image acquisition
protocol (group 1) and verify the repeatability of the microPET data (group 2). A separate
group of 9 rats (group 3) underwent microPET imaging to investigate the metabolic activation
in the brain before (baseline) and following salicylate treatment (tinnitus). Because of
scheduling constraints, only a subset of rats in this group underwent behavioral testing (n=6)
and magnetic resonance imaging (MRI) (n=2).

Behavioral testing

A validated behavioral technique, known as schedule-induced polydipsia avoidance
conditioning (SIP-AC), was used to determine the dose of salicylate that would reliably induce
tinnitus in rats. Details of the methods can be found in our earlier publications (Lobarinas et
al., 2004; Lobarinas et al., 2006). Briefly, rats were food deprived to 90% normal body weight
but had free access to water in their home cage. During experimental sessions rats were first
trained to lick for water at high rate even though they were not thirsty (polydipsia) by delivering
afood-pellet automatically every 60 s. Afterward, this licking behavior was put under stimulus
control using avoidance conditioning. Rats were only allowed to lick for water during 30 s
intervals of no sound (quiet) that were randomly interspersed among 30 s intervals of sound
(4,8, 12, 16, or 20 kHz narrow band noise, 100 Hz bandwidth, or 16 kHz pure tone, 40-60 dB
SPL). Licks that occurred during sound intervals resulted in the delivery of brief intermittent
foot shock. After two to three weeks of training, rats correctly discriminated quiet intervals
(>90% correct responses) from sound interval (<10% incorrect responses). In daily 2-h test
sessions, licks in quiet averaged 2000—4000 licks while licks in sound remained low, typically
less than 100 licks. Rats were then treated for two consecutive days with intraperitoneal (i.p.)
injections of saline or 50, 100, 150, 250 or 350 mg/kg of sodium salicylate (Sigma-Aldrich
Corp, St. Louis, MO). Behavioral testing commenced 1 h post-injection. Dosing was
administered in a pseudorandom order with a one week washout period. No abnormalities in
weight, pellet consumption or behavior were observed during testing.

MicroPET image acquisition

A high resolution, animal PET scanner (Focus 120® microPET, Siemens Preclinical Solution,
Knoxville, TN) was used to image the rat brain. The scanner, with 96 lutetium oxyortho-silicate
detectors, has a spatial resolution of 1.3 mm at the center of the field of view (FOV), a
volumetric resolution of 2.5 uL and an axial FOV of 7.6 cm. Details of the performance
characteristics of the scanner have been described previously (Tai et al., 2005). For each
imaging session, awake rats were injected with 74 MBq of FDG i.p. into the right lower
quadrant of the abdomen. Each rat was initially anesthetized with 5% isofluorane (Minrad Inc,
Bethlehem, PA) in an induction chamber. Afterwards, the rat was placed in the scanner bed in
the prone position with the long axis of the rat’s head parallel to the long-axis of the scanner
and within the FOV of the scanner. During image acquisitions, rats were anesthetized with 1
2% isofluorane gas delivered through a custom face mask. For Group 1, dynamic image
acquisition, in which a set of serial PET images were collected to assess influx of the tracer
over time was started immediately after the injection of FDG and lasted 90 min (9 frames, 10
min each). For Group 2, static image acquisition, in which tracer had reached a steady state
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level in the brain, was started 45 min following FDG administration and images were acquired
for 45 min. To demonstrate the repeatability of the data, images were acquired identically in
this group 48 h later. For Group 3, rats were imaged on two separate days to obtain baseline
and tinnitus scans. On day 1, static baseline images of rats were acquired 45 min after the
injection of FDG. On day 3, rats were first injected i.p. with 250 mg/kg of sodium salicylate
followed 1 h later by administration of FDG. Forty-five min later, static tinnitus images were
acquired for 45 min. Rats in Groups 2 and 3 were kept in a sound-attenuating cubicle during
the interval between the administration of FDG and image acquisition.

MRI acquisition

Once the microPET imaging experiments were completed and radioactivity was decayed, 2
rats in group 3 underwent MRI on a separate day. MRI was carried out on a 4.7 Tesla MR
scanner using a 72 mm quadrature transceiver coil (Bruker Biospin, Billerica, MA). Anesthesia
was induced in the rats with 4% isofluorane and maintained with 1-2% isofluorane during
imaging. The respiratory rate and body temperature of rats were monitored with an MR-
compatible monitoring & gating system (Model 1025, SA Instruments, Inc., Stony Brook, NY).
Animal temperature was maintained at 37° C during the scan by blowing heated air onto the
animals. Following acquisition of scout images to determine location and orientation of brain
within the scanner, a T2-weighted, three-dimensional fast spin echo scan was acquired in the
coronal orientation. Scanning parameters of the high-resolution, T2-weighted scan were as
follows: effective echo time, 85 ms; repetition time, 3 s; field of view, 40 x 40 x 40 mm; matrix
size, 128 x 128 x 96 and echo train length, 16, 2 averages). Raw data was zero-filled to a
1603 matrix, and transformed to image data via Fourier Transform to achieve an isotropic
digital resolution of 250 microns.

Image analysis and quantification

MicroPET images were reconstructed with the standard filtered back-projection method.
Reconstructed images were displayed in transverse, coronal and sagittal planes. A total of 128
sequential tomographic slices were displayed over the imaging object of interest with each
slice measuring 0.087 mm in thickness. The scans from the rats which had both PET and MRI
(T1 and T2 weighted) were anatomically fused using the normalized mutual information
routine taken from SPM5 (Collignon et al., 1995; Friston et al., 2007; Wells et al., 1996).
Quantification of FDG activity was performed using the scanner’s built-in ASIPRO ® software
executed on the IDL Virtual Machine 6.0 platform. The first step in the analysis was
quantification calibration that allowed conversion of image count density to an activity
concentration. Calibration was performed by scanning a uniform cylindrical phantom with a
known activity concentration, A (Bg/mL). From the reconstructed images, the average count
density within a region of interest (ROI) in the central portion of the image, C (counts/voxel/
s), was determined. Because the activity concentration in the phantom is known, the calibration
factor (CF) between image counts and activity concentration was then: CF= A (Bg/mL x
branching fraction/C (counts/voxel/s). For FDG the branching fraction is 0.977, which is the
fraction of decays that occur via positron emission. Counts were obtained from each anatomical
structure by drawing an ROI around the structure. The activity concentration in each ROl was
obtained by applying the CF to the count in the ROI and was expressed as a fraction of the
injected dose per unit volume of tissue (%ID/mL) as described previously (Yang et al.,
2003). In addition, a count ratio (CR) was calculated by dividing the FDG count in a given
structure divided by that in the frontal pole. The use of CR eliminated potential confounding
factors such as dose-effect and calibration-effect that might be propagated through the data.
Counts from three clearly identifiable structures in the central auditory pathway, temporal
cortex (TCx), thalamus (TL) and inferior colliculus (1C), were computed. Average of counts
obtained from ROI in the right and left TCx were combined into a single value. Counts from
the TL and I1C were determined using a single ROI that included both left and right sides.
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Statistical Analysis

Results

Data are expressed as mean values + 1 SD. Comparisons between the paired data within a
group were made using Student’s paired t test. Correlations were tested using linear regression
analysis. Data from the SIPAC behavioral measures were evaluated using a two-way repeated
measures Analysis of Variance to determine the differences in lick counts following
administration of salicylate and at baseline (Student-Newman-Keuls post-hoc analysis). A p
value <0.05 was considered significant for all comparisons.

Salicylate-Induced tinnitus

The mean data for baseline, saline and five salicylate conditions are shown in Fig. 1. During
baseline testing, rats made ~3800 licks-in-quiet (>90% correct) and few licks-in-sound (<10%,
40 dB SPL). Afterwards, rats were injected with saline. During the saline-control condition,
licks-in-quiet remained high, ~3700, and licks-in-sound remained low indicating that the
injections had no adverse effects on performance. During the salicylate treatments, licks-in-
sound remained low for all five salicylate doses (p>0.05). These results indicate that the rats
could hear the real sound. With the 50 mg/kg dose of salicylate, licks-in-quiet remained high
and similar to baseline, indicating an absence of tinnitus. Licks-in-quiet were slightly reduced
by the 100 mg/kg salicylate dose. However, licks-in-quiet were significantly reduced relative
to baseline during the 150, 250 and 350 mg/kg doses of salicylate (p<0.05). These results
indicate that salicylate doses of 150 mg/kg or higher induce the phantom sounds of tinnitus.
Based on these results, the 250 mg/kg dose of salicylate was used to induce tinnitus prior to
FDG imaging.

Protocol Optimization (Group 1)

The dynamic microPET study showed that FDG began accumulating in the brain immediately
after the injection, reached a peak between 30-45 min post-injection and remained at a plateau
for the next 45 min (Fig. 2). All three rats imaged dynamically for 90 min showed a similar
pattern. Thus, image acquisition beginning at 45 min after FDG injection and lasting for 45
min thereafter reflected peak FDG activity in the brain. Moreover, the dose of 74 MBq of FDG
provided excellent images of the rat brain using this protocol.

Repeatability (Group 2)

The CR for TCx, TL and IC obtained from two sets of images acquired 48 h apart showed
excellent agreement. The mean CR of the two image sets were not significantly different (1.02
+0.12 vs. 1.00 £ 0.14; p=0.78). Fig. 3A shows the individual CRs of the TCx, TL and IC
obtained from the first image set plotted against the corresponding CRs from the second image
set. Analysis of the results showed a strong linear and statistically significant correlation
between the two sets of data (Pearson correlation coefficient, r = 0.81, p<0.01) (Fig. 3A). The
Bland-Altman plot showing the differences versus averages of the two measurements did not
reveal any trend of under or overestimation between measurements and the ranges of
differences were within the 99% confidence interval (Fig. 3B). These data indicate that FDG
measurements obtained from the same animal several days apart are highly reproducible and
provide a basis for comparing FDG activity obtained during baseline versus tinnitus conditions.

Salicylate-Induced Tinnitus (Group 3)

Figure 4 shows representative MRI, fused MRI-PET and PET images of a study rat showing
central auditory structures: TCx, TL and IC. Two representative microPET image sets of a rat
brain during baseline and then during tinnitus induced by 250 mg/kg of sodium salicylate are
shown in Fig. 5. Images were displayed in the same color scale. Visual comparison of the lower
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and upper panel shows evidence of increased FDG uptake during salicylate-induced tinnitus
in TCx, TL and IC and several other regions of the brain. Quantitatively, FDG activity in the
frontal pole, expressed as %ID/mL, was minimal and did not change between baseline and
tinnitus conditions (0.22 = 0.09 vs. 0.20 + 0.09; p=0.16) suggesting that this region was
metabolically unaffected across conditions (Fig. 6A). Therefore FDG counts in the TCx, TL
and 1C were normalized to counts in the frontal pole to compute the CR. The CR values were
used to determine the changes in FDG activity in central auditory structures during tinnitus
relative to the baseline. The results are summarized in Table 1. Tinnitus-induced changes in
FDG CR from the baseline for each of the 9 rats are shown in Fig. 6B. Most of the rats showed
increase FDG activity in TCx, IC and TL. The mean FDG CR of TCx and IC were significantly
higher during tinnitus than baseline; TL also showed higher FDG CR during tinnitus, but the
differences did not reach statistical significance. The %ID/mL of FDG in these structures
showed trends similar to the CR data (results not shown).

Discussion

Our SIP-AC behavioral data (Fig. 1) indicated that salicylate doses between 150 and 350 mg/
kg significantly suppressed licks-in-quiet, behavior consistent with the perception of a phantom
sound during quiet intervals. In contrast, saline and low-doses of salicylate (< 100 mg/kg) failed
to produce tinnitus-like behavior. These results are consistent with our earlier behavioral data
as well as with findings of others (Bauer et al., 1999;Guitton et al., 2003;Jastreboff et al.,
1988;Lobarinas et al., 2004;Lobarinas et al., 2006;Ruttiger et al., 2003). We also demonstrated
that FDG activity reached a peak at about 45 min after FDG administration and remained at a
plateau for about 45 min. Thus, our imaging was acquired during the constant peak activity.
Our repeatability study showed excellent agreement between the quantitative parameters
obtained from two sets of images obtained from the same rats 48 h apart. This allowed us to
compare the data at baseline and during tinnitus. The 250 mg/kg dose of salicylate used in our
imaging studies was above the level needed to induce tinnitus-like behavior and did not produce
any side effects. The 250 mg/kg dose of salicylate did not alter FDG activity in the frontal pole.
Therefore the frontal pole was used to normalize the results from the structures in the auditory
pathway. Treatment with 250 mg/kg salicylate significantly increased FDG activity, a measure
of metabolic/neuronal activation, in the IC as well as in the TCx representing the auditory
cortex (ACX). The FDG activity also increased in the TL after salicylate treatment; however,
the increase fell slightly below the level of statistical significance. These results suggest the
involvement of IC, possibly the TL, and the ACX in tinnitus activity and the pattern supports
the hypothesis that abnormal neuronal activity is relayed through the sub-cortical auditory
pathway and processed in the cortex. However, an alternative explanation for these findings
is that activity changes in the ACx modulate neural activity involved with tinnitus in subcortical
sites (Suga and Ma, 2003).

The activation of ACx in tinnitus perception, as has been shown in our study, is consistent with
most published studies. Human PET imaging studies have linked the perception of noise or
age-induced tinnitus to increased or asymmetric metabolic activity in a variety of different
regions of the central nervous system including the left or right ACX, areas surrounding the
ACXx, the medial geniculate body adjacent to the TL, temporal-parietal auditory association
areas, and limbic regions (Arnold et al., 1996; Giraud et al., 1999; Langguth et al., 2006;
Lockwood et al., 1998; Lockwood et al., 2001; Reyes et al., 2002; Wang et al., 2001).
Functional MRI studies with humans have also linked tinnitus to aberrant neural activity in the
IC, medial geniculate body and ACx (Cacace et al., 1999; Lanting et al., 2008; Melcher et al.,
2000; Smits et al., 2007). Magnetoencephalography studies have showed enhanced neural
activity and altered tonotopic organization in ACx (Diesch et al., 2004; Wienbruch et al.,
2006). In one study, transcranial magnetic stimulation (TMS) was used to reduce the observed
hyperactivity in the auditory cortex. The amount of hypermetabolic activity in ACx before
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treatment correlated significantly with the reduction in tinnitus severity after TMS treatment.
(Langguth et al., 2006). The diverse activation sites seen in human imaging studies of tinnitus
are likely to reflect uncontrolled subject variables or diverse etiology (age, noise exposure,
tumor, ototoxic drug etc). In contrast, the mode of tinnitus induction and subject variables can
be carefully controlled in animal studies of tinnitus, particularly when measurements are
obtained from the same subject before and after tinnitus induction as was done here. Increases
in spontaneous activity and neural synchrony have also been seen in neurons in secondary ACx
of anesthetized cats treated with salicylate (Eggermont and Kenmochi, 1998). In a study
evaluating both behavioral and physiological measures obtained from ACx of unanesthetized
rats, salicylate induced tinnitus was correlated with enhanced amplitudes in ACx local field
potentials and a decrease in spontaneous activity (Yang et al., 2007). Both the sound frequency
at which enhancement occurred and the time course of the enhancement mirrored the changes
observed behaviorally, suggesting that the increase ACx activity may be an indicator of
tinnitus.

Only a few studies are available that examined the subcortical activation pattern in vivo during
tinnitus. In one study, consistent with our results, high doses of salicylate significantly increase
glucose and lactate levels in both the IC and ACx in rats (Liu et al., 2003). In another study,
changes in metabolic activity in ACx and subcortical structures have been evaluated in gerbils
using [carbon-14]2-deoxyglucose (2-DG) autoradiograpgy after a 4-day treatment with
salicylate (200-350 mg/kg) (Wallhausser-Franke et al., 1996). Gerbils received 2-DG 2 h after
the last dose of salicylate and were sacrificed 90 min later for autoradiography. Glucose uptake
was increased in ACx but decreased in IC and other subcortical structures including cochlear
nucleus and lateral lemniscus in salicylate-treated gerbils compared to that seen in saline-
treated animals. Based on that data, the authors suggested that salicylate-induced tinnitus
activated ACx without activation of the IC. This is in sharp contrast with our study where we
observe an increased FDG uptake in ACx as well as in subcortical structures including IC and
TL. A direct comparison of our study to the gerbil study is difficult because of a number of
differences in study techniques that include species (rat vs. gerbil), dosing of salicylate (single
vs. multiple) and method of assessment (microPET vs. autoradiography). In addition,
microPET imaging allowed us to compare metabolic activity in the same rats before and after
salicylate administration. Interestingly, a subsequent study from the same group demonstrated
salicylate evoked c-fos expression indicative of neural excitation in the IC (Wallhausser-
Franke, 1997). Our results of increased IC activation are also consistent with the results of
other studies that have demonstrated increased spontaneous activity in the IC following
treatment with high doses of sodium salicylate (Chen and Jastreboff, 1995; Jastreboff and
Sasaki, 1986). Spontaneous rates of neurons in the external nucleus of the IC increased and
many neurons had bursting discharge patterns. These changes were mainly seen in neurons
tuned to 10-16 kHz, frequencies close to the pitch of tinnitus measured behaviorally. Others
have reported that intravenous salicylate increased spontaneous rates in the IC in proportion
to its serum concentrations (Manabe et al., 1997). Collectively, these results suggest that high
doses of salicylate increase spontaneous activity in the IC and that this activity may be relayed
to the ACx where it gives rise to the perception of tinnitus.

In conclusion, our results indicate that a high dose of salicylate that reliably induces behavioral
evidence of tinnitus in rats is associated with a significant increase in metabolic activity in the
ACXx, ICandtoalesser extent the TL. These results also suggest that metabolic activity assessed
through microPET might be used as a surrogate marker of neuronal activation linked to tinnitus.
It is not known if the neurophysiological changes associated with salicylate induced tinnitus
are the same as those associated with noise-induced tinnitus. Thus it would be important to
determine if noise-induced tinnitus produced changes in FDG activity similar to those seen
with salicylate. Future studies with microPET imaging might be used to evaluate the therapeutic
benefits and sites of action of drugs to treat tinnitus. Finally, animal models have so far only
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been used to document the perceptual auditory aspect of tinnitus, not its emotional impact.
Future animal studies aimed at assessing the emotional aspects of tinnitus might prove
informative since human imaging studies of tinnitus patients have found coactivation of
nonauditory as well as auditory brain areas (Andersson et al., 2000; Lockwood et al., 1998;
Mirz et al., 2000).
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Lick counts by rats during quiet intervals (black) and noise intervals (gray) over a 2 h test

period. Data are shown for baseline, saline and five doses of sodium salicylate ranging from
50 to 350 mg/kg. Compared to baseline, licks-in-quiet are significantly lower (p<0.05) with
salicylate doses 150 mg/kg indicating presence of tinnitus. Licks-in-noise remained low and
did not differ significantly from baseline (p>0.05) at all salicylate doses.
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Fig. 2.

FDG counts over time in the inferior colliculi (IC) and temporal cortices (TCx) as well as in
the whole brain (WB) obtained from a 90 min dynamic microPET scan of a rat immediately
after the intraperitoneal injection FDG.
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Fig. 3.

Scatter plot (A) and Bland Altman plot (B) showing excellent correlation and agreement
between two sets of data acquired under identical conditions separated by 48 h. FDG activity
is expressed as a count ratio (CR) between each region of interest and the frontal pole. CRs of
temporal cortices (TCx), thalami (TL) and inferior colliculi (IC) in rats (Group 2) are shown
as black, grey and white circles respectively. SD, standard deviation.
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Fig. 4.

Corresponding transaxial and coronal images obtained from MRI (left column), fused MRI/
microPET (middle column) and microPET (right column) of a rat. Dotted areas identify
temporal cortex (TCx, upper row), thalamus (TL, middle row) and inferior colliculus (IC,
bottom row) at the corresponding level. MicroPET and MRI images were acquired separately
at baseline quiet state and fused together. Rat was imaged in prone position. Ant, anterior; Post,
posterior; R, Right; L, left.
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MicroPET images of a rat brain showing increase in FDG activity in the inferior colliculi (1C),
thalami (TL), temporal cortices (TCx) and periorbital capillaries (\Vs) during salicylate-induced
tinnitus (B) compared to that at baseline (A). Images are displayed in the identical color scale
(right). First 3 columns represent transverse slices and the 4th column represents the coronal
slices. Rat was imaged in prone position. Ant, anterior; Post, posterior; R, Right; L, left.

Neuroimage. Author manuscript; available in PMC 2010 January 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Paul et al.

Page 16

A B
05 - 2,
04 -
16 4
.. ‘
o 012' o
X 02 -
04 - N 08 1
0 04
B T B T B T B T
Frontal pole TCX TL IC

Fig. 6.

Changes in FDG activity from baseline (BL) to tinnitus (T) conditions in the frontal pole (A)
and central auditory structures (B) of each of the 9 rats in group 3. FDG activity is expressed
as % injected dose per mL (%ID/mL) in the frontal pole and CR (count ratio) in the central
auditory structures. Central auditory structures include temporal cortices (TCx), thalami (TL)
and inferior colliculi (IC).
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FDG activity during tinnitus compared to baseline

Page 17

FDG CR Temporal cortex Thalami Inferior colliculi
Number of rats showing 9/9 6/9 8/9
increase
Mean
Baseline 1.08 +0.19 1.13+0.13 1.10+0.12
Tinnitus 1.39+0.29 1.30+0.28 1.30+0.27
p value 0.003 0.07 0.03
Percent change from baseline
Mean 29+20 16+ 23 17+21
Range 4to+63 —6 to +57 —6 t0 51%

FDG CR= FDG count ratio calculated as FDG count of a structure divided by the FDG count of the frontal pole
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